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Figure 1. The “project area” referenced throughout the Communi-
ties, Lands & Waterways Data Source is defined by a network of  nine 
environmental “subsystems,” which collectively comprise the lower Coos 
watershed. The subsystems, shown above and in maps throughout the 
Data Source chapters are, South Slough, Lower Bay, North Slough, Haynes 
Inlet, Upper Bay, Coos River, Catching Slough, Isthmus Slough, and Pony 
Slough. 

Figure 2. The extent of project area closely matches Census 
blocks from which socioeconomic information was compiled 
as well as the administrative boundaries of the Coos Bay Estu-
ary Management Plan, which provides the regulatory basis 
for estuarine conservation and development decisions in the 
Coos estuary.



Introduction
The Communities, Lands & Waterways Data Source (Data Source) is an encyclopedic 
compilation of all available data describing the socioeconomic and environmental 
conditions in the Coos Bay area.  The Data Source considers the Coos Bay area to in-
clude the Coos estuary and lower Coos watershed, referred to as the “project area” in 
Data Source chapters (Figures 1 and 2).  The Data Source provides users with in-depth 
status and trends information about the project area’s attributes, and includes evalu-
ations of those attributes, and highlights significant data gaps.  The Data Source is 
available for download here:  https://files.secureserver.net/0fnREdjwci0i0s and online 
here: www.partnershipforcoastalwatersheds.org.  

The Data Source is organized into 17 chapters divided into two parts.  The Communi-
ties section (six chapters) characterizes socioeconomic status and trends in the project 
area, evaluates our community’s social and economic attributes for comparison with 
other communities, and provides the Data Source with critical historical perspectives.  
The Lands & Waterways section (eleven chapters) characterizes and evaluates the 
status and trends of the project area’s environmental attributes, and describes the 
likely effects of climate change on those attributes.  In this section we include chapter 
summaries which evaluate the chapter’s information sources, identifying important 
data gaps and limitations.

Drafts of each chapter have been reviewed and edited by: 1) technical reviewers 
(those responsible for generating the data summarized in each chapter); 2) subject 
area reviewers (e.g., fish biologists reviewing the Fish chapter, school district ad-
ministrators reviewing the Schools and Education chapter); and 3) the Partnership 
for Coastal Watersheds committee guiding the development of the Data Source (see 
below).   While most of the Data Source chapters have been reviewed, it’s important 
to note that this process is still taking place.  Those chapters still subject to additional 
review will be labeled as such on the chapter’s front page.  

The Data Source was developed by the Partnership for Coastal Watersheds (PCW), a 
group of civic-minded local community members representing county and city plan-
ners, natural resource managers, and development and conservation interests.  For 
more information about the PCW, go to www.partnershipforcoatalwatersheds.org or 

contact Jenni Schmitt at the South Slough Reserve: jenni.schmitt@dsl.state.or.us. 
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The status of the environmental 
attributes characterized in the 
Data Source is evaluated in each 
chapter using a system of colors 
and symbols.  Green boxes repre-
sent good status; yellow represent 
fair status; and red represent 
poor status. White is reserved 
for attributes for which evalu-
ations cannot be made due to 
insufficient information, thereby 
highlighting data gaps. The boxes 
are accompanied by symbols 
representing trend informa-
tion. The upward pointing arrow 
symbolizes increasing trends; the 
dash represents no clear trends; 
and the downward pointing ar-
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The open circle indicates that 
not enough information exists to 
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Summary:
 § The economic and cultural 

history of the Coos Bay area is 
one of change, transition, and 
response to events frequently 
far beyond local control or 
influence. 

 § Current socioeconomic and 
envioronmental conditions can’t 
be understood without at least 
some comprehension of what 
has occurred before today.

 § Archeological evidence and oral 
traditions of Coos Bay’s Native 
people suggest resilient human 
cultures persisted and evolved 
through ecological, economic, 
and sometimes catastrophic 
changes occurring over the past 
6,000 - 10,000 years.

Don Ivy- Coquille Indian Tribe

Chapter 1: A Brief Overview 
of the Coos Bay Area’s 
Economic and Cultural History 

Introduction
To know anything about the culture of a 
place and the people who inhabit it- whether 
a cursory description of past circumstances 
and happenings, or a close examination of a 
particular past condition- requires some un-
derstanding of what encouraged or enabled 

human occupation and livelihoods in the first 
place. 

The following narrative is not a comprehen-
sive explanation of the Coos estuary’s many 
past and present cultural influences. Rather, it 

Photos: Top- Coos History Museum  Bottom- nwmapsco.com
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is a broad and general description of the sig-
nificant events and circumstances that influ-
enced the settlement and development of the 
Coos Bay estuary and its environs since the 
early 1800’s; all of them contributing in some 
way to the current economic and cultural 
landscape. The bibliography found at the end 
of this chapter provides the reader a selection 
of published literature that elaborate many of 
the events and episodes mentioned herein.

Euro-American Discovery and Early Settle-
ment on Coos Bay

The modern history of the Coos Estuary 
begins in January 1852 with a shipwreck on 

the North Spit. The crew and soldiers of the 
Captain Lincoln salvaged the cargo of the 
grounded vessel and made camp (which they 
named Camp Castaway) for several months 
until they were discovered and rescued. The 
accounts of the shipwreck survivors and the 
rescuers about this newly discovered place 
told of bountiful timber resources, fertile agri-
cultural lands, friendly Natives, and a natural 
harbor. In 1853, led by one of those rescuers, 
a group of speculators calling themselves the 
Coos Bay Commercial Company established 
Empire City, almost directly across the bay 
from the Camp Castaway location; and vir-
tually in the middle of the hanis Coos Indian 

Map showing the entrance to “Koos Bay” circa 1862, prior to building of the jetties. Map drawn by the U.S. Coast Survey.  
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village that had kept Camp Castaway alive the 
year prior. Soon after, other speculators and 
industrialists came to stake their claims to the 
shores and resources of Coos Bay; and with 
them came the industrial, agricultural, and 
political ideals of America’s emerging capital-
ist economy. 

Two earlier explorations by Euro-Americans 
into Coos Country have been written about: 
both offering only brief and scanty reports 
about the Native inhabitants and their hab-
itations in the Coos Bay region. Alexander 
McLeod of Hudson Bay Company sojourned 

Map showing “Koos Bay” circa 1865.  Many place names have changed since this map was created. For example Marshfield Pt is 
where the city of Coos Bay now resides and what is now called Kentuck Slough was labeled as Jordan’s Slough on this map. Map 
created by the U.S. Coast Survey

here in the winter of 1826; and Jedidiah 
Smith, an agent of the American Fur Compa-
ny, traversed the country in July 1828. Both 
reports imply the presence of pre-existing 
and well-established travel routes to the 
north and south and into the interior; numer-
ous “villages” that spoke differing languages 
and dialects; and Native people who seemed 
already familiar with foreigners and foreign 
goods, who were willing, if not eager for 
trade. McLeod was looking for beaver. Smith 
was herding 300 horses from California to 
Fort Vancouver on the Columbia River. 
Native People on Coos Bay
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estuary, supporting assumptions of similar 
older human occupations at Coos Bay; the 
evidence likely buried in deep estuary sedi-
ments caused by upland erosion; by sea-level 
rise and subsequent river valley in-filling; and 
by Cascadia earthquake and tsunami events. 

Besides archeology, the oral histories of the 
two Indian Tribes who reside on Coos Bay 
today also speak to the Coos estuary as a 
place of transition and trade between often 

Evelyn Moore, Laura Met-
calf, Nancy Palmer & Laura 
Short.  Source: Coquille 
Indian Tribe

Americans and earlier Euro-American adven-
turers were clearly not the first humans to 
travel through, settle, or exploit the abundant 
and fertile natural resources of the Coos 
estuary and its environs. The remnants of an-
cient fish traps, shell fish harvesting sites, and 
residential locations on Coos Bay are dated by 
archeologist to at least two thousand years 
before present.  Older archeological sites 
(6-10 thousand years before present) are well 
documented to the north and south of the 

Two lines of wood stakes 
exposed crossing a small 
tidal channel in a Coos 
estuary tributary indicate 
remnants of historic fish 
weir sites.  Fish weirs 
were built and used by 
coastal tribes to sea-
sonally harvest salmon 
and other fish species. 
Radiocarbon dating of 
these stakes determined 
one row was from 1443, 
and one from 1640, both 
predating the 1700 sub-
sidence event.  Source: 
Tveskov and Erlandson 
2003
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Figure 4. Yurok-style plank 
house similar to those built 
by north coastal tribes 
through the 19th century. 
This particular plank house 
is from the Sumêg Village, 
located inside Patrick’s 
Point State Park, California. 
Source: Coquille Indian 
Tribe

Present day “Chinuk” style canoes at the annual Salmon Festival celebration in Coos Bay.  Source: Coquille Indian Tribe

far distant cultural groups and economies. 
The traditions of cedar plank houses, “Chi-
nuk”-style canoes, basketry techniques, cere-
monial practices, and the presence of several 
Native languages were all present at the time 
of first American settlement: all evidence of 
extensive long distant and long-standing trade 
networks and multi-cultural Native societies. 
Combined, the science of archeology and 

the oral traditions of the Native people who 
live on Coos Bay today speak to resilient and 
adaptive human cultures that persisted and 
evolved as environmental, ecological, eco-
nomic, and sometimes catastrophic geological 
changes occurred over the millennia.



Map of the Coos and Coquille estuaries circa 1900. Source: USGS 2012
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Workers from the Coast Fuel 
Corporation. Source: Coos 
History Museum and Maritime 
Collection, CHM 991-N118d 

Powers logging camp 
after felling old-growth 
spruce trees. Source: 
Coquille Indian Tribe

Miners at the turn of 
the century in front 
of the Henryville 
Mine (Later renamed 
Delmar Mine), 
approximately eight 
miles south of Coos 
Bay on the east bank 
of Isthmus Slough. 
Source: Coos History 
Museum and Mari-
time Collection, CHM 
973-63d
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Logging yarder with Henry Metcalf Sr. c1930’s.  Source: Coquille Indian Tribe

Early Developments on Coos Bay; pre-1900

The Coos Bay Commercial Company brought 
with it two aspects of commerce that have 
persisted in the local economy ever since: im-
migrants into the region with aims to exploit 
and extract natural resources for economic 
value; and those who came to provide the 
goods and services those enterprises needed. 
Gold prospecting and coal mining and ship-
building brought the initial wave of investor 
capital and speculators to the Coos region; 
followed close behind by sawmill operators 
who to make lumber and timbers for indus-
trial infrastructure, housing for laborers and 
immigrant settlers, and buildings for the sub-
sequent commercial and merchant trade. And 
behind them, came farmers and ranchers.          

Although Coos Bay offered a viable harbor for 
ocean going ships of that era, its extensive 
mudflats and shallow estuary sloughs and 
inlets limited early wharfs and docks to places 
along the shore that were close to deep water 
that also offered immediate access to non-tid-
al uplands. Thus, early developments on the 
bay centered at Empire City and North Bend 
and Marshfield. As coal mining and sawmill-
ing grew, and as more speculators arrived, so 
did needs for additional wharfs and docks. 
Pilings soon stood in mudflats to support 
piers, gangways and rail trestles reaching over 
wide expanses of mudflats, all for access to 
deep water. 
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Similarly, upper reaches of the estuary and its 
tidelands and tidal reaches became settled; 
also becoming diked and drained as agricul-
tural pursuits took hold. If not sold locally to 
the growing populations around the estuary- 
as was coal and lumber- the markets of San 
Francisco were the destination for early Coos 
Bay orchards and crops. By 1900, channel 
dredging began to happen; both to serve 
ocean-going vessels during all tides, and to 
provide source material to make new lands 
above high water. Dredging spoils also made 
high ground for boat landings for emerging 
neighborhoods and town sites growing up 
near the mines and mills and pasture lands. 
With very few good all-season roads locally, 
and even fewer year-round routes to the 
outside world of the Umpqua and Willamette 
valleys, the emergent neighborhoods and 
towns on the Coos estuary depended on Coos 
Bay waters as the primary connection to the 
outside world; oriented almost entirely to 
San Francisco. Similarly, nearly all internal 

Log pond at Sitka Mill circa 
1936. Source: Coquille Indian 
Tribe

economic and community purposes made 
the waters of Coos Bay the life line and travel 
routes for virtually every aspect of local eco-
nomic, community and social life.  

Developments on Coos Bay 1900-1940’s
As the 20th Century began, daily life and 
industry on Coos Bay remained dominated by 
water transportation, although new overland 
routes to the interior were being explored 
and in some cases completed. A “mosquito 
fleet” of small boats plied up and down the 
bay carrying people and goods from town 
to town along the lower bay and produce 
and people from upriver farms to downtown 
markets and processing plants. Ferry boats 
made trips from downtown into the upper 
reaches of the estuary for Sunday picnics and 
summer time camping excursions. For those 
who could afford them, skiffs powered by 
gasoline motors were the private automobiles 
of the day.  
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When the Southern Pacific Railroad from the 
Willamette Valley to Coos Bay was completed 
in 1916, Coos Bay’s economy took on new 
dimensions. Although merchant vessels still 
carried goods to San Francisco markets, Coos 
Bay now had ready access- and accessibility- 
to Portland and Willamette Valley interests. 
The railroad replaced passenger stage routes 
into the Willamette and Umpqua valleys, 
and along the rail route, new opportunities 
opened up for moving logs and lumber to 
mills and market. But as new economic possi-
bilities emerged, old industries disappeared. 
After the 1906 earthquake, San Francisco 
made fuel oil and gas the preferred energy for 
its street lights, manufacturing, and residen-
tial purposes; and coal mining on Coos Bay 
began to end.

The railroad also brought ambitions to deep-
en the harbor to accommodate newer and 
deeper-draft cargo ships. Jetties were lobbied 
for, as well as large scale channel and harbor 
deepening projects. By the end of the 1930’s, 
in spite of a World War and the Great Depres-
sion, the Coos Bay bar had both jetties, and 
the harbor could now handle those deeper 
draft vessels. And with larger ships now 
calling, and with rail access to the interior, 
lumbering became even more dominant 
in the local economy, attracting even more 
significant national and international interests 
and speculation. 

A deeper harbor and safer bar also created a 
safe harbor for smaller vessels, and Coos Bay 
soon became home to a commercial fishing 
fleet and several fish processing docks and 

canneries. Salmon and crab became new 
commodities to ship from Coos Bay- in fully 
processed canned tins or as minimally pro-
cessed fresh goods leaving town in refriger-
ated rail cars. Similarly, dairy production and 
processing took on bigger scales- and new 
markets- as rail and maritime shipping facili-
ties became improved.        

Spoils from upper bay dredging projects were 
pumped or dumped into and onto previ-
ous tidal sloughs and mudflats for new high 
ground upon which business districts and mill 
sites could be expanded; and where some-
times new residential neighborhoods were 
built. Dredge spoils also became material for 
dikes along upper estuary shorelines; later to 
become roadsteads as local transportation by 
water gave way to automobiles and trucks. 
These and later dredging projects- along with 
the wood waste of sawmilling- filled in as 
much as 80% of the estuary’s pre-industrial 
tidal and inter-tidal mudflats, sloughs and 
marshes by the 1960’s.           

As the 1930’s ended, the North Bend Airport 
had been expanded and improved (again with 
the aid of dredge spoils); the Oregon Coast 
Highway (later named Highway 101) and its 
several bridges were complete, making a 
modern all-weather thoroughfare connecting 
all of Oregon’s coastal towns from Astoria 
to Brookings. The “Coos Bay Bridge” (later 
renamed McCullough Bridge) replaced the 
Glasgow Ferry in 1936; and as arterial high-
ways to the interior also became improved, 
recreational auto travel and tourists from 
interior towns and cities began to visit. 
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Developments on Coos Bay 1950-1980

Although World War Two and the few years 
immediately following were “boom times” 
for the Coos Bay region, the early 1950’s 
re-established the cycles of boom and bust 
in the local economy. Once myriad indepen-
dent sawmill and logging companies became 
fewer; and when Weyerhauser opened its 
North Bend lumber manufacturing plant in 
1951, many of the remaining “gyppo” logging 
and mill owners soon sold out and went to 
work in the new big mill. Others became the 
cutters and fallers and truck drivers began the 
harvest of Weyerhauser’s 200-plus thousand 
acres of Coos River old growth forests- most 
of it purchased decades previously. 

In 1956, Georgia-Pacific bought the Coos Bay 
Lumber Company and its “big mill,” which 
prior to the start-up of Weyerhauser’s North 
Bend operations, had been the largest mill 
and employer on the bay. Georgia Pacific ac-

quired mills, transportation links (rails, roads, 
docks) as well as 120 thousand acres of prime 
timberlands mostly south of Coos Bay, in the 
Coquille River basin. Rail transport was soon 
moving lumber and plywood produced at 
mills on the Coquille to Coos Bay, for export 
by rail and ship to U.S. and foreign markets.           

The outputs of “Weyco” and “G-P” (as they 
became called), along with that of the Mena-
sha Corporation (previously Menasha Wood-
en Ware Company) and a few smaller timber 
companies with sufficient holdings and capac-
ity, soon made Coos Bay the “lumber shipping 
capital of the world.” But even in the face of 
the prosperity of good jobs, the subsequent 
bustling retail and commercial trade, and 
lots of taxes going to county and municipal 
governments, local observers made note (in 
spite of proclamations to the contrary) that 
the volume of timber harvest was not sustain-
able. That is: existing timber was being cut 
faster than what the next generation of forest 

Red Gibbs coal mine on 
the South Slough, c1950. 
Source: Coos History 
Museum and Maritime 
Collections, CHM 988-
NA1.6 
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Present day kayakers paddling along the South Slough estuary, an arm of the Coos estuary. Source: South Slough NERR

could replace before the “old growth” ran 
out. In effect, some were saying that when 
the trees ran out, so would the good times. 
Eventually, those predictions came true: old 
growth forests once deemed inexhaustible 
and sustainable in perpetuity even as late as 
the 1940’s, were in fact nearly completely 
exhausted as the 1980’s began.      
Similarly, the once abundant and also seem-
ingly “inexhaustible” commercial salmon 
fishery saw its apex and decline between the 
1950’s and 1980’s. Though purse seining and 
gillnetting on the estuary had ended decades 
prior, and in spite of intensive hatchery efforts 
on Coos Bay tributaries since the early 1900’s, 
by the 1980’s salmon stocks were in serious 
decline. Over-harvest by commercial and 
recreational fisheries were part of the prob-
lem.  But so too were the accumulated effects 
of decades of expedient and primitive logging 
practices, upriver splash-damming, and log 
rafting and storage on the tidal bay. Too, the 
filling-in of estuary marshes and tidelands for 

agricultural and commercial purposes, and 
toxic run-off from industrial and municipal 
sources were other factors contributing to 
Coos Bay’s salmon problem. 

It would be in later decades, and as the result 
of scientific research conducted by Oregon 
Institute of Marine Biology (permanently 
established 1966) and South Slough National 
Research Reserve (permanently established 
1974) and others, that variable ocean con-
ditions and migration patterns; as well as 
estuary water quality and loss of habitats 
were also contributors to the health and 
abundance of all Coos Bay and Pacific coast 
fisheries, including salmon.  

Developments 1980-Present 

Nearly all aspects of Coos Bay’s business and 
civic landscape changed in the 1980’s; includ-
ing the complexion of waterfront uses, and 
in some ways, the complexion of the estuary 
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Coos Bay waterfront looking with emergent marsh vegetation in foreground and broken down pilings and dock infrastructure and a 
pilot boat heading out beyond. Source: South Slough NERR

itself. More than 100 years of successive 
natural resource extraction and exports came 
to end. Mills not only closed, they were dis-
mantled and torn down; docks and piers and 
log yards became derelict and decayed. Many 
businesses that had served those industries 
and enterprises and their workers for genera-
tions also ended or were substantially dimin-
ished. Retail stores closed. Jobs were gone. 
Unemployment and family poverty soared. 
People left town. Coos County’s population 
declined significantly between 1980 and 
1990.

Since 1990, the population of the Coos Bay 
region has remained virtually unchanged, 
but not so its demography. The population 
became older, reflecting both national popu-

lation trends, and the immigration of retirees 
and semi-retired professionals. The absence 
of “family wage” jobs to attract and retain 
younger adults and families also contributed 
to that aging; as did the out migration of post-
high school young people for employment 
and education opportunities elsewhere.         
The concepts of “industry” changed as well. 
Although forest products remained a con-
tributor, the service industry became the 
majority jobs provider. Tourist and hospitality 
services, medical and retirement facilities, 
outdoor recreation businesses, and Tribal ca-
sinos became dominant employers. Commer-
cial fishing, boatbuilding and fish processing 
plants still provided jobs, although “fishing” 
in all aspects became highly regulated. As 
water quality of the estuary improved, oyster 
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aquaculture expanded; and recreational salm-
on fishing on the estuary during late summer 
and fall became a cottage industry in its own 
right.                               

Bandon Dunes Golf Resort opened in the late 
90’s, and by 2015 had grown to a complex of 
five “world class” links-style golf courses with 
complete resort amenities. As wealthy golfers 
from around the world came to play at Ban-
don Dunes, charter and private jet airplane 
traffic at North Bend Airport grew from less 
than 50 to more than 5,000 landings per year.  

Tribal Governments emerged. The Confeder-
ated Tribes of Coos, Lower Umpqua and Siu-
slaw Indians regained federal recognition in 
1983; the Coquille Indian Tribe in 1989. Both 
Tribes chose to headquarter in Coos Bay and 
North Bend respectively; and both now op-
erate health, education, and social programs 
for their tribal communities as well as other 

Natives and segments of the local non-native 
population.        

Along estuary shorelines, vacant mill sites 
and shipping wharfs became new kinds of 
places. Neglected docks and pilings became 
habitats for estuary wildlife shorebirds and 
fishes. Boardwalks replaced industrial tram-
ways along city waterfronts. Hotels, RV parks, 
a Tribal casino, a public museum and boat 
ramps and parks became new uses of former 
sawmill, coal bunker and lumber yard sites. 
Where log booms once covered them, tide 
flats and inter-tidal marshes re-emerged to 
become destinations for recreational clam 
diggers, birdwatchers, and canoe and kayak 
enthusiasts.  

Vestiges of the industrial past still persist, 
although much diminished in size, in num-
bers, and in frequency of use. Logs are still 
processed for export to foreign countries, 

Coos Bay wa-
terfront looking 
south. Showing 
decaying histor-
ical dock infra-
structure and 
marsh vegetation 
in foreground, 
with new Coos 
Historical and 
Maritime Mu-
seum in upper 
right corner. 
Source: South 
Slough NERR
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sawmills still operate, ships still load wood 
chips for Japan’s pulp and paper mills, and 
the railroad still carries away lumber and 
plywood destined for national and interna-
tional markets. So too: foreign investors, local 
land speculators, and civic leaders still tout 
the advantages of Coos Bay as the “only deep 
water harbor between San Francisco and 
Puget Sound” all promoting and awaiting the 
next big industry that might bring new jobs, 
prosperity and a vibrant future to Coos Bay 
and the Coos region.                         
 
Developments: Looking Forward  

In 2015, more than 160 years have passed 
since the initial American settlement and 
development of the Coos Bay estuary. As 
much as technology and successive waves of 
corporate investments may have transformed 
some of its aspects, Coos Bay still remains- at 
least as some past observers characterized it- 
“a remote outpost on the frontiers of civiliza-
tion.” Although all the attributes of modernity 
exist: a railroad, an airport, highways to the 
interior, and a deep draft shipping harbor, 
none are primary routes to the major cities 
and industrial manufacturing and distribution 
centers of the Pacific Northwest. 

Highway 101 and its arterials are not free-
ways; rail transport is limited to 10 miles per 
hour; the airport is not a connector for even 
regional travel; and though it is deep draft, 
the Coos Bay harbor is constrained by a nar-
row shipping channel and very few deep draft 
wharfs with adequate uplands upon which 
to build terminal or trans-loading shipping 
facilities. These factors may have limited 

industrial developments in the past, and may 
continue to do into the future- especially in 
the absence of large-scale industrial sites and 
infrastructure.

On another hand: Coos Bay’s temperate year-
round climate; its year-round outdoor recre-
ational opportunities; its full complement of 
commercial and retail and medical services; it 
close proximity to the spectacular and scenic 
natural beauty of nearby ocean beaches 
and rugged coastlines (some say rivalling or 
surpassing the California’s “Big Sur”); and an 
environment that is (as a recent local Gar-
den Club meeting proclaimed) still “green, 
clean, and pristine” are bring increasingly 
more leisure and recreational tourist visitors. 
These same attributes are also the attractants 
for the continued growth of a retired and 
semi-retired residential population. 

At this writing, Coos Bay’s future economy 
and cultural identity prospects are of several 
parts:  Bandon Dunes Resort is planning more 
golf courses elsewhere on the south Oregon 
coast, which surely will bring even more jet 
traffic to the North Bend airport. The Port of 
Coos Bay champions a liquefied natural gas 
export facility on the North Spit that may pro-
vide impetus for upgrades to rail and harbor 
facilities, which may attract ancillary manu-
facturing and shipping facilities. Both local 
Tribes are expanding their respective land 
bases and businesses, including commercial 
timbering and agriculture and visitor/conven-
tion/tourism venues.     
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But prospects of an eventual robust and 
prosperous economy- however it might occur- 
does little in the moment to help local mu-
nicipalities deal with present circumstances: 
wastewater treatment facilities need critical 
maintenance and upgrades; streets suffer 
from decades of deferred repairs and im-
provements; local tax bases barely cover the 
costs of public safety and emergency services; 
and the shop worn appearances of downtown 
business districts hint every day of an econo-
my that is surviving, but clearly not thriving.    

Conclusion

The journals of the earliest sailors, explorers, 
and settlers into the Coos region, the oral 
traditions of its Native peoples, the oratory 
of local historians and promoters, the discov-
eries of scientific inquiry, all argue that the 
economic and cultural history of the Coos 
Bay estuary is one of change, transition, and 
response to events frequently far beyond lo-
cal control or influence. Sea levels have risen 
and fell many times since first humans arrived 
here. Cataclysmic earthquakes and accom-
panying horrific tsunamis have erased old 
shorelines and evidence of previous human 
habitations. Since 1852, industrial manipu-
lation and exploitation of its natural systems 
and processes also imposed changes to the 
estuary, and as the vestiges and evidence of 
past industries slowly disappear, the estuary 
is changed once again; offering instructions 
to its observers about how things used to be, 
and might become.   

The oral histories and traditions of the local 
Hanis and Miluk Kusan Indians recall a char-
acter called “Old Man Talapus” or sometimes 
“Old Man Coyote.” Depending on the pur-
pose and context of the stories in which he 
appears, Talapus-Coyote is either the myth-
ological “Creator” of the world and all that is 
in it, who then leaves humans to their own 
devices; or He is a persistent and omnipresent 
“Trickster” operating in the world today, who 
one way or another- through various mis-
chiefs- persuades the People’s behaviors in 
order for them to learn and to know certain 
things. Either way, the stories are reminders 
of a world that is always subject to change. 

Old Man Talapus, when realizing that hu-
mans could not live on the blue clay mud of 
the estuary that continually was flooded by 
tides and winter storms, made a place where 
humans could prosper: he wove mats of grass 
and cedar bark and laid them down upon the 
blue clay until there soon was a surface above 
the tides and floods. Thus, animals and plants 
took their place upon this new high ground; 
and soon humans did too… In another story, 
Coyote trades his “greasy” eyes for the clear 
eyes of Salmon Girl: Coyote; and now with 
clear eyes, he becomes able to see all things 
in the world, leaving Salmon Girl to only be 
able to see some things...

However and whatever it is that compels one 
to look, the “State of the Coos Bay Estuary” 
as it is in 2015 can’t be seen without at least 
some understanding of what has occurred 
before today. Perhaps this narrative, as brief 
and superficial as it is, provides some guid-



1-17Brief Cultural History of the Coos Bay Area

ance about where to look and what to look 
for when searching for those details… As a 
Trial Elder once said, “What we see today is 
not what was, and what is seen today is not 
what will be seen in the future…”
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Summary:
 § The Coos Bay Area community needs to have sufficient political, 

cultural, and financial support in order to make progress on existing 
and emerging priorities.

 § Our community may benefit from anticipating new state and federal 
regulations and responding swiftly, emerging at the forefront to 
assume a leadership role among rural communities across the state 
and nation. 

 § Our community should continue to leverage its rural location, 
but must remain alert to problems that may be masked by the 
characteristics of the rural landscape.

Emily Wright, Jon Souder- Coos Watershed Association

Chapter 7: Community Evaluation 
for the Coos Bay Area
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Introduction

This Sustainability Tools for Assessing and 
Rating (STAR) Communities Report is a socio-
economic assessment of the communities 
in the Coos Coos Bay area, encompassing a 
broad range of socioeconomic topics that col-
lectively define sustainability at the commu-
nity level.  This evaluation in integral to the 
Community section of the Data Source which 
employs two methods to characterize and 
assess socioeconomic conditions in the Coos 
Coos Bay area. The first method uses data 
from the Census, state and federal agencies, 
and other readily available and reliable sourc-
es to analyze and characterize a standard 
suite of socioeconomic topics: demographics, 
communities and neighborhoods, schools and 
education, jobs, and land use (Chapters 3-6).

The second approach (this report) employs 
the existing STAR Community Rating System, 
to evaluate a comprehensive set of indicators 
that collectively assess community vitality, 
capacity, and resilience (STAR Communities, 
2014). STAR uses data from the Census and 
agencies as the first method does, but it also 
includes national and state databases and lo-
cal as well as informal data sources. The end 
product is a standardized metric that gauges 
socioeconomic conditions of the community. 

This report has four sections: 1) Evaluation 
System, which details the process through 
which the Partnership for Coastal Water-
sheds (PCW) Committee chose the evaluation 
system used for the socioeconomic assess-
ment; 2) Methods, which guides the reader 
through the steps used to gather, analyze, 

and evaluate data using the STAR evaluation 
system;  3) Results, which addresses the over-
all outcomes of the assessment, as well as 
each of the seven main socioeconomic topics 
that are the framework for the STAR evalua-
tion system: Built Environment; Climate and 
Energy; Economy and Jobs; Education, Arts, 
and Community; Equity and Empowerment; 
Health and Safety; and Natural Systems; and 
4) Discussion, which addresses caveats to the 
results, provides factors that appear to con-
tribute to high or low achievement within the 
evaluation system, and makes suggestions for 
future steps that the community could take. 

These sections are followed by a Reference 
section- a bibliography of resources used in 
the writing of this report-  and Appendices 
that include a spreadsheet of the raw as-
sessment data, a list of data sources used in 
the assessment, and an example of a data 
collection survey used for some areas of the 
assessment.

Evaluation System 

Needs Assessment

The PCW Committee first approached the 
socioeconomic portion of the project by 
conducting a needs assessment to identify 
the scope of socioeconomic attributes, the 
desired outcomes, and the envisioned uses 
of the results. Emerging from this assessment 
was a need for two types of analyses. One 
type of analysis would use more traditional 
sociological methods to evaluate key topics 
in the community with objectivity, but also 
sensitivity to local knowledge. The second 
type of analysis would use a standardized and 
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widely accepted evaluation framework to 
assess a broader scope of topics, providing a 
way to objectively compare the Coos estuary 
communities to other communities in Oregon 
and nationwide.

Once the vision, goals, and needs for the 
Community part of the Data Source were 
identified, the  PCW Committee explored dif-
ferent options for a standardized evaluation 
framework. Two frameworks were identified: 
the STAR Community Rating System (STAR 
Communities, 2014) and Community Vitality 
Indicators (Etuk, 2012), the latter of which is a 
product of an Oregon State University gradu-
ate student thesis based on work for the Ford 
Institute for Community Building. The merits 
and drawbacks of each framework were eval-
uated and presented to the PCW Committee 
in October 2013. The two systems are based 
on a similar definition of sustainability or 
community vitality and their scopes are sim-
ilarly broad. However, STAR has significantly 
more breadth, depth, and detail compared to 
the Community Vitality Indicators. Additional-
ly, the results from the STAR metric scores can 
be compared to other communities across 
the United States. Therefore, it was decided 
that the Data Source should use the STAR 
Community Rating System for the socioeco-
nomic evaluation.

 

WHAT IS SUSTAINABILITY?

“Sustainability” is often characterized 

as a three- -legged stool that depends 

on positive economic, social, and 

environmental outcomes. STAR uses 

this definition as the foundation of its 

evaluation system, with the recognition 

that sustainability will differ for every 

community. This report adopts STAR’s 

definition of sustainability, but prefers 

to consider the STAR framework as 

way to assess the Coos Coos Bay area 

in terms of locally- -driven approaches 

to responsible development and 

building community capacity and 

resilience.

These elements can be found in every 

part of the community, including each 

of the 7 goal areas of the STAR system, 

listed in Figure 1.
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small number of additional indicators were 
selected to reflect trends in social science 
research and to illuminate issues of disparities 
and equity.” (Weber, Worcel, Etuk, & Adams, 
2014).

The Leadership in Energy and Environmental 
Design Neighborhood Development (LEED 
ND) rating system, a national system man-
aged by the U.S. Green Building Council, 
also uses metrics that are found in the STAR 
system (U.S. Green Building Council, 2013). 
However, the LEED ND program is on a proj-
ect-by-project basis, making it unsuitable for 
ongoing evaluation of the community as a 
complete system.

The correlation between the STAR rating 
system and similar efforts in Oregon and the 
across the country indicates that the PCW 

STAR Community Rating System

The STAR Rating System has seven goal areas, 
listed in Figure 1, which cover a broad range 
of topics, from health care to workforce de-
velopment to water quality, that collectively 
define sustainability at the community level. 
Each goal area is supported by 5-7 objectives. 
The achievement of these objectives, and by 
extension their respective goal areas, is deter-
mined by over 500 evaluation measures. STAR 
uses two types of evaluation measures:

1. Community Level Outcomes indicate a 
community’s progress toward a desired 
state or condition within the objective, 
represented as trend lines, targets, or 
thresholds.

 
2. Local Actions describe decisions or in-

vestments a community makes to move 
closer to the given outcomes, such as 
municipal code changes, partnership de-
velopment, and infrastructure upgrades.

STAR evaluation measures correlate to similar 
evaluation systems that attempt to assess the 
health, resilience, or sustainability of commu-
nities. For example, many of STAR’s evaluation 
measures align with the metrics used in the 
Tracking Oregon’s Progress (TOP) project:

“The indicators were selected to reflect 
state priorities as expressed in the Oregon 
Benchmarks and the 10- year Plan (Governor 
Kitzhaber 2013). Additional indicators were 
added based on their inclusion in the State of 
Our Health 2013: Key Health Indicators for Or-
egonians report by Oregon Health & Science
University and Portland State University. A 

Figure 1. List of socioeconomic topics, or Goal Areas, 
that collectively define sustainability at the commu-
nity level, according to the STAR Rating System.
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Committee is using a framework that is com-
parable to  what other cities and regions use. 
There are 70 communities currently partici-
pating in the STAR Community Rating System 
to some degree, as of July 2014. Ten of those 
participants are counties, and the Coos Bay 
area is the only regional example that spans 
city and county jurisdictions. However, ten 
percent of participating communities have a 
population of 30,000 or less. These statistics 
demonstrate that the Coos Bay area will be 
able to use the results of the STAR assess-
ment to compare its responsible develop-
ment efforts with other communities across 
the nation, which is useful both for planning 
and fundraising efforts. This also indicates 
that the Coos Bay area is unique in its col-
laborative and grassroots efforts to advance 
regional efforts for responsible and resilient 
development, which holds promise for the 
long-term viability of the outcomes that are 
produced.

Adapting STAR for the Coos Coos Bay area

The STAR system was designed to be inher-
ently adaptable to the needs and available 
resources of individual communities.
However, applying the rating system to the 
Data Source project creates a unique case 
study because (1) the Coos Coos Bay area is 
currently the only community using the rating 
system as an organization rather than a local 
government, and (2) the Coos Coos Bay area 
is the only example of a watershed-scale 
assessment rather than a city or county juris-
diction. 

The first circumstance presents an advantage 
of a more bottom-up community approach, 
which can be useful in securing broad support 
from diverse stakeholders and engaging them 
more fully in the assessment and planning 
process. A disadvantage of this approach is 
that the local government has a major role to 
play in the assessment in terms of providing 
data and analyses, making them a  more nat-
ural coordinating body that could potentially 
conduct the assessment with more ease, 
assuming they had the resources to do so. 

The second circumstance is advantageous 
because the Coos Bay area is positioned as 
a leader by taking a regional approach to 
responsible development and community 
resilience. Undoubtedly there are many com-
munities across the nation taking a similar ap-
proach, but the Coos Bay area is the only one 
that is doing so through the STAR framework. 
By conducting a watershed-scale assessment, 
the Data Source project transcends politi-
cal boundaries,  yet still acknowledges and 

 

The Coos Coos Bay area 

community is the only 

example of a watershed-

scale assessment in the STAR 

Communities system.
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respects them, providing a valuable perspec-
tive on development and planning for future 
changes.

In addition to these two circumstances, the 
rural nature of the community and its limited 
resources present some challenges to com-
pleting the STAR assessment itself, mainly be-
cause lack of data prevents certain measures 
from being evaluated. Nevertheless, the STAR 
system is extensive enough that a sufficient 
breadth and depth of data was collected to 
conduct a thorough evaluation of community 
conditions.
 
Methods

Strategy Development

Once the STAR system was selected, Data 
Source  project staff completed an initial scan 
of the STAR system to identify data needs, 
sources, and create a project timeline. There 
were three levels of data requirements that 
corresponded to three phases in the timeline:

1. Less than 3 months: Data exists for 
local area and can be accessed online 
or through simple request process. Data 
requires minor to no calculations. 

Example: Housing and transportation 
costs as a percentage of average house-
hold income is an indicator of housing 
affordability in a community. These costs, 
as a percentage of the Annual Mean 
Income for the Coos Coos Bay area com-
munity, were found using the Center for 
Neighborhood Technology’s Housing and 
Transportation Index (www.htaindex.org), 

a simple online mapping tool that uses 
socioeconomic data generated from the 
Census and other sources with resolution 
at the Census block level. (See Built Envi-
ronment-4, Outcome 1).

2. 3 to 6 months: Some local data may exist, 
but may need to be collected from mul-
tiple sources, or data may require some 
degree of analysis or calculation.

Example: The number of recreational 
facilities available to residents, in pro-
portion to the population, indicates how 
conducive the community is to active 
living. Active recreational facilities, includ-
ing swimming pools, skate parks, tennis 
courts, playgrounds and baseball/softball 
diamonds, were identified through the 
Coos Bay Master Parks Plan, city and 
county websites, and Google Earth im-
agery. Once an inventory of each facility 
type was complete, ratio of facility to 
10,000 people was calculated and evalu-
ated compared to the STAR targets. (See 
Health and Safety-1, Action 10)

3. Greater than 6 months: Little or no 
local data exists, or systems may not be 
in place to collect data easily, or data 
requires more elaborate calculations or 
analyses.

Example: Reducing greenhouse gas 
emissions is a common strategy to reduce 
a community’s contribution to climate 
change. There are many steps, big and 
small, that a community can take to make 
progress toward this broader goal, includ-
ing adopting energy efficiency regulations 
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for public buildings. A survey was sent 
to local government agencies (Coos Bay, 
North Bend, and Coos County) to deter-
mine exactly what the Coos Coos Bay area 
community was doing (see Appendix C: 
Sustainability Scan). The survey responses 
were compiled to determine achievement 
toward each evaluation measure. (See 
Climate and Energy-2)

Data collection and analysis first focused 
on the “lowest hanging fruit” (less than 3 
months) and attended to the more rigorous 
measures (3 months or longer) later.

Data Collection

Some of the STAR evaluation measures have 
clearly identified data sources, such as a 
national database accessible online. Others 
refer to state or local agencies that commonly 
collect and provide such data. The majority, 
however, either suggest a local city or county 
department that may hold the data, or do 
not refer to any potential source whatsoever. 
For the latter three instances, potential data 
sources—organizations or agencies—were 
identified for each evaluation
 
measure and information requests were sub-
mitted to the most likely individual responsi-
ble for the data. These requests were often 
referred to another staff member or a differ-
ent organization or agency. In some cases, 
these requests followed a simple process and 
produced the precise data required for the 
given evaluation measure. In other cases, the 
requests could not be wholly met due to in-
complete data, similar but not the exact type 

of data, or an entire lack of data on the topic 
altogether. Such situations were still produc-
tive for the evaluation, since they shed light 
on matters that received less attention from 
local stakeholders, and/or were matters less 
pertinent to the circumstances of a rural com-
munity—the latter of which was a common 
theme throughout the STAR Rating System.
For certain organizations and agencies from 
whom a large amount of information was 
requested, a survey format was used in a 
“Sustainability Scan” (see Appendix C). The 
survey was modeled after a similar one used 
to assess sustainable actions taken by govern-
ment leaders in Des Moines, Iowa as a part 
of their regional long-term planning efforts 
(Sasaski Associates, 2012). Our Sustainability 
Scan format was used to collect information 
from city, county, and school district admin-
istrators. The survey asked administrators 
whether their organization or agency was 
currently taking action, thinking about taking 
action, or not taking action on the pertinent 
evaluation measures. There was also a sec-
tion where the administrator could describe 
what their actions entailed. For example, we 
asked school administrators about out-of-
school tutoring programs available in their 
respective schools.

Data Analysis

Once collected, the data required various 
degrees of analysis. The majority involved 
minor descriptive statistics to determine 
average trends over a given period of time—
usually the past  three years. Many also 
involved geographic analyses to determine 
access to services, concentrations of popula-
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tion subsets and services, and answer other 
geographic questions. Most of the analyses 
were completed and documented in the form 
of spreadsheets, charts, and maps. A  few 
analyses required more time than was able to 
be allotted or were beyond the ability of staff, 
and therefore were marked for future analysis 
when time and/or skill was available.

Evaluation

Each evaluation measure with completed 
data analysis was then assessed on whether it 
met the target identified by STAR. Targets are 
based on national or widely accepted stan-
dards or on local goals and targets. Evaluation 
measures received two types of scores based 
on their achievement of targets. The first 
score is a numerical one derived directly from 
the point system in the STAR Rating System. 
The STAR point system is complex and a 
detailed explanation is beyond the purview 
of this report. However, it is worth noting 
that the point values are based on the impact 
that each evaluation measure has on achiev-
ing community sustainability as well as the 
impact it has on achieving the specified goals. 
In the STAR Rating System, points for each 
evaluation measure are used to calculate an 
overall sustainability score for the community, 
which determines the community’s achieve-
ment level.

The STAR numeric score provides a dynamic 
metric that enables the PCW Committee to 
compare the Coos Coos Bay area community 
to others of similar size and/or achievement 
level across the country. However, the STAR 

score does not capture the intermediate 
progress of many evaluation measures. 

Therefore, in addition to the STAR score, Data 
Source  project staff use a categorical scoring 
system to recognize initial progress toward 
given goals and thus provide a more nuanced  
assessment of current conditions. For this cat-
egorical score, evaluation measures are given 
one of five categories:

1. Meeting/exceeding the target: The tar-
get(s)  was met or exceeded across the 
community— including all eligible juris-
dictions (cities, school districts, etc.).

2. Partially meeting the target: A number of 
situations could be occurring, including:
• Only one city meets the target(s);
• Only one school district meets the 

target(s);
• Only one or some of multiple targets 

in a single evaluation measure are 
met;

• Progress has been demonstrated, 
but the target has not been fully 
achieved; or

• Other situations.

3. Not meeting the target: The target(s) was 
not met and no significant progress has 
been demonstrated in any of the eligible 
jurisdictions.

4. Pending: Data collection or analysis has 
begun but is not yet complete and the 
evaluation measure cannot be catego-
rized at this time.
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5. Unable to  Evaluate or N/A: Data was in-
sufficient at time of evaluation, required 
more extensive analysis, or were inappli-
cable to the community.

During the course of the evaluation, it be-
came clear that some evaluation measures 
could not be analyzed due to either lack of 
data or the need for more extensive analyses 
with several data elements that would have 
to be obtained from various agencies and de-
partments. These evaluation measures were 
marked as requiring assessment at a future 
time when data is available and completely 
collected.
 
Results

Overall Achievement

The Coos Coos Bay area community per-
formed moderately in the STAR assessment. 
The total STAR score  was 237 out of 500, and 
the average categorical score for meeting or 
partially meeting the target was 48%. The 
community is excelling in some areas, such as 
Health and Safety and the Built Environment, 
while other areas could use considerable 
improvement, such as Climate and Energy. An 
analysis of the varied achievement levels can 
be found in the Discussion section, which is 
preceded by sections explaining the commu-
nity’s performance in each STAR goal area. 
Figure 2 shows the STAR Score and categorical 
score for each goal area.

 

 

DUAL SCORING SYSTEM

What is the difference?

The STAR Score and Categorical Score 
differ on their treatment of intermediate 
progress toward targets.

The STAR Score rarely offers partial points 
for intermediate progress, and only for 
selected evaluation measures.

The Categorical Score recognizes 
intermediate progress through a category 
of “partially meeting the target”. Any 
evaluation measure is eligible for this 
category for various reasons.

Do the two scores align?

Sometimes. The sum of the two categories 
meeting/exceeding or partially meeting 
the target is usually greater than the STAR 
score, but sometimes it is less.

The main reason for this is that the STAR 
score does not address how to assess 
multiple jurisdictions in a single point 
system. For example, when only one city is 
meeting the target, no STAR points were 
awarded,  but the evaluation measure 
was categorized as partially meeting the 
target. In this case, the STAR score would 
be less than the categorical score.

Why should we use both?

It is not necessary to use a dual scoring 
system, but it is certainly helpful. The 
categorical score, especially when 
compared to the STAR score, helps explain 
the community’s achievement—it  clarifies 
whether the achievement is supported 
by efforts spanning the entire community 
or only a certain portion of it. It helps 
direct our attention to areas that appear 
to be successful, but actually could use 
additional support. Finally, it provides an 
estimate of the level of achievement the 
community could reach if it were to shift 
from only partially meeting targets to fully 
meeting or even exceeding targets.
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Community Rankings

If the Coos Bay area community were seeking 
official certification through the STAR Rating 
System, its overall STAR score of 237 would 
qualify it as a 3- STAR Community, according 
to the certification levels (Figure 3). Figure 4 
lists the communities nationwide that have 
received 3-STAR certification. Figure 5 lists 
the other communities either participating or 
certified in the STAR Rating System that have 
a comparable population size to the Coos Bay 
area. 

These tables indicate that if the Coos Bay area 
community chose to pursue certification, it  
has the potential to be the community with 
the smallest population size to achieve 3-STAR 
certification (although Northhampton, MA 
has achieved 5-STAR certification), and be 

among the only communities of its size range 
to achieve certification status.

Currently, the Coos Bay area is a participating 
community, meaning that it is using STAR to 
assess its current conditions and determine 
whether pursuing STAR certification is right 
for the community. If the Coos Bay area 
chooses to seek certification, it would be 
considered a reporting community while it 

Figure 2. Achievement scores (STAR and categorical) by goal area for the Bay Area community. The top bar (darker solid color) in 
each goal area is the STAR Score and the lower bar is the Categorical Score, which is separated into the percentage Meeting Target 
(darker striped color) and Partially Meeting Target (lighter striped color).

Figure 3. STAR Rating System certification levels. The number 
of points that a community achieves in the STAR rating system 
determines its certification or recognition level.
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prepares data, analyses, and documents to 
submit to STAR and waits for STAR verification 
team to review its evaluation and issue an 
official Community Rating based on the points 
achieved.

Goal Area Outcomes

The following sections detail the community’s 
achievement for each goal area, summarized 
in Figure 2 above. Each section lists the STAR 
goal, a description of the community’s overall 
performance, and the overall achievement in 
both STAR and categorical scores. Following 
this “snapshot” is a chart that shows the STAR 
and categorical scores for the 5-7 objectives 
in each goal area. Like the chart in Figure 2, 

the top bar (darker solid color) is the STAR 
score for that objective, and the lower bar 
is the categorical score, which is divided 
into the percentage Meeting Target (darker 
striped color) and Partially Meeting Target 
(lighter striped color). Following the charts 
are descriptions of objectives that are nota-
ble achievements, areas for improvement, or 
examples of successful or positive activity in 
the community.

Figure 4. Communities 
certified as 3- -STAR 
Communities, with 
population size.

Figure 5. Communities participating in or certified by STAR Rating System with comparable population size to the Bay Area 
community.
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Discussion

Limitations to the Evaluation

Scoring System:  The STAR assessment is at 
once comprehensive and definite, which pres-
ents both opportunities and challenges. The 
opportunities lie in the ability to synthesize a 
very broad range of data into digestible scores 
that can be easily analyzed and compared. 
The challenges are present in the tendency 
toward “all-or-nothing” scoring; aside from 
the few instances of gradual credit, most 
evaluation measures award all or none of the 
points available. It is important to read the 
STAR scores in the assessment with these cir-
cumstances in mind. In addition, it is helpful 
to use the categorical scoring system to learn 
more nuanced elements of the community’s 
current conditions. Finally, the entire STAR 
assessment—including the STAR score and 

categorical scores—should be read as one 
component of the entire socioeconomic anal-
ysis in Coos Estuary Inventory Project.

Data Availability:  As mentioned in the meth-
od section above, some evaluation measures 
could not be given a score due to a data gap. 
These measures were noted with a “Future” 
or “Pending” status. These data gaps were 
primarily due to two reasons: limited or no 
data collected by the relevant agency or orga-
nization, and inability to fully collect the data 
and complete the analysis given time con-
straints on the project. In the latter case, time 
was often an issue because of disparate data 
sources and limited data availability, requiring 
more extensive data collection. The evalua-
tion measures marked for future evaluation 
only represent 8% of the total. 

Figure 6. Achievement scores (STAR and categorical) by goal area for the Bay Area community.
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These measures do not count  negatively  
against  the  STAR  and  categorical  scores,  
and  thus  are  not  considered  to compro-
mise  the  integrity  of  the  STAR  assessment  
results  and  conclusions.

Overall Current Conditions

The Bay Area community has moderate 
achievement in most goal areas of the STAR 
Rating System. As can be seen in Figure 8, 
the STAR scores and categorical scores differ 
slightly; in each goal area, the STAR score 
is less than the combined categorical score 
of meeting/exceeding or partially meeting 
targets.

As has been discussed in other sections of 
this report, the categorical score provides a 
more nuanced evaluation of the community’s 
current progress in each evaluation measure. 
Therefore, the composition of the categorical 
score varies and it does not always correlate 
to the STAR score. The following sections de-
scribe the community’s level of achievement 
in each goal area.

High  Achievement
The Bay Area community is excelling in two 
categories: Built Environment and Health 
and Safety. The high achievement of 45-50% 
(STAR score) in these goal areas appears to be 
a result of several factors:

1. The  STAR  Rating  System  objectives  
correspond  with  priority  issues  in  the  
community. Both community residents 
and local agencies agree on these priori-
ties and give them adequate and consis-

tent attention to make progress toward 
goals. One example of such a priority is 
having a clean and healthy water source. 
Steps have been taken to ensure that the 
community’s water sources will meet the 
projected demand and due consideration 
has been given to reduce any environ-
mental impact from extracting water 
from the environment.

2. These  objectives  align  with  the  com-
munity’s  inherent  strengths.  The com-
munity is naturally endowed with abun-
dant natural resources and green space. 
Its rural setting promotes less crowding, 
less pollution, and less of a likelihood for 
conflicts among people and with the en-
vironment. These strengths have served 
the community well in reaching many 
benchmarks and have helped preserve air 
and water quality.

3. These areas receive adequate funding to 
support their progress. Since many of the 
high achieving evaluation measures are 
often priorities or mandates of local or 
state agencies, they are often well-fund-
ed. Financial support is a vital element to 
realizing outcomes in these goal areas; 
even a high priority issue cannot be acted 
on if adequate financial support is lacking 
for staff time and other needs.

There are several upcoming and ongoing 
projects in the Built Environment and Health 
and Safety goal areas, which bodes well for 
the future. As such projects are implemented, 
performance in these areas will likely improve 
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even further, and they will continue to be in 
the highest tier of achievement.

Moderate Achievement

The Bay Area community is performing mod-
erately, with STAR scores of 30-35%, in four 
goal areas: Economy and Jobs; Education, 
Arts, and Community; Equity and Empower-
ment; and Natural Systems. The community 
is achieving objectives when conditions are 
similar to those for the high achievement 
category, listed above. When targets are not 
being met, there seem to be one or more of 
the following factors involved:

1. The issue is not a priority for the com-
munity. In some cases, it appears that 
the topic is perceived to be less relevant 
to the community’s situation, potentially 
in regards to the rural setting and small 
population size. In these and other cases, 
there is no mandate by a local or state 
agency, allowing certain issues to receive 
less attention by residents and deci-
sion-makers. One example of the former 
case is the lack of green infrastructure 
in the urban setting (Natural Systems, 
Objective 1: Green Infrastructure). While 
there are plenty of spaces where people 
can access nature and enjoy the outdoors 
in less developed areas within the city 
and in close vicinity to its urban boundar-
ies, the downtown and more developed 
areas have few instances of significant 
green infrastructure, or infrastructure 
created with an explicit purpose to 
provide natural benefits, such as water 
management through permeable surfaces 

or localized cooling through green roofs. 
This disparity may be due in part to the 
abundance of green space (e.g., parks, 
hiking trails) in the outer zones.

2. There is a lack of funding to support 
initiatives. As noted in the previous 
section, adequate funding is necessary 
to implement plans and produce results. 
In certain evaluation measures, the topic 
may have been identified as an area of 
concern or interest, either informally 
among community members or formally 
in government meetings. However,  lack 
of or limited funds prohibits any action 
from being taken. Even if the issue is one 
of measurable concern for the commu-
nity, little or no financial support lowers 
its priority level below other needs that 
are more likely to secure support. One in-
stance of this issue is with arts education 
in schools, which has suffered in recent 
years as public school funding declines 
(Education, Arts, and Community, Objec-
tive 1: Arts and Culture).

3. Steps have  been taken, but without 
making measurable progress. The com-
munity may have taken steps to address 
certain issues, and in some cases robust 
programming is in place to support the 
community. However, the statistics or 
quantifiable indicators of progress in 
these areas, which that would theo-
retically be positively affected by such 
actions, do not show significant improve-
ment, and sometimes show a decline 
in conditions. A notable example of this 
scenario is in the broad range of services 
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provided  for individuals living in poverty 
to aid them in managing finances and 
finding employment, and yet the increase 
in poverty levels in Coos County over 
recent years (Equity and Empowerment, 
Objective 6: Poverty Prevention and Alle-
viation).

4. The timing was not favorable for eval-
uation. For some evaluation measures, 
the community may be taking prelimi-
nary steps to explore the topic or it may 
be an emerging topic of conversation 
among residents and leaders. Howev-
er, no notable action or outcomes have 
been observed or reported at the time of 
evaluation. Some of these measures that 
are undergoing early stages of planning 
or programming were marked for future 
evaluation or an update, such as is the 
case with targeted industry development 
that will be happening in the next couple 
of years, led by the South Coast Develop-
ment Council (Economy and Jobs, Objec-
tive 5: Targeted Industry Development).

5. There  is  a  shift  in  the  political  or  cul-
tural  climate  creating  unfavorable  con-
ditions.  In  some cases, there has been a 
history of action taken by certain entities 
in the community or at least initial steps 
toward taking action. However, a recent 
change in leadership or circumstances 
created a climate within the organization, 
community, or funding sources that is less 
favorable for pursuing plans any further. 
For example, the former county health 
department director had initiated efforts 
to begin a health impact assessment 

(HIA) program (a positive indicator for 
public health), which lost its momentum 
when she retired. In such instances, the 
community may have to wait until there 
is another change that shifts the climate 
back toward more favorable conditions.

Low Achievement

The Bay Area community has considerably 
poor performance in Climate and Energy, 
with an achievement rate of only 15% (STAR 
score). All of the factors listed under the mod-
erate achievement section affect this area as 
well, but a fundamental reason is that climate 
adaptation, greenhouse gas mitigation, and 
resource efficiency has not been identified 
as a local priority with comprehensive and 
systematic action planning. The few efforts 
that have been made are mostly a product 
of state mandates. It is apparent that initial 
conversations have started on one or more of 
the Climate and Energy topics, particularly in 
the context of emergency preparedness and 
sea level rise. As climate change effects are 
felt more strongly and with potential federal 
regulations limiting carbon emissions in the 
near future, these conversations may become 
more central to local and regional community 
planning.  
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Future Directions

The STAR Rating System is a very powerful 
tool that can be used in many ways and at 
many stages in the community development 
process—from assessing current program 
strengths and  weaknesses to identifying new 
priorities and monitoring program effective-

ness. For the local community, this STAR as-
sessment could be valuable to city and county 
agencies, business and industry leaders, com-
munity-based organizations, and residents. 
There are several next steps the community 
could take using this STAR assessment.
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Pursuing STAR Certification

As noted above, the Coos Bay Area commu-
nity has an impressive preliminary STAR score 
given its small population size. It is estimated 
that the community could receive 3-STAR 
certification if it pursued certification. If the 
community wanted to pursue certification, it 
would follow these steps:
 
1. Secure agency support. The STAR Re-

porting System requires extensive data 
from city and county agencies. Creating 
a memorandum of understanding or a 
similar agreement may help create more 
fluidity and efficiency in the assessment 
process and minimize any duplication of 
efforts. Establishing a formal partnership 
with the agencies can ease data requests 
and exchanges and potentially designate 
a portion of agency staff time to assist 
with completing the analysis for certain 
evaluation measures. Securing this level 
of support would be a critical step toward 
successfully completing the STAR as-
sessment to the degree required for the 
certification process.

2. Identify  coordinating  organization  and  
individuals.  While the STAR assessment 
requires many entities to be involved, 
there should be a single leading entity 
and individuals to coordinate the project. 
This may be the Partnership for Coastal 
Watersheds, an offshoot of the PCW, or 
another body altogether.

3. Establish a working committee. Repre-
sentatives from key agency departments, 
utilities, major industries, and community 
groups should be involved to help iden-
tify data sources, secure data, conduct 
analysis, and provide a degree of quality 
assurance/quality control of the data.

4. Coordinate with STAR leadership. The cer-
tification process will involve many steps 
that the staff from STAR Communities will 
assist with. They should be notified that 
the community would like to seek certifi-
cation and they will help identify the path 
forward. Since the Bay Area community 
is unique in the STAR Rating System, in 
that it is neither a city or county agency 
but rather a community collaborative 
group, the STAR staff members will help 
the community navigate the appropriate 
next steps.
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Summary:

 § Community identity is one of the 
most significant sources of social 
capital within the project area. 

 § Ideally, community is what links 
residents to a geographic location, 
as well as to a common set of 
experiences. 

 § Maintaining community social 
capital has become increasingly 
difficult in the project area as 
immigration and work patterns 
have expanded and traditional 
links have broken.

Jon Souder - Coos Watershed Association

Chapter 3: Communities and 
Neighborhoods

Introduction

Humans have always organized themselves 
into communities. Originated as extended 
family groupings, communities evolved into 
groupings around common belief systems, 
locations to provide services to travelers, 
and as a result of place-based employment. 
Today, communities are increasingly frac-
tionalized into groups of people with similar 
interests and outlooks, and through improved 
communication networks, these communities 
have expanded beyond a local or regional 
focus. Integral to the idea of community is 
the identity that aggregates individuals into 
the group; having a common identify should 

allow group decisions to be  made more expe-
ditiously with a higher likelihood of continuity 
over time.

Our coverage will distinguish among different 
levels of communities, focusing on geographic 
connections within the project area. This is 
an arbitrary choice, given that community 
identity could originate from larger realms 
(the United States, Pacific Northwest, Oregon, 
or the Southern Oregon Coast). However, 
focusing on the project area should allow 
for greater depth in analysis, discussion, and 
links to other chapters. In this context, we 

Photos:  Downtown Coos Bay from the water (Top) and aerial of North 
Bend, looking north (Bottom). Credits: Coos Bay Net and Tim Palmer
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will distinguish between “communities” and 
“neighborhoods”:

Communities are outlying populated ar-
eas surrounded by forests and fields. 

Neighborhoods exist as sub-divisions 
within urbanized areas, generally within 
incorporated cities or adjacent to them. 

These—and others—can be considered “com-
munities” in the social sense, but there are 
different levels of government between com-
munities and neighborhoods in the geograph-
ic context. More recently, there are social 
media “communities” that are not necessarily 
place-based, but are interest-based. There are 
many of these in the project area, but are too 
transitory to be addressed here.

Superimposed upon the social considerations 
of “community” is a hierarchy of governmen-
tal units with varying effects. Under the sys-
tem of government in the United States, laws 
and regulations established at higher levels of 
government usually provide an umbrella over 
those at lower levels. Figure 1  shows this hi-
erarchy, with particular emphasis on those at 
the county level and finer. In this chapter we 
will focus on those that define “community” 
in the governmental sense; however, these 
levels of government will play important roles 
in subsequent chapters and discussions.

Communities in the Project Area

Settlement in the Coos Bay region—whether 
by Native Americans or Anglo-Americans—
was usually situated based on access to re-
sources and travel patterns. Native American 
villages where commonly established around 
Coos Bay in the vicinity of stream mouths 
and other locations that had easy access to 
fish and shellfish and game. Similarly, when 
Anglo-American settlement began in the mid-
19th Century, communities were first located 
adjacent to convenient ocean-based transpor-
tation (i.e., Empire), and subsequently often 
grew around sites where modes of transpor-
tation changed, such as Allegany and Sumner, 
where overland wagon roads ended at the 
heads-of-tide and passengers switched to 
boats to continue their journey (or vice-ver-
sa). Communities also grew up around log-
ging camps, especially when families began to 
arrive with their need for schools, churches, 
and post offices. Figure 2 shows the majority 
of the distinct populated communities within 
the project area, including those from early 
settlement that have subsequently died out.

As transportation networks expanded and 
changed, a community’s importance and 
size also changed. For example, the end of 
the Coos Bay Wagon Road from Roseburg 
was originally Sumner, where passengers 
transferred to boat to continue on to Marsh-
field (Coos Bay); and because of this, hotels, 
restaurants, and bathhouses were built 
there to serve travelers. When the road was 
continued to Coos City, access to Marshfield 
through Isthmus Slough proved quicker and 
the need for services in Sumner died. Sub-

Figure 1: The hierarchy of governmental units. 
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sequently, once a ferry was installed at Coos 
City (and later a bridge) to meet the railroad 
and highway, passengers continued on to 
Marshfield, and Coos City became a ghost 
town.

Some communities continued to expand 
and develop because they were adjacent to 
logging camps. Allegany provides perhaps 
the best example of this: in the late 1890s 
and through the early decades of the 20th 
Century, timber along Marlow Creek was 
being logged. A logging camp at the mouth 
of Marlow Creek supported the community 
of Allegany, which was also a turnaround for 
boat traffic and a transfer site to the wagon 
road to Scottsburg. As logging in Marlow 
Creek died out, Weyerhaeuser Timber Co. be-
gan to access its timber in the East Fork Milli-
coma basin and established its logging camp 
on the other side of the Millicoma River. As 
transportation improved, residents in outlying 
communities could more easily access better 
schools and work opportunities in the cities 

of Coos Bay and North Bend, thus leading to 
the closure of many community institutions 
(schools and post offices) as residents began 
commuting to the larger cities rather than liv-
ing and working locally. Currently, commutes 
from outlying communities are relatively 
short compared to state-wide averages and 
big cities (see Table 1).

Community Descriptions

Contemporary communities shown in the 
map on Figure 2 have all evolved over time, 
but their identity is often based on their ori-
gin and events that have occurred in the past. 
Knowing these origin stories is important in 
understanding community identity. Short 
descriptions of these communities are based 
on Oregon Geographic Names, A Century of 
Coos and Curry Counties, and the Coos County 
Comprehensive Plan, and descriptions provid-
ed by Brooke Yussim of Oregon Bay Proper-
ties, LLC. Full citations are provided at the end 
of this chapter.

Figure 2: Communities and populated places in the project area.
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Allegany: Originally called “The Forks” be-
cause of its location at the confluence of the 
East and West Forks of the Millicoma River 
(also called the North Fork of the Coos River), 
the Allegany Post Office was established in 
1893, and remains open with its own ZIP code 
(97407) (Figure 3). There is a store, a church, 
and a few residences. Currently, the old Al-
legany School serves as a community center, 
and there is an active group of supporters in 
the Allegany Parks and Recreation District and 
a community newsletter, “Millicoma Ripples.” 
Allegany provides access to the southern end 
of the Elliott State Forest, Golden and Silver 
Falls State Park, and Nesika County Park, as 
well as to the north end of Weyerhaeuser 
Timber Company’s Millicoma Tree Farm.

This community is primarily a Rural Service 
Center with very few residences. Zoning is Ru-
ral Center (RC), with some surrounding areas 
as RR-2 and the remainder Agriculture and 
Forestry. (CCCP) There are more extensive 
residential developments along the West Fork 
Millicoma Road and the Coos River Highway 
above Allegany on the East Fork Millicoma 
River and Glenn Creek.

Barview: Most likely named for its location 
opposite the opening of Coos Bay into the Pa-
cific Ocean. Barview is a long, linear commu-
nity that has developed on the southeast side 
and adjacent to the lower end of Coos Bay. It 
is primarily residential with a small amount of 
commercial use scattered along Cape Arago 
State Highway. Residential uses are a mixture 
of nice quality homes west of the highway 
and sited on the bay, smaller homes on very 
small lots, and manufactured homes and rec-
reational vehicle parks. There are also a few 
very nice historic homes throughout the area.

Barview is a Census Designated Place (CDP) 
for reporting purposes (Figure 4A). Most of 
the community is zoned Urban Residential-2 
(UR-2); residences west of the highway are all 
zoned Urban Residential-1 (UR-1), and there 
is a small area zoned Urban Restidential-Multi 
Family (UR-M). Two small areas are zoned for 
controlled, commercial development on five 
acre lots (CD-5).

Bunker Hill: Named as a result of the coal 
bunkers nearby, principally on the east on 
Isthmus Slough (although some bunkers 
were on Coalbank Slough). These facilities 
were built for shipping coal from the Bunker 
Hill Mine and the other Newport mines via 
ocean-going vessels. Bunker Hill was platted 
in 1906 for homes by the Flanagan estate. 
A post office called “Bunker Hill” was es-
tablished in 1936 and operated until 1949. 
There is a school called Bunker Hill (presently 
closed), and the district offices of the Oregon 
Department of Forestry are currently located 
in Bunker Hill. Water is provided by the Coos 
Bay/North Bend Water Board, and sewage 
disposal is managed by the Bunker Hill Sani-
tary District, which contracts with the City of 
Coos Bay to treat its effluent.

Bunker Hill is a Census Designated Place (CDP) 
(Figure 4B). It is primarily residential to the 
south and east of U.S. 101, with zoning as 
Urban Residential Single Family (UR 1); Urban 
Residential Mobile Homes, Duplexes, or 
Planned Unit Development (UR-2); or Urban 
Residential Multi-family (UR-M). About 50% is 
zoned UR-1. Commercial uses along U.S. 101 
are zoned Commercial (C-1), and Industrial 

Table 1: Commuting distances and times to/from 
various communities. Distances and times are 
based on AAA TripTik® routings from a central point 
in the community to the junction of Newmark Ave. 
and Broadway/Woodland.
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The Oregon International Port of Coos Bay, 
the U.S. Coast Guard, and the University of 
Oregon. The Port operates the Charleston 
Marina, serving commercial and sport fishing 
vessels, including docks, launch ramps, an 
ice facility, an RV Park, and storage units. The 
Charleston Shipyard hosts three boat builders 
(Giddings Marine, Tarheel Aluminum, and 
Skallerud Marine), as well as a repair yard 
and dry storage. The University of Oregon’s 
Institute of Marine Biology (OIMB) was built 
on the former site of the housing for work-
ers constructing the jetties at the mouth of 
Coos Bay, and provides facilities for seven 
research faculty, graduate students, and vis-
iting scientists. OIMB also provides graduate, 
undergraduate, and summer courses and has 
two research vessels, a library, laboratories, 
and housing. The Coast Guard presence in 
Charleston consists of two units: the Aids To 
Navigation team of 9 personnel and 1 reserv-
ist, that covers 240 miles of the Oregon coast 
and includes 5 lighthouses, 18 primary buoys, 
43 secondary buoys, and 156 other lights, day 
beacons, and fog signals; the Motor Life Boat 
Station Coos Bay that has provided search 
and rescue operations from Coos Bay to Cape 
Blanco for over a hundred years (an older 
life boat facility constructed in 1915 is now 
owned by OIMB [known as the “Boathouse”] 
and is used for public presentations). The 
current Motor Life Boat Station was con-
structed in 1968, and is currently supported 
by 39 personnel and hosts two 47’ and one 

Figure 3:  Allegany Rural Service 
Center (RSC) and surrounding com-
munity, including the community 
center and post office.

(IND). North of U.S. 101 and between the IND 
zoned areas is land zoned Control Develop-
ment-5 (CD-5), although most are small lots 
with residences.

Charleston: Charleston is a small fishing 
community located southwest of Coos Bay 
on both sides of Cape Arago State Highway 
240, at the confluence of South Slough and 
the Coos Bay estuary close to its exit into the 
Pacific Ocean (Figure 4C). Charleston provides 
access to Cape Arago, Sunset Bay, and Shore 
Acres State Parks, as well as to Bastendorff 
County Park. The community was named for 
Charles Haskel, who is said to have taken up a 
claim at the mouth of South Slough in 1853. 
The Charleston Post Office was not estab-
lished until 1924, but continues to operate 
under the Coos Bay ZIP code (97420). Charles-
ton previously had an elementary school, but 
this was closed in the summer of 2002 and 
subsequently sold to private individuals; how-
ever, the gymnasium is still used for commu-
nity events such as Octoberfish. The densely 
populated areas of Charleston are served by 
the Coos Bay/North Bend Water Board; the 
Charleston Sanitary District provides sewage 
service.

The commercial and most of the industrial 
areas of Charleston are zoned Commercial (C-
1). The remainder of the community is zoned 
Urban Residential (UR-2) (CCCP). Much of the 
property in Charleston is publicly-owned by 
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52’ vessels (the Intrepid motor life boats). The 
Coast Guard also owns an 8-plex and duplex 
housing facility in Charleston for their North 
Bend Sector personnel.

Glasgow: A small community on the north 
side of Coos Bay, Glasgow was started by 
speculators in the 1890s and then languished 
for 30 years until the construction of the Ore-
gon Coast Highway, at which point it became 
the northern terminus of the Coos Bay ferry. 
The original promoters were the Pacific Coal 
& Transportation Co. Once the McCullough 
Bridge was opened in 1936, Glasgow be-
came a suburban community to the cities of 
North Bend and Coos Bay. Glasgow retains 
its historic Grange Hall, a fire station, and a 
small grocery store with a gas pump. Glasgow 
is provided with drinking water by the Coos 
Bay/North Bend Water Board, but all resi-
dences and businesses use individual on-site 
septic systems for sewage disposal.

Glasgow is a Census Designated Place (CDP) 
for reporting purposes (Figure 4D). Approx-
imately one-third of the central part of the 
community is zoned Rural Center (RC). The 
motel and restaurant are zoned Commercial 
and the remainder of the community is zoned 
rural Residential-2 (RR-2).

Green Acres: Green Acres is a small commu-
nity between Coquille and Coos Bay, east 
of State Highway 42 and the railroad tracks, 
where Noble Creek broadens into Isthmus 
Slough (Figure 5). The area that is now Green 
Acres was originally a 700-acre farm home-
steaded by master shipbuilder John Kruse, a 
Danish immigrant, in the late 19th century. 
Today the community has a Grange Hall, a 
volunteer fire department, and a community 
church. The community formerly had a school 
in the Coos Bay School District that closed in 
1985. Green Acres is also home to the Noble 
Creek Fish Hatchery, operated by the Coos 
River Salmon Trout Enhancement Program 
(STEP).

Existing residential uses are on small to one-
acre parcels adjacent to the school and the 
other public and industrial uses, which are all 
within the Rural Center (RC) zone. Adjacent 
residential areas are zoned Rural Residential-2 
(RR-2). The community boundary includes all 
lands currently zoned Rural Center (RC), Rural 
Residential-2 (RR-2), and tax lot 800 zoned 
Industrial (IND) east of OR 42. (CCCP)

Hauser: Originally called “North Sough,” the 
name was changed to Hauser because the old 
name suggested “miasmatic surroundings” 
(i.e., morasses, swamps, or bad drainage 
that was thought in the late 1800s and early 
1900s to change the electrical condition of 

Figure 5:  Green Acres Rural 
Community (RC) comprising 
residential, commercial and 
industrial properties.
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the surrounding atmosphere, causing fevers). 
Established as a station north of Coos Bay 
on the Southern Pacific railroad, it is named 
for Eric V. Hauser of Portland, who had a 
construction contract for the railroad around 
1914. The Hauser Post Office opened in 1915 
and closed in 1957. The first known cranber-
ry bog on the West Coast, built in 1885 by 
Charles D. McFarlin of Massachusetts, was in 
Hauser. The North Bay Elementary School of 
the North Bend School District is located in 
Hauser, as is the Hauser Rural Fire District and 
the Hauser Community Church. Hauser has a 
number of businesses catering to the Oregon 
Dunes National Recreation Area, and Riley 
Ranch County Park is just north. Industry in 
Hauser consists of the Coos Head and Conrad 
wood preservation treatment facilities.

Hauser is a linear, primarily residential com-
munity that evolved along Old Highway 101 
and is comprised of a range of lot sizes (Figure 
6A). Approximately three-quarters of the 
land along Old Highway 101 is zoned Rural 
Center (RC). The northern one-quarter and 
the lands east of the Rural Center designation 
are zoned Rural Residential-2 (RR-2). The land 
east of the current Highway 101 paralleling 
the Rural Center designation is zoned Indus-
trial. All of the land between old Highway 101 

and new Highway 101, including the lands 
designated Industrial (IND), are in the pro-
posed community boundary, including the 
developed portions of the land zoned Rural 
Residential-2 (RR-2). The Myrtlewood Factory 
west of Highway 101 is also included.

Millington: Originally called “Flag Pole,” 
Millington is primarily a residential area 
developed at urban densities immediately 
south of Bunker Hill and the City of Coos Bay 
(Figure 6B). Millington once had a school 
(Coos County School District 18), and present-
ly has a Rural Fire Department. In addition to 
the residential areas, there are two existing 
commercial enterprises and a fire station on 
the west side of U.S. 101. There are two wood 
products facilities on the east side of U.S. 
101, as well as two construction companies, 
a concrete batch facility, and storage areas 
for logs and log trucks. Most of Millington is 
zoned Urban Residential-2 (UR-2). Two areas 
east of U.S. 101 are zoned industrial, and sev-
eral small areas are zoned Commerical-1 (C-1) 
on the west side of US. 101. There is also a 
large area zoned Exclusive Farm Use (EFU) 
that is currently vacant and undeveloped; a 
large area outside of the existing Urban Area 
Boundary, and west of the community is 
zoned RR-2.

A B

Figure 6:  Rural Communities of Hauser (A, left) and Millington (B, above). 
Hauser runs alongside U.S. 101 in the northern end of the project area while 
Millington follows U.S. 101 in south of the City of Coos Bay.
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Sumner: Located on the Coos Bay Wagon 
Road (Figure 7), which at one point was its 
terminus where passengers shifted to boats 
to reach the city of Coos Bay (Marshfield) 
via Catching Slough, Sumner was allegedly 
founded in 1888 by John B. Dalley and named 
for Charles Sumner (1811-1876), an antislav-
ery politician and Massachusetts senator. The 
Sumner Post Office was established in 1874, 
with Dalley as the first postmaster, and closed 
at the end of 1961. Sumner had an elemen-
tary school that closed in 1985 as a result of 
budget difficulties in the Coos Bay School Dis-
trict. There is a private water system (Sumner 
Water Co-op) that serves an estimated 24 
people using a spring for its source. Sewage is 
treated on-site by individual property owners. 
The Sumner Rural Fire District provides fire 
protection.

All Sumner lands are currently zoned Rural 
Center (RC) or Rural Residential-2 (RR-2) 
(CCCP).

Sunny Hill: Predominantly a residential com-
munity beginning on the east side of U.S. 101 
immediately south of Hauser, the Sunny Hill 
community is spread out in a southeasterly 
direction over a series of rolling hills along 
North Bay Drive, a section of the original 
Oregon Coast Highway (Figure 8). Sunny Hill 
had an elementary school in the North Bend 
District, which is now a day-care center with 

space for community events. There is also a 
privately-owned airplane landing strip, built 
in 1970 and owned by Gary Femling and John 
Carr.

Sunny Hill is all zoned Rural Residential-2 
(RR-2) with the exception of two areas zoned 
for industrial use, one at the northern end 
and one at the southern end. There are a few 
smaller commercial, industrial, and public 
uses along North Bay Drive (and the Conrad 
wood treatment facility might be within the 
designated community). 

Communities in Land Use Planning  

The State of Oregon gained oversight of local 
land use planning and zoning with passage of 
Senate Bill 100 in 1973; ultimately, counties 
and cities were required to create compre-
hensive plans to meet a set of 19 state-wide 
goals. The logic underlying the land use plans 
was—in the words of then-governor Tom 
McCall—to prevent “sagebrush subdivisions, 
coastal condo-mania, and the ravenous 
rampages of suburbia.” This was to be done 
by protecting agricultural lands (Goal 3) and 
forest lands (Goal 4) from urbanization (Goal 
14) through the creation of Urban Growth 
Boundaries to contain development.

County Comprehensive Plans separated pop-
ulated areas outside incorporated cities into 

Figure 7:  The Sumner Rural 
Community (RC) at the head of 
Catching Slough.
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two major types, Unincorporated Communi-
ties and Urban Unincorporated Communities 
using definitions found in OAR 660-022-10:

“Unincorporated Community” means a 
settlement with all of the following charac-
teristics:

(a) It is made up primarily of lands sub-
ject to an exception to Statewide Plan-
ning Goal 3, Goal 4 or both;

(b) It was either identified in a county’s 
acknowledged comprehensive plan as a 
“rural community,” “service center,” “ru-
ral center,” “resort community,” or similar 
term before this division was adopted 
(October 28, 1994), or it is listed in the 
Department of Land Conservation and 
Development’s January 30, 1997, “Survey 
of Oregon’s Unincorporated Communi-
ties”;

(c) It lies outside the urban growth 
boundary of any city;

(d) It is not incorporated as a city; and

(e) It met the definition of one of the 
four types of unincorporated communi-
ties in sections (6) through (9) of this rule 
[Resort Community, Urban Unincorpo-

rated Community, Rural Community, and 
Rural Service Center], and included the 
uses described in those definitions, prior 
to the adoption of this division (October 
28, 1994).

“Urban Unincorporated Community” is an 
unincorporated community which has the 
following characteristics:

(a) Include at least 150 permanent resi-
dential dwellings units;

(b) Contains a mixture of land uses, 
including three or more public, commer-
cial, or industrial land uses;

(c) Includes areas served by a community 
sewer system; and

(d) Includes areas served by a community 
water system.

Of the four categories of Unincorporated 
Communities found in (e) above, Coos County 
has designated three types; the fourth, Resort 
Communities, that would usually apply to 
developments such as Bandon Dunes is not 
used in the Comprehensive Plan because it 
was approved as an “Exception” with its own 
zoning system.  

Figure 8:  The Sunny Hill 
Rural Community (RC) between 
Glasgow and Hauser.



3-11Communities and Neighborhoods

“Rural Service Center” is an unincorporated 
community consisting primarily of com-
mercial or industrial uses providing goods 
and services to the surrounding rural area 
or to persons traveling through the area, 
but which also includes some permanent 
residential dwellings.

“Urban Unincorporated Community” is an 
unincorporated community which has the 
following characteristics:

(a) Include at least 150 permanent resi-
dential dwellings units;

(b) Contains a mixture of land uses, 
including three or more public, commer-
cial, or industrial land uses;

(c) Includes areas served by a community 
sewer system; and

(d) Includes areas served by a community 
water system.

“Rural Community” is an unincorporat-
ed community which consists primarily 
of permanent residential dwellings but 
also has at least two other land uses that 
provide commercial, industrial, or public 
uses (including but not limited to schools, 
churches, Grange halls, post offices) to the 
community, the surrounding rural area, or 
to persons traveling through the area.

These community designations were used 
in the original Coos County Comprehensive 
Plan, approved in 1984. The latest version of 
the plan (updated through 1997) identifies 
Barview, Bunker Hill, and Charleston as “Ur-
ban Unincorporated Communities”; Glasgow, 
Green Acres, Hauser, Millington, Sumner and 
Sunny Hill are classified as “Rural Unincorpo-
rated Communities”; and Allegany is consid-
ered a “Rural Service Center.” The present-day 
(circa 2010) situation in each of these com-
munities, based on the OAR 660-022 criteria, 
is shown in Table 2.

Table 2:  Community characteristics used to determine status under OAR 660-022.
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Neighborhoods in the Project Area

Just as outlying communities within the proj-
ect area have identities, so do neighborhoods 
within, and adjacent to, the cities of Coos Bay 
and North Bend. Nowhere has this identity 
been more apparent than in the debates 
surrounding consolidation among the cities of 
Marshfield, Empire, Eastside, and North Bend 
(Whitty 2012). In 1943, when the first consoli-
dation vote to combine Marshfield and North 
Bend into a new City called Coos Bay failed 
to pass in North Bend, the city of Marshfield 
unilaterally renamed itself Coos Bay in 1944. 
Similar consolidation votes (and results) 
occurred in 1962, 1967, 1983, and 2004, with 
North Bend failing to approve consolida-
tion each time. After the 1962 vote, Empire 
merged with Coos Bay in 1965; and Eastside 
decided to merge with Coos Bay as well after 
the 1983 vote.

Here, we consider neighborhoods as geo-
graphically-specific areas within urbanized 
areas, whether within or outside of incor-
porated city limits. Our investigations deter-
mined that there was no officially-designated 
set of neighborhoods. One local real estate 
company, Oregon Bay Properties, has devel-
oped descriptions for these neighborhoods 
that we used as a starting point; we appre-
ciate Brooke Yussim’s willingness to share 
their work. These were then reconciled with 
the 2010 U.S. Census blocks so that detailed 
neighborhood-specific, demographic infor-
mation can be provided. Thus, these neigh-
borhoods provide the basic reporting unit in 
subsequent chapters.

Figure 9 displays a map with our neighbor-
hood determinations. Neighborhood map 
shows the various urbanized areas, with the 
boundary of the cities (which is also the ur-
ban growth boundary). Descriptions of these 
neighborhoods are provided below.

North Bend and its Neighborhoods

The town of North Bend, incorporated in 
1903, is named for the position its land plat 
holds in the Coos Bay waterway. Its popu-
lation of nearly 10,000 residents enjoys the 

mild climate of the Southern Oregon Coast, as 
well as its beautiful sunsets and outdoor rec-
reational opportunities. Fiercely independent 
in its identity separate from its close neigh-
bor, Coos Bay, the city revels in its founding 
every year during its July Jubilee festivities, 
celebrating more than 100 years of vibrant 
history.

The abundant natural resources (chiefly 
lumber, coal, and fish) drew ambitious entre-
preneurs to the area in the mid-1800s, which 
quickly established the town’s industrial be-
ginnings. What started as a rowdy, blue collar 
town with saloons and brothels had been 
tamed by the turn of the century by the pres-
ence of families, social clubs, and churches. 
While logging and fishing remain important 
industries, their declines have made room for 
other draws to this area, such as RV-ing, dune 
riding (ATVs), shopping, and the casino indus-
try. North Bend neighborhoods are shown in 
Figure 10.

Airport Heights: This neighborhood is named 
for its location near the Southwest Oregon 
Regional Airport (originally named North 
Bend Airport), established in 1940. The neigh-
borhood is roughly bordered on the south by 
Virginia Avenue, the north and east by the 
airport and a U. S. Coast Guard Air Station, 
and the west by the city limits (just beyond 
Channel Street).

The neighborhood is within easy walking dis-
tance of North Bend’s main shopping district, 
which includes the Pony Village Mall. Some 
highlights of Airport Heights include a neigh-
borhood market (Airport Heights Market), 
Airport Heights Park, North Bend Senior Ac-
tivity Center, and a paved walking path (near 
the Bureau of Land Management Offices). 
Coos Bay and the McCullough Bridge make 
for beautiful views from many areas in this 
neighborhood. The oldest homes in this area 
are located primarily in the north central por-
tion of the neighborhood and later construc-
tion fanned out south, east, and west, with 
the newest construction in the southern and 
western portions. Most homes are of wooden 
construction, but there are a small number of 
newer (1995 and later) manufactured homes, 
as well.
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Sherman Heights/Pony Creek: The Sherman 
Heights/Pony Creek area comprises the heart 
of North Bend as it consists of a good portion 
of the downtown area as well as the prima-
ry shopping district. Covering the southeast 
quadrant of the city, including the Edgewood 
Subdivision, the neighborhood is bordered by 
the bay on the east, Virginia Avenue to the 
north, Broadway Avenue on the west, and the 
city limits (just north of Thompson Rd.) on 
the south.

In the 1950s and 1960s, and the early 1970s, 
the wetlands and tidal areas along Pony Creek 
were filled in and developed, providing land 
to build the North Bend High School and Mid-
dle School, as well as the Pony Village Mall. 
Pony Village Mall is the largest indoor mall on 
the Oregon coast, built in 1960. All but one 
North Bend School is within this neighbor-
hood, as are the greatest number of arts and 
entertainment options (Pony Village Cinema, 
Little Theater on the Bay, and North Bend 
Lanes, to name a few). Most of the city’s 
churches and restaurants are also located 
here.

The homes in the Sherman Heights area were 
built primarily in the first half of the 20th 
Century, with a few exceptions. In and around 
the Pony Creek area and the Edgewood Sub-
division, the homes are latter 20th Century 
vintage with a scattered few constructed in 
the last 10 years. Most homes are of wooden 
construction, and vary widely in style, de-
pending greatly upon the year constructed.

Simpson Heights: What started as the original 
Simpson Company town site, with a lumber 
mill and a shipyard (dating back to 1857 and 
1858, respectively), is now a quiet neighbor-
hood with beautiful homes, many of which 
command spectacular bay views. The neigh-
borhood is bordered on the north and east 
by the north bend of the Coos Bay, the west 
by Pony Slough, and the south by Virginia 
Avenue. The neighborhood boasts three 
parks, and one of only a few neon signs still 
allowed to span a state highway (“Welcome 
to North Bend” – installed in 1936), as well as 
the North Bend Information Center. There is 
a scenic walking trail that extends from Ferry 

Road Park to Simpson Park, a boat ramp, and 
the North Bend Boardwalk. A neighborhood 
market and meat processor (Ashworth’s) also 
serves the residents of this area. 

The homes in this area were built primari-
ly in the first half of the 20th Century, with 
few exceptions. Most homes are of wooden 
construction, with a distinctly craftsman or 
Victorian style evident in homes built in the 
early 1900s. Another high concentration of 
construction occurred from the mid-1940s to 
the mid-1950s, and reflecting the bungalow 
or ranch styles.

West North Bend: The lumber boom in the 
1970s caused a significant growth for North 
Bend, spurring construction of many new 
homes in the West North Bend neighbor-
hood. Covering the southwest quadrant of 
the city, between Pony Slough and the Empire 
Lakes area, the neighborhood is roughly 
bordered by the city limits on the south (just 
south of Lynne Drive), the city limits on the 
west (which skirts the Empire Lakes area 
along Fir St., then juts further west towards 
Crocker St., north of the lakes), Virginia Ave-
nue to the north, and Broadway Avenue on 
the east.

The homes in this neighborhood were con-
structed as early as the 1930s, with the most 
prolific construction period occurring during 
the lumber boom of the 1970s. However, 
most of the newest developments in North 
Bend are in this western part of town, as well. 
Most homes are of wooden construction, al-
though manufactured homes started making 
an appearance in the 1990s and comprise a 
small percentage of the homes in this area. A 
secondary retail district with several restau-
rants is located on the southern portion of 
this neighborhood along Newmark Avenue. 
Also located in this area are several churches, 
two parks, one private school, and the town’s 
Community Center, chiefly along either 
Broadway or Newmark Avenues.
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Coos Bay and its Neighborhoods

The town of Coos Bay is named after the body 
of water along which it lies. Formerly known 
as Marshfield (after the Massachusetts home 
town of its founder), this community was 
established in 1853 and officially renamed in 
1944. The region saw significant growth in 
its population from 1910 through the 1930s. 
However, it was the lumber boom of the late 
1960s to early 1970s that nearly doubled the 
population. The area’s more diversified indus-
tries now include tourism, retail and service 
providers (especially health care), and tech-
nology. Coos Bay neighborhoods are shown in 
Figures 11 and 12.

Central Coos Bay: This neighborhood compris-
es downtown Coos Bay and the majority of 
the original residential area of what was once 
known as Marshfield. Central is the main 
business and retail area of Coos Bay, and as 
such, includes many restaurants and public 
buildings. The neighborhood is bordered on 
the north by Central Avenue, on the east by 
the bay, on the south by Johnson Avenue, and 
the west by Anderson Avenue.

Most of the original commercial buildings in 
downtown Coos Bay were built at the turn of 
the 20th Century (late 1800s/early 1900s). 
The downtown area, originally located on 
Front Street (the waterfront), rapidly began 
expanding westward following the construc-
tion of the Chandler Hotel in 1909. By the 
mid-1920s, the heart of downtown Coos Bay 
was finally centered three blocks west of its 
original location, due in part to a devastating 
fire in July 1922 that destroyed most of the 
wood frame (as well as some of the brick) 
structures along Front Street. Homes in this 
neighborhood were built from the 1890s to 
the 1950s, and range from the more modest 
1920s or 1930s bungalow, to the early 20th 
Century traditional style and to the mid-20th 
Century ranch style home. 

Eastside: The Eastside neighborhood was 
once known as East Marshfield for its position 
on the east side of the bay. The East Marsh-
field Post Office was established in 1891 and 
operated intermittently until 1908. The com-

munity of Eastside merged with the town of 
Coos Bay in 1983. Eastside is surrounded by 
water on three sides (Coos Bay – the Marsh-
field Channel to the north, Catching Slough 
to the east, and Isthmus Slough to the west). 
The southern border of Eastside is the city 
limits, which follows I Street.

Eastside is a small community, served by 
a couple of restaurants and churches, and 
a convenience store. The Eastside district 
has a large residential area with water and 
city views from many of the properties. The 
majority of the homes in this neighborhood 
were built in the traditional or ranch style 
in the mid-20th Century. More custom and 
contemporary designs started showing up in 
the late 1970s, and some newer manufac-
tured homes are present, as well. There are 
two parks (Eastside Park and Windy Hill Park), 
and a public boat ramp is located at the west 
end of D Street. There are an elementary and 
a middle school; Eastside is also the current 
home of the Pacific School of Dance, which 
focuses on ballet. 

Empire: When Coos Bay Company settlers 
came to the area in 1853 they used the 
Indian village of Hanasitc as a town site and 
named it Empire City. It served as the Coun-
ty seat until 1896 when the citizens of Coos 
County voted to move the seat to the town 
of Coquille. Empire City was the site of the 
first Post Office (established in 1858) to serve 
the Coos County area. In 1894, Empire City 
changed its name to simply Empire; it was 
incorporated into the town of Coos Bay by 
popular vote in 1965. The neighborhood is 
bordered on the north and west by the bay, 
the east by Schoneman Street, on the south 
by the Coos Bay city limits that include the 
Bay Way Trailer Park just south of Wisconsin 
Ave/Cameron Rd. 

Empire has its own public boat ramp, several 
RV parks, a small neighborhood park with 
playground (Taylor/Wasson), and elementary 
and middle schools. The future site of The 
Hollering Place Development (a project of 
the Confederated Tribes of the Coos, Lower 
Umpqua, and Siuslaw Indians) is located on 
the bluff above the channel, and will radically 
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change the area if it comes to fruition. Homes 
existing in this area were built primarily 
between 1945 and 1955, and are of modest 
construction reflecting the ranch or bungalow 
style. Another burst of construction occurred 
in the late 1970s, and manufactured homes 
began to show up about that time, too. There 
are a handful of homes from the late 19th 
Century that also remain.

Empire Lakes: The Empire Lakes neighbor-
hood encompasses a residential area (to the 
north and south), the local community college 
campus (on the east side), and the large John 
Topits Park that contains three lakes (one, 
“Upper Empire Lake,” is the northernmost 
arm of “Middle Empire Lake”). The neighbor-
hood is bordered on the north by the bay, on 
the west by Schoneman and Taylor Streets, 
on the south by Newmark Avenue, and on 
the east by Fir Street alongside the park, and 
Crocker Street north of the park. 

A central feature of Empire Lakes, Southwest-
ern Oregon Community College was estab-
lished in 1959, and is the oldest community 
college in the State of Oregon. The homes 
in this area were built primarily in the 1970s 
and 1980s in the ranch style. However, some 
homes bordering the north side of the park 
date back to the 1950s. There are also small 
pockets of newer construction built in the last 
15 years, as well as a few newer manufac-
tured homes.

Englewood/Libby: This neighborhood is 
located south and west of the Coos Bay town 
center. The name Libby is said to have come 
from the daughter of a Coos Indian headman 
that once lived in the area. The original town 
of Libby grew through benefit of the coal 
mines in the area, particularly the Eastport 
mine. The Englewood/Libby neighborhood is 
bordered on the north by Johnson Avenue, 
the east and south by Coalbank Slough and its 
tributaries, and the west by Nichols Road.

There is a largely industrial area in the west-
ern portion of the neighborhood, with vehicle 
repair, RV sales, warehouses, trucking distri-
bution centers, and small machine retailers, 
as well as plumbing, heating, and electrical 

companies. Commercial establishments also 
include the local Department of Motor Vehi-
cles and major grocery retailers. The neigh-
borhood’s main residential area has a decid-
edly rural backdrop of views of the slough and 
lowlands to the east, and gradually climbing, 
wooded hills to the south and west. Lots are 
generally larger than the standard 50 X 100’ 
city size, with many homes on parcels of an 
acre or more. Homes in this neighborhood 
are modest in style and size, with the early 
20th Century bungalow and cottage styles 
common, as is the day ranch style (due to the 
hilly terrain).

Hospital Park/Milner Crest: This neighbor-
hood is where the majority of Coos Bay and 
North Bend’s current medical facilities are 
located, with Bay Area Hospital (opened in 
1974) being the centerpiece. Milner Crest re-
fers to the crest of an elevated portion of the 
neighborhood overlooking the Coos Bay. The 
neighborhood is bordered on the north by 
the city limits just north of Thompson Road, 
on the east by Highway 101, on the south 
by Greenwood Avenue, and on the west by 
Woodland Drive and Ocean Boulevard.

Besides being the home of numerous clin-
ics, labs and medical offices, this neighbor-
hood also has many stores and offices along 
Woodland Boulevard below the Hospital. The 
Milner Crest area is a highly desirable resi-
dential area filled with quiet streets and some 
bay view homes. The majority of the homes 
in this neighborhood were built in the mid-
20th Century; architectural styles range from 
1940s traditional to 1950s rambler to 1950-
1960s ranch or day ranch.

Radar Hill/Ocean Blvd: This neighborhood is 
largely dominated by the Pony Creek Reser-
voir and Merritt Lake. The residential area in 
this neighborhood forms a loose horseshoe 
shape to the north and is bordered on the 
north by Newmark Avenue, to the east by Fir 
Street, Woodland Drive, and Ocean Terrace, 
to the south by Ocean Boulevard, and to the 
west by Fillmore and Schoneman Streets. The 
office and clinic of the Confederated Tribes of 
the Coos, Lower Umpqua, and Siuslaw Indians 
is in this neighborhood.



3-20 Communities and Neighborhoods 

There are several mobile home parks in this 
area; all but one are for residents aged 55 
and older. Additionally, there are a couple of 
assisted living facilities, as well as a nursing 
home, and The Boys & Girls Club of Coos Bay 
is located just north of Ocean Boulevard. Busi-
nesses in this area are located along Ocean 
Boulevard and Newmark Avenue. The Radar 
Hill residential area comprises the western leg 
of the horseshoe and features bay and ocean 
views from many of the homes. Existing 
homes in this neighborhood were construct-
ed from 1950 to 1990, with manufactured 
homes on land beginning to appear in the late 
1990s. Recent construction has materialized 
in the Radar Hill area largely in two separate 
developments. The Pacific Crest, at the top 
of the hill, offers contemporary style homes; 
while Lighthouse Estates, at the base of Radar 
Hill, is comprised of more moderately priced, 
craftsman style homes on smaller lots.

Telegraph Hill/Mingus Park: This neighbor-
hood is the smallest in Coos Bay and has 
Mingus Park at its center. Mingus Park was 
originally called Marshfield Park; it was 
established in 1925 and renamed in 1937 to 
honor Dr. Everett Mingus, a local resident re-
sponsible for the park’s further development. 
Telegraph Hill is a summit overlooking the 
Coos Bay with a peak elevation of 282’ above 
sea level. This neighborhood is bordered on 
the north by Greenwood Avenue, the east by 
Bayshore Drive, the south by Central Avenue;  
the western border is located just west of and 
follows Ocean Boulevard.

Spectacular bay views dominate to the east, 
city views stretch out to the south, and pas-
toral views of the park roll out to the west. 
The neighborhood also offers several lodging 
options, a bistro, and The Marshfield Sun 
Printing museum on the frontage to U.S. 101, 
and the new Coos History Museum is planned 
for the waterfront at the northeast corner of 
this neighborhood. Most of the homes in this 
neighborhood were built in the 1950s, 1960s 
and 1970s and are of a ranch or custom de-
sign. Homes that were built in the early 20th 
Century border Mingus Park, along with some 
homes of contemporary design built in the 
1990s that overlook the Park and downtown.

Summary

Communities in the project area developed 
as a result of their locations vis-à-vis natu-
ral resources, industry, or where changes in 
modes of transportation occurred (i.e., from 
stagecoaches to boats at the heads-of-tide). 
Communities waxed and wanted as these 
resources and industries played out, and as 
advances in transportation made traveling 
easier. Yet, these communities still retain their 
own history, character, and identity: when 
asked where they live, most residents readily 
name their community or neighborhood, of-
tentimes adding where they grew up as well.

Improvements in transportation expanded 
the tolerable distance between housing and 
work, schools, shopping, and other ser-
vices. Changes in transportation, along with 
increased populations, contributed to the 
growth of the cities of Marshfield and North 
Bend. The merging of Marshfield, Empire and 
Eastside into the City of Coos Bay provided 
further consolidation into a single urbanized 
area. These original, independent, communi-
ties and cities became the basis for many of 
the neighborhoods discussed in this chapter; 
while other neighborhoods grew through 
land platting and development. 

The project area is diverse and heteroge-
neous, both within neighborhoods as well as 
between them. This diversity will be highlight-
ed in Chapter 4: Community Demographics, 
relying upon the 2010 U.S. Census demo-
graphic and housing information reported at 
the Block level, aggregated by neighborhood. 
Neighborhoods will also be the primary 
reporting unit for Chapter 5: Zoning and Land 
Use as well. Finally, in Chapter 7: Schools and 
Education we will see the pattern of local 
community schools consolidating into larger, 
unified school districts as evidence of how 
transportation has affected the socio-eco-
nomic context of the project area.
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Summary:

 § In the project area, the greatest 
land use is private forestry (53%), 
with government using another 
33%, agriculture 6% and residential, 
commercial, and industrial, combined 
using 7%.  

 § As the local economy has changed in 
the thirty years since the adoption of 
the Coos County Comprehensive Plan, 
the constraints imposed by landuse 
allocations made in the early 1980s—
reflecting economic conditions and 
knowledge available at that time—may 
no longer best meet the community’s 
emerging needs.  

 § The estuary plays a significant role in 
existing and prospective land uses.

Jon Souder - Coos Watershed Association

Chapter 5: Zoning and Land 
Use

Introduction

This chapter provides an overview of land 
uses and zoning, highlighting the diversity re-
flecting the urban to rural to wildland nature 
of the area.  

Zoning defines the allowable use(s) on a 
parcel of property, be it raw land, residential, 
commercial or industrial; while “land use” 
identifies what is currently on the parcel. 
Zoning looks prospectively at desirable uses 
of land, identifying outright permissible 
uses, uses conditioned upon meeting certain 
criteria, as well as potentially a host of criteria 

regulating features such as height, setbacks, 
parking requirements, etc. In contrast, land 
uses are indicative of the history of the piece 
of property as reflected in its current usage. 
In many cases, these historic uses would not 
necessarily be allowed under the current zon-
ing codes—they are termed “legal non-con-
forming”—because they were established 
prior to zoning or permitted under previous 
zoning ordinance. We will divide our discus-
sion between zoning designations and current 
land uses. Additional information on land 
use as related to housing will be provided 

Top:  Aerial of Coos Bay and North Bend, Credit: Coos Bay Properties 
Bottom: Boundaries of the Coos Bay Estuary Management Plan
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in Chapter 4: Community Demographics. In 
addition, Land Cover for the project area is 
described in Chapter 8: Physical Description of 
the Coos Estuary and Lower Coos Watershed.

Zoning in the Project Area The Coos County 
Comprehensive Plan (CCCP) is the local ordi-
nance that implements the state’s planning 
system for areas outside the  incorporated 
cities. The CCCP was first approved by the 
county commissioners in March, 1985, and 
was intended to govern the management of 
land and water areas in unincorporated areas 
outside the area covered by the two estuary 
plans (Coos Bay and Coquille River), i.e. the 
“balance of county,” for the period from 1980 
to 2000 (Coos County Planning Department 
1985b).  Periodic review was completed in 
1999 but some of the inventories were not 
updated due to lack of growth and the ex-
pense involved with a comprehensive update 
of the CCCP, its duration has been extended 
through the present time.

Each land parcel is classified for one or more 
uses. Both the county and the two cities have 
general zoning maps with boundaries general-
ly corresponding to the land parcels; however, 
in some cases, a property will be “split-zoned” 
where a portion has one allowable use while 
the remainder has another. This is most 
common with parcels split-zoned for forestry/

agriculture. There are also significant num-
bers of parcels where the existing uses are 
“non-conforming” with the zoning classifica-
tion because the zoning classification was ap-
plied. There are several non-conforming legal 
parcels as the land was platted in anticipation 
of rural development but due to soils classifi-
cations or pattern of residential uses the land 
was not zoned for residential use.  

Zoning is generally broken into seven general 
categories as shown in Figure 1. It’s obvious 
in from the percentages and Table 1 that the 
project area is largely rural, with resource 
land (forestry and agriculture) predominating 
(82%), with the next most common category 
being the zoning overlay for the Coos Bay Es-
tuary Management Plan (7%). Parks and open 
space contribute another 5% of zoned lands 
within the project area. Zoning for more in-
tensive land uses of residential (5.1%), mixed 
use (0.2%), commercial (0.3%), and industrial 
(0.9%), represents a relatively minor percent-
age of the overall project area, but is concen-
trated around the bay and streams and rivers.

Examining Table 1, it is apparent that the 
largest number of parcels—and the smallest 
parcel sizes—are in those zoning categories 
that represent more intensive, dense uses 
such as residences and commerce. The aver-
age number of parcels per acre for residences 

Figure 1: Zoning category proportions.
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is roughly the same for those located in the 
cities of Coos Bay and North Bend (2.5 and 
2.7, respectively), but they are significantly 
larger in the rural areas outside the UGB (0.6 
parcels, or about one and two-thirds acres 
per parcel). Comparatively denser are parcels 
in the mixed, or transitional category, repre-
senting the conversion of residential areas to 
commercial; and these transitional parcels are 
even more dense than those currently zoned 
for commercial use. Industrially-zoned land 
tends to be in larger parcels than those zoned 
for either residential or commercial use.

Each specific zoning jurisdiction has their 
unique codes and definitions for specific 
uses allowed within sub-categories of the 
seven broader uses. Figure 2 shows how 
these are arranged outside incorporated 
city boundaries; and Figure 3 shows general 
zoning categories for the cities of Coos Bay 
and North Bend. Appendices 1 and 2 show 
the official zoning maps for the cities of Coos 
Bay and North Bend, respectively. Appendix 3 
provides the number of parcels and aggregate 
areas by specific zoning classification for the 
areas outside the UGB and both cities.

The general patterns outside the UGB is that 
the resource lands are zoned for forestry in 
the upper watershed area, and similarly along 
the ridgetops extending down to the bay. 
Agricultural uses (i.e., Exclusive Farm Use) 
occur in the valleys, principally in the broad 
floodplains of the Coos, South Fork Coos, and 
Millicoma rivers and along diked areas such as 
Catching and Isthmus Sloughs. Rural residen-
tial zoned lands surround the east and north 
bay outside the UGB, along ridgetops and 

adjacent to streams and rivers where county 
roads provide access.

Patterns within the UGB (Figure 3) mirror 
those usually found in cities: industrial sites 
are concentrated along major thoroughfares, 
and/or adjacent to railroads or harbor facili-
ties. Similarly, commercial enterprises typical-
ly front major streets; higher density resi-
dential zoning is in these same areas, while 
lower density residential zoning are buffered 
from the larger populated hubs. North Bend 
residential areas have different zoning classifi-
cations based on their lot sizes (R-7 and R-10), 
whether they can have duplexes (R5, R-6), 
and multi-family housing (R-M). About half 
of the residentially-zoned parcels in North 
Bend can have duplexes; while slightly over a 
quarter are solely for single-famiy residents, 
and slightly under a quarter are multi-family 
(Appendix 4).

Coos Bay’s residential zoning pattern differs 
substantially from North Bend’s. Of the ap-
proximately 5,600 parcels zoned for residen-
tial use (Appendix 4), almost three-quarters 
are zoned for single family residences and 
duplexes, while only about 8% are solely for 
single family residences. In fact, the City of 
Coos Bay currently (8/2015) is considering 
ordinance amendments that would change 
some of the zoning classifications. Coos Bay 
also has a higher number of parcels zoned 
for multi-family use than does North Bend 
(906 versus 768, respectively), as well as 48 
parcels, covering 268 acres specifically zoned 
for certified manufactured houses, either in 
parks (R-5) or in a classification that allows 
for single-family residences, duplexes, and 

Table 1: Zoning categories, parcels, and areas within the various jurisdictions.
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the manufactured homes (R-6). There are two 
areas with the parks, both off of Ocean Blvd., 
one on the north side Ocean at the junction 
of 34th Street and Pacific Loop; and a second, 
larger area south of Ocean in the Shore Pines 
development that is specifically for senior 
housing. 

Coos Bay also has a distinct classification 
for waterfront residences (R-W), the first of 
which is located along the Coos Bay channel 
north of Newmark Avenue in the Empire 
Lakes neighborhood. Generally the district 
includes parcels fronting the channel, and 
extending inland to the first major street. A 
second R-W district is in Eastside, and located 
in the dredged material disposal area to the 
north of the boat launch ramps, along the op-
posite of the Coos Bay waterfront. The City of 
Coos Bay development ordinance (Ch. 17.60) 
says the intent of the zoning is to protect the 
area, maintain access, and “encourage excel-
lence of design” through clustering or other 
arrangements to protect open space. Almost 
any residential use (up through multi-family) 
is allowed, as are commercial uses that are 
residential in appearance and maintain the 
character of the area. Any uses other than 
single family residences require a site plan 
and architectural review.

Both cities also have zoning for other, uncon-
ventional, classifications. In North Bend there 
are three residential-transitional (R-T) areas 
that allow for commercial uses: both sides 
of Broadway between Lewis and 17th); the 
south side of Newmark between Broadway 
and College; and a small area centered at 
Florida and Union. Coos Bay’s zoning includes 
residential-professional classification (R4-
P) used for the Ocean Ridge Assisted Living 
facility off Ocean Blvd., many blocks on the 
periphery of the Central Business District, 
and two blocks south of Newmark between S. 
Main Street and S. Cammann in Empire. The 
Bay Area Hospital and surrounding parcels are 
zoned as Medical Park (MP), designated for 
medically-related uses. 

Finally, Coos Bay also zoned areas of unique 
cultural significance: the Hollering Place 
proposed development in Empire, and the 

Waterfront Heritage (WH) area between 
Bayshore (northbound US-101) and the Coos 
Bay channel, extending north from Com-
mercial Street to Ivy Ave. This includes the 
historic buildings along Front Street, and the 
first block back from the waterfront. To the 
south of this, also between Bayshore and the 
channel—and extending south to the mouth 
of Coalbank Slough—is zoned waterfront-in-
dustrial (W-I) zoning to reserve the area for 
water-dependent and water-related uses. This 
area includes the Coos Bay Boardwalk and 
the rail yard, as well as the Lucky Logger and 
Edgewater Inn commercial areas.

Coos Bay Estuary Management Plan Zoning

The Coos Bay Estuary Management Plan (CBE-
MP) is the implementation mechanism for 
goals 16 and 17 in the Coos County Compre-
hensive Plan. There are twelve different man-
agement types, equivalent to zoning classifi-
cations, listed in Table 2 and described more 
fully in Appendix 4 and in the Oregon Estuary 
Plan Book (DLCD n.d.). The primary differen-
tiation is between aquatic units (below mean 
higher high tide), of which there are a total 
of 13,267 acres; and shoreland units (above 
mean higher high tide), of which there are 
total of 9,301 acres. Figure 4 provides a map 
of the management units within the CBEMP.

The area covered by the CBEMP is divided 
geographically into management areas, of 
which there are a total of 124, divided among 
those in the County (84) and the cities of 
Coos Bay (30) and North Bend (9). The City 
of Coos Bay has more management areas 
because its city limits extend across the upper 
bay, in contrast to North Bend whose city 
limits extend into the bay in but in a much 
smaller geographical area.

Each of the 124 management areas may 
have a unique management type (one of the 
twelve listed in Table 2), or it may be sub-di-
vided into multiple, different management 
classifications (Appendix 5). The results of 
this sub-division result in 182 individual 
management units; and some management 
areas contain multiple polygons. While most 
management units only have one polygon, 
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Table 2: Management units in the CBEMP.  Data Source: Coos 
County Planning Department n.d.a

some—especially the urban water-dependent 
and rural shorelands—have multiple such 
that there are 279 unique polygons delineat-
ed in the CBEMP. Figure 4 shows a map of 
the polygons, with a sub-set of the specific 
polygons labeled. The management area 
numbering system starts at the mouth of the 
Bay, on the north jetty, and increases clock-
wise ending at the extreme southern units in 
South Slough (Figure 4).

Within the CBEMP, management units are 
designated according to the criteria described 
previously; for each unit there is a narrative 
description of its boundaries, and a manage-
ment objective is identified, such as “this unit 
shall be managed to allow the continuance 
of shallow-draft navigation while protecting 
the productivity and natural character of the 
aquatic area” (CBEMP, Aquatic Unit 13A). Fol-
lowing the management class and objective, 
there is a list of different potential uses and 
types of activities that vary depending on the 
management unit and segment. Table 3 pro-
vides a list of these uses and activities. Each 

of these has a determination about whether 
it is allowed outright, allowed through an 
administrative conditional use, or prohibit-
ed. Each management area also has general 
conditions that apply to all uses and activities 
(e.g. “inventoried resources requiring man-
datory protection in this unit are subject to 
Policies #17 and #18), and special conditions 
that relate to a specific activity or use. These 
special conditions are chosen from among a 
suite of policies. 

Included within each management unit is an 
identification of any designated mitigation ar-
eas, as well as their priority: (1) high priority 
sites that shall be protected, i.e., no pre-emp-
tory uses or activities are allowed; (2) medi-
um priority sites that have realistic potential 
for mitigation, and therefore pre-emptory 
uses or activities are also not allowed; and 
(3) low priority sites that have questionable 
potential for mitigation, and are thus not 
protected from pre-emptory uses or activities 
that are otherwise permitted in the manage-
ment unit (CBEMP, Vol. II, Part 1, §7.3).

There are 81 designated mitigation sites in 
the Coos Bay Estuary Management Plan. 
Figure 5 shows these mitigation sites, col-
or-coded by their priority. Of these 81 sites, 
15 are designated as High Priority, totaling 
about 320 acres; 37 are Medium Priority, cov-
ering about 485 acres; and 29 are designated 
as Low Priority, containing about 530 acres. 
Within these 81 sites there are 390 tax lots 
(although some may be slivers resulting from 
mis-alignment of data layers), with 188 own-
ers. The relationship between the number of 
tax lots and owners is shown in Figure 6. De-
tailed information on tax lots and ownership 
(as of February, 2014) for each mitigation site 
is provided in Appendix 6 for those tax lots 
greater than 0.05 acre.

The practicality  of a site for use as mitiga-
tion is affected by its number of taxlots and 
owners; as this number increases, so does 
the difficulty of its use as mitigation. As can 
be seen in Figure 6, most areas designated 
for mitigation contain multiple taxlots. More 
important is the number of unique owners: 
about a third of the mitigation sites have a 
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Figure 5: Mitigation sites deisgnated in the Coos Bay Estuary Management Plan.
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single owner, while another third have two 
owners. The remaining third of sites have 
more than two owners, with nine having six 
or more.

About 63% of mitigation sites are within pri-
vate ownership or ownerships. Government 
entities own about 37% of the designated 
mitigation sites, with 28.9% owned by the 
State of Oregon, and as such cannot be used 
for mitigation. This includes all the South 
Slough “Medium” priority sites. The Oregon 
International Port of Coos Bay owns the ma-
jority of High Priority sites (M3, U13), Medi-
um Priority (U-14), and Low Priority (M-4) for 
almost 40 acres. 

A site designated as mitigation in 1985 
doesn’t necessarily have much relevance to 
its potential use in 2015. A site could have 
been developed since then; or it may have 
naturally reverted to wetlands so that their 
utility for mitigation is minimal. While we 
have not systematically evaluated all the sites, 
it’s obvious from even a cursory examination 
of Figure 5 that many of these sites would no 
longer qualify for mitigation.

Land Use in the Project Area

While zoning determines allowable future 
land uses (in the absence of re-zones), land 
use describes what is presently in place. 
Current land uses are the embodiment of 
the past development of communities, 

neighborhoods, and rural areas. As discussed 
previously in the Chapter 3: Communities and 
Neighborhoods, the Coos Bay area has gone 
through cycles of development (and aban-
donment) since settlement by Euro-Ameri-
cans. Land that was once cleared for farms 
and pastures has changed into town lots or 
may have re-grown back into forest; historic 
wetlands were drained, diked and filled, have 
now become shopping centers, or—in some 
cases—reverted back to wetlands.

This section will describe how lands within 
the project area are currently classed into 
their “highest and best” use by the Coos 
Co. Assessor’s Office, based on 3-digit prop-
erty codes with procedures established by 
the Oregon Department of Revenue (ODOR 
2007). The general structure of these codes is 
shown in Table 3, with all the categories listed 
in Appendix 6. We will start with the overall 
patterns, then look more closely at major 
categories of use. Residential uses will be cov-
ered here, and in greater detail in the Chapter 
4: Community Demographics.

General Patterns

Even though the Coos Bay estuary is the 
largest urban area on the Oregon coast, the 
surrounding watersheds and communities are 
still predominantly rural. Figure 7 shows the 
relative proportions of different land uses, 
highlighting that over half (53%) is still in pri-
vate forest, and that much of the rest (33%) 

Figure 6: Frequency distribution of taxlots (left) and owners (right) in the CBEMP mitigation sites. 
Data Source: Coos County Planning Department, n.d.b; Coos County Assessor 2014.
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Table 3: Property class code system. Data Source: 
ODOR 2007, 3-1 based on OAR 150-308.215

Figure 7:  Principle land uses in 
the project area. Data Source: 
Coos County Assessor 2014, 
aggregated by PCLS variable.

Figure 8:  Single-family residen-
tial uses. Data Source: CCoos 
County Assessor 2014, PCLS 
codes in the 100 and 400 series.



5-12 Zoning and Land Use

is owned by the government, often as forest, 
park, or other open space. Of the remaining 
land uses, agriculture (6%) has the greatest 
proportion; residential uses (4%) follow, 
which if Tract lands (1%) are included almost 
equal agriculture. Commercial and industrial 
uses are only 1% each, with an additional 
1% of the estuary leased for oyster beds and 
tidelands. However, each of these principal 
land uses can be further divided by specific 
type of use. 

Residential: Single and multi-family residence 
uses have great diversity, but can be divid-
ed into four major categories: unimproved 
residential land (i.e., no buildings); traditional 
residences and mobile homes on lots; resi-
dences (traditional and mobile home) that 
are located on forest lands; and multi-family 
residences (condos, duplexes, apartments, 
etc.). Figure 8 shows the proportions of these 
various types for single-family uses, and Fig-
ure 9 shows the proportions for multi-family 
residences.

The majority of improved single-family resi-
dential use is in traditional stick framed hous-
es (42.2%, 11,489 taxlots on 6,834 acres). 
Manufactured housing (7.5%, 1,013 taxlots 
on 1,219 acres) represents roughly one-sixth 
of the traditional housing. Approximately 16% 
of all single-family residences are located on 
taxlots also designed for forest use in one 
form or another. Of particular note Figure 8 
is the amount of unimproved lands, either in 

residential use (12.6%, 2,065 acres) or in tract 
lands (22.5%, 3,662 acres). “Tract lands” are 
defined as “parcels of various sizes where the 
highest and best use is for development to 
a suburban or rural homesite, but the land 
is not divided into urban type lots” (ODOR 
2007, 3-2).

Five different categories of multi-family res-
idential uses are shown in Figure 9, totaling 
an area of 669 acres. The vast majority (57%) 
is used for mobile home parks, of which 48 
acres are in taxlots also designed as forest. 
One of the uses, two houses or a house with 
a basement or attic apartment, is relatively 
minor (7%) in the total area of multi-family 
uses, but includes almost 20% of the taxlots. 
The greatest frequency by the proportion of 
taxlots is the duplex through fourplex cate-
gory, with 55% of the taxlots. Larger housing 
complexes, i.e., five or more units, are rela-
tively scarce, both as a percentage of the area 
of multi-family residences (10%), but also 
as a proportion of the taxlots (about 14%). 
However, this category—along with mobile 
home parks—has a larger average parcel size 
(0.53 acres/tax lot for five or more units; 5.3 
acres/tax lot for mobile home parks). Of the 
669 acres identified as having the highest and 
best use for multi-family residences, 9.2% (61 
acres) is unimproved, consisting of 30 tax-
lots. However, although almost two-thirds is 
located on one tax lot of almost 40 acres on 
designated farm land, located behind Gib’s RV 
south of Ocean Blvd.

Figure 9:  Multi-family residential 
uses. Data Source:Coos County 
Assessor 2014, PCLS codes in the 
700 series.



5-13Zoning and Land Use

Figure 10: Area of various com-
mercial uses. Data Source: 
Coos County Assessor 2014, PCLS 
codes in the 200 series.

Commercial: Commercial uses provide 
services to residents, workers, and visitors 
to the project area. While commercial uses 
cover 2,707 acres—a relatively minor 1% of 
the area—they provide critical support to the 
economy and community. Figure 10 shows 
the proportions of five different categories of 
commercial uses. Almost two-thirds (63.5%) 
of commercial uses are for golf courses, most 
of which is located in the Bandon Dunes 
complex that also includes housing and dining 
facilities. The bulk of activities are conducted 
in the about 27% of the commercial area that 
has improvements, containing 901 taxlots 
that cover almost 800 acres. Another 24 
parcels (5 acres) have non-conforming uses 
for commercial areas; and 2 sites are desig-
nated historic commercial. An additional 22 
parcels, covering 126 acres, have commercial 
uses as well as a manufactured house on the 
site. There are 283 taxlots that are zoned 
for commercial use, but that do not have 
improvements, i.e., vacant; these cover 152 
acres (5.6%) of commercially-zoned lands.

Industrial: While industrial zoned and used 
lands cover a minor proportion (1%) of the 
project area, they are largely concentrated 
along the estuary’s waterfront and waterways 
. Similar to the zoning categories described 
previously, industrial uses can be divided into 
four categories: lighter versus heavier, with 
mobile or manufactured homes, and im-
proved versus unimproved or vacant. Figure 
11 shows the relative proportions of these 
categories. There are 414 taxlots covering 
3,030 acres classified for industrial uses in the 
project area. In contrast to the other major 
uses, unimproved or vacant industrial parcels 
represent the greatest percentage (43.2%) of 
this use: 187 taxlots in 1,308 acres. Slightly 
less in area, industrial zoned lands with im-
provements cover about 42% of the industrial 
uses, and include 198 taxlots with a total area 
of 1,280 acres (or two square miles). In addi-
tion, there are 20 taxlots classified as heavy 
industrial use, covering 343 acres. (the Jordan 
Cove LNG project site on the North Spit and 
Weyerhaeuser’s Northwest Hardwood’s chip 

Figure 11:  Area of various indus-
trial uses. Data Source: 
Coos County Assessor 2014, PCLS 
codes in the 300 series.
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facility at Coos City on Isthmus Slough are two 
of these sites). Another 9 taxlots covering 100 
acres are classified as industrial but have ei-
ther a mobile or a manufactured home on the 
parcel. Of the industrial parcels, 36 taxlots, 
covering almost 600 acres have some sort of 
forest designation.

Historically, lumber and pulp mills, and ship 
yards, provided the industrial base for the 
Coos Bay estuary. This has changed as some 
industries have declined, while others have 
expanded or become established. There are a 
wide range of uses presently classified as “in-
dustrial.” These include what would be con-
sidered classic uses such as the Georgia-Pa-
cific Lumber mill, the wood treating plants in 
Hauser, historic log dumps and rafting sites 
at Allegany and Dellwood, the quarries up 
Kentuck, and the fish plants and shipyards 
of Charleston. Transmitting towers for radio, 
television, and cell phones are newer uses 
also categorized as industrial. Included are 
two Enterprise zones—the Southport Lum-
ber mill on the North Spit, and the Oregon 
Resources mineral sands processing facility in 
Bunker Hill.

Agriculture: “The Legislative Assembly recog-
nizes that agriculture and related land uses 
contribute significantly to Oregon’s charac-
ter and economy and is in the interest of all 
citizens of this state” (ORS 308A.050, cited 
in ODOR 2013). While less than 6% of the 
project area is used for farm use, there is a 
wide variety of different uses—ranging from 
improved pastures, cranberry bogs, dairy 

farms, and small woodlots—in the 510 taxlots 
covering 18,010 acres. Most of this use occurs 
in diked areas along streams tributary to the 
Coos Bay estuary, in narrow valleys above 
what had been the historic heads of tide of 
these streams, and in the broad, perched, 
floodplain along the Coos, South Fork Coos, 
and Millicoma Rivers. Because of the narrow-
ness of lands suitable for farming, many of 
the taxlot parcels also combine various des-
ignated forest uses; and reflecting settlement 
patterns discussed in Chapter 3: Communities 
and Neighborhoods, many of these taxlots 
also contain residences.

Figure 12 shows the relative proportion 
of various categories of farm uses. The 16 
different property class categories have been 
aggregated into four for ease of display and 
discussion. Of the major categories, farm land 
can be designated for Exclusive Farm Use 
(EFU), called “Zoned” where agriculture is 
presumed to be the highest and best use, or it 
can be unzoned, but designated for farm use 
by application to the County (ODOR 2014). As 
noted in the previous paragraph, many farms 
and ranches have pastures in their valleys 
and floodplains, and forests on their hillsides, 
giving rise to a combined “farm and forest” 
property classification. Included in this mixed 
category in Figure 12 are woodlots of up to 20 
acres in farm used taxlots (ORS 308A.056(3)
(h)). Finally, farms having cranberry bogs are 
specifically broken out due to their infra-
structure investments and comparatively 
high crop values. In contrast to other types of 
uses, the existence of improvements (such as 

Figure 12:  Area of various agri-
cultural uses. Date Source: 
Coos County Assessor 2014, PCLS 
codes in the 500 series.
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residences, barns, fences, etc.) in farm zones 
is presumed, and as such the property classes 
do not differentiate between those with im-
provements and those without.

Of the 510 farm use taxlots in the project 
area, over half (266) are exclusively classified 
as EFU covering slightly more than one-third 
of the farm use area (6,549 acres). Another 
quarter of the area is comprised of either 
un-zoned farm uses (7.5%, 92 taxlots, 1,356 
acres), or a combination of EFU and non-EFU 
uses (18%, 64 taxlots, 3,237 acres). Over an-
other third is mixed farm and forestry, about 
half of this is EFU (54 taxlots, 3,582 acres), a 
quarter is non-EFU (14 taxlots, 1,706 acres), 
and the other quarter is mixed (16 taxlots, 
1,341 acres). Included in the forest classifica-
tions are woodlots, Small Forest Tracts (SFT), 
and regular commercial forest uses. Cranber-
ry bogs comprise four taxlots covering 238 
acres, including one in Hauser (the first site in 
Oregon), and three in the Seven Devils area. 
Not included are the organic cranberry bogs 
that the Coquille Indian Tribe has in their Kil-
kich Tribal Community development off Cape 
Arago highway in Barview.

Forestry: Forestry land uses cover over half 
(53%) of the project area (Figure 7), about 
169,000 acres in total. There are 11 different 
property classes that the Assessor’s office 
for employes for lands whose primary use is 
forestry. We can aggregate these 11 classes 
into four major categories: (a) Forestlands 
where the owner has over 5,000 in holdings; 
(b) designated forestlands owned by small-

er holders; (c) land with tree cover but not 
designated as forest; and (d) lands enrolled 
in the Small Tract Forestland (SFT) special as-
sessment program. Figure 13 shows that large 
“industrial” timberland owners hold over five-
sixths land primarily used for forestry in the 
project area; this use consists of 663 taxlots, 
covering 146,664 acres with an average taxlot 
size of about 220 acres. Designated forest use 
lands of smaller holders comprises 7.2% of 
the area; 592 taxlots covering 12,206 acres 
with an average taxlot size of about 20 acres, 
or one-tenth as large as the industrial tim-
berland owners’ taxlots. “Tract” forests are 
typically rural properties of at least 40 acres, 
but are not designated nor participating in 
the STF program

“Designation” as forestland, either under the 
general category or as SFT, provides signifi-
cant advantages to landowners through spe-
cial tax assessment provisions (ODOR 2013). 
A distinction is made between forestland 
whose owners hold more than 5,000 acres 
total (Q in the property class description), and 
thus are considered as “industrial” timberland 
owners. This distinction is important because 
only owners holding less than 5,000 acres 
are qualified to participate in the Small Tract 
Forestland (STFL) tax deferral program (ORS 
321.700-754). Landowners with at least 10—
but less than 5,000—acres of forestland can 
apply for STFL designation, and if approved, 
their land is assessed at 20% of its value with 
the requirement to pay severance and a for-
est products harvest taxes when the timber is 
harvested (ODOR 2013). 

Figure 13:  Area of various forest 
uses. Data Source: Coos County 
Assessor 2014, PCLS codes in the 
600 series.
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There are about 8,900 acres, containing 281 
taxlots, in the forest use Tract category (not 
including almost 1,200 acres held by indus-
trial timberland owners). These Tract uses 
can be divided into four categories depend-
ing upon whether the forest is designated 
through a special tax assessment process 
(either general or STF): there are designat-
ed Tract forestlands; Small Tract Forestland 
designations, with and without residences or 
other improvements; and undesignated for-
estland with residences. In the case of Tract 
forest use with residences, the number of 
taxlots is reasonably equivalent to the num-
ber of residences: there are 65 (1,747 acres) 
on designated forest use tracts that have 
manufactured homes; 15 (561 acres) that 
are non-designated, but have manufactured 
houses; and 60 (1,734 acres) that have res-
idences and participate in the STF program. 
According to the Assessor’s office, there is an 
effort to combine all the Tract classifications 
into the forestry series.

Charitable and Open Space: The project 
area has a wealth of charitable non-profit 
organizations to support critical community 
needs such as food pantries, social welfare, 
and fraternal organizations. While this sector 
doesn’t own significant amounts of property, 
they have their own property classes because 
they can request exemption from taxes. 
The charitable property classes represent 
265 taxlots covering 816 acres (Figure 14). 
The vast proportion of lands in this class are 

represented by various types of open space, 
including common areas for townhouse 
developments, cemeteries, and the ocean 
shore. Utilities, including the County’s LNG 
pipeline right-of-way and the Whiskey Run 
oceanic fiber optic cable crossing facility, are 
also in this tax exempt class because they are 
assessed differently. The Coos Head property 
owned by the Confederated Tribes is included 
in this category. There are 76 taxlots owned 
by churches, cover a total of 87 acres.

Government: Over 105,000 acres within the 
Coos watershed are owned by governments 
at all levels: local, state, and Federal, not 
including the area of streets, highways, or the 
beds and banks of navigable streams. Figure 
15 shows a breakdown of these ownerships 
by type. The majority of the State of Oregon 
ownership is in the Elliott State Forest, divid-
ed between lands owned by the Common 
School Fund and those owned by the Board of 
Forestry. The South Slough National Estuarine 
Research Reserve (SSNERR) south of Charles-
ton is Common School Fund land as well. 
Federal ownership is predominantly in lands 
managed by the Bureau of Land Management 
(BLM), including three different categories: 
Coos Bay Wagon Road revested; Oregon and 
California Railroad revested land; and public 
domain lands. Each of these three categories 
have different legal mandates that determine 
their uses. Other Federal ownership includes 
lands managed by the Corps of Engineers, 
including the jetties at the mouth of Coos Bay 

Figure 14:  Area of County tax 
exempt uses. Data Source: Coos 
County Assessor 2014, PCLS 
codes in the 983 - 993 series.
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Figure 15: Government land 
ownership. Data Source: 
Coos County Assessor 2014

that extend into the Pacific Ocean; the Coast 
Guard stations in Charleston; and remnants 
of the old Coos Head facility that are still used 
by the Navy.

A multitude of different local governments 
own lands that are used for a large variety 
of uses. The largest local government land-
owner, Coos County, has a County Forest 
with units located in the upper South Slough 
watershed and in Daniels Creek along Blue 
Ridge. There are also County Parks, including 
boat launches; the largest are Bastendorf 
Beach outside Charleston, and Riley Ranch 
near Hauser. The cities of Coos Bay and North 
Bend own parks, libraries, and municipal 
government buildings, while the City of Coos 
Bay owns part of its municipal watershed in 
Pony Creek. The two largest special district 
landowners are the Coos Bay-North Bend 
Water Board for the remainder of the munic-
ipal watershed not owned by the City of Coos 
Bay; and the Oregon International Port of 
Coos Bay that owns 59 parcels covering 1,767 
acres, located in Charleston (the marina and 
shipyard), as well as land along the margin 
of the Bay and the spoil islands and dredged 
material disposal areas located in the upper 
Bay. Smaller parcels owned by special districts 
include rural fire stations, sanitary district 
pump stations, the Southwest Oregon Region-
al Airport in North Bend, and the Bay Area 
Hospital.

Background

Oregon’s land use planning system has been 
widely praised—as well as cursed—since it’s 
inception in 1969, and approval in 1973. It’s 
supporters point out that it has controlled 
urban sprawl, and as a result maintained a 
land base suitable for agriculture and forest-
ry; it’s opponents cast it as failing to protect 
private property rights, and were successful 
in 2004 in passing Measure 37, and initiative 
that allowed uses permitted prior to the pas-
sage of the 1973 law to be continued if the 
current owner had owned the property since 
that time; however, the Legislature submitted 
Measure 49 to the voters in November, 2007 
that limited the applicability of Measure 37 
(DLCD 2007). The of this history of planning 
and zoning can be seen in the County’s plat 
maps and the accompanying Coos County and 
City zoning and land use maps; these are the 
primary resources that we will rely upon for 
this discussion.

Oregon has 19 different goals in its state-wide 
system of land use planning (see Table 4). The 
goals provide a structure for local plans at the 
county level: they define specific processes, 
criteria, and outcomes that these plans must 
meet (DLCD 2010). The goals have legislative 
authority  (ORS 197 and 215), and contain 
specific implementing provisions outlined in 
rules (OAR 660-015-0000). Of specific interest 
for this project are the goals related to the 
preservation of agricultural and forest lands 
(goals 3 and 4, respectively); the importance 
of protecting natural areas (goal 5); and 
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specifically, the planning of land uses in the 
State’s estuaries (goal 16). Economic develop-
ment (goal 9) provides a structural focus for 
comprehensive planning urban areas, specif-
ically for commercial and industrial develop-
ments; while goal 10 governs the provision 
of adequate housing; goal 11, public facilities 
and services; and goal 12, transportation. The 
expansion of urban communities into sur-
rounding rural areas is governed by goal 14, 
urbanization, provides criteria for the orderly 
expansion of urban growth boundaries (UGB), 
and constrains the provision of public services 
such as water and sewers outside the UGB. 
In addition, goal 16 provides standards and 
criteria specific to Oregon’s estuaries, while 
goal 17 covers adjacent shorelands to insure 
access for water-dependent and water-relat-
ed uses.

Goal 16 (OAR 660-017-0010) classifies the 
estuary into distinct water use management 
units taking into account the resources, 
values, and benefits of estuary. Beyond the 
inventories, there are four elements that are 
considered: adjacent upland characteristics 
and existing land uses; compatibility with 
adjacent uses, energy costs and benefits; and 
the extent to which the limited water surface 
area of the estuary shall be committed to dif-
ferent surface uses (Good et al. 2008). All of 
these elements are taken into consideration 
in developing the following management 
units:

(1) Natural – in all estuaries, areas shall 
be designated to assure the protection of 
significant fish and wildlife habitats, of contin-
ued biological productivity within the estuary, 
and of scientific, research, and educational 
needs. These shall be managed to preserve 
the natural resources in recognition of dy-
namic, natural, geological, and evolutionary 
processes. Such areas shall include, at a mini-
mum, all major tracts of salt marsh, tideflats, 
and seagrass and algae beds.

(2) Conservation – in all estuaries, except 
those in the overall Oregon Estuary Classi-
fication which are classed for preservation, 
areas shall be designated for long-term uses 
of renewable resources that do not require 

major alteration of the estuary, except for 
the purpose of restoration. These areas shall 
be managed to conserve the natural resourc-
es and benefits. These shall include areas 
needed for maintenance and enhancement 
of biological productivity, recreational and 
aesthetic uses, and aquaculture. They shall 
include tracts of significant habitat smaller or 
of less biological importance than those in (1) 
above, and recreational or commercial oyster 
and clam beds not included in (1) above. Ar-
eas that are partially altered and adjacent to 
existing development of moderate intensity 
which do not possess the resource character-
istics of natural or development units.

(3) Development – in estuaries classified 
in the overall Oregon Estuary Classification 
for more intense development or alteration, 
areas shall be designated to provide for nav-
igation and other identified needs for public, 
commercial, and industrial water-dependent 
uses, consistent with the level of

Table 4: Oregon’s Statewide Planning Goals. Data 
Source: DLCD 2007
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development or alteration allowed by the 
overall Oregon Estuary Classification. Such 
areas shall include deep-water areas adjacent 
or in proximity to the shoreline, navigation 
channels, subtidal areas for in-water disposal 
of dredged material and areas of minimal bio-
logical significance needed for uses requiring 
alterations of the estuary not included in (1) 
and (2) above.

Each one of these management units has 
permissible uses and these management 
units were used to development the manage-
ment units in the Coos Bay Estuary Manage-
ment Plan (CBEMP). The CBEMP applied the 
management units to the water as well as the 
upland that directly affects the water uses. 
The management units are defined as follows:

(1) CONSERVATION MANAGEMENT UNIT:  
In all estuaries, except those in the overall Or-
egon Estuary Classification which are classed 
for preservation, areas shall be designated 
for long-term uses of renewable resources 
that do not require major alteration of the 
estuary, except for the purpose of restoration. 
These areas shall be managed to conserve the 
natural resources and benefits. These shall 
include areas needed for maintenance and 
enhancement of biological productivity, recre-
ational and aesthetic uses, and aquaculture. 
They shall include tracts of significant habitat 
smaller or of less biological importance then 

those in the “Natural” management unit, and 
recreational or commercial oyster and clam 
beds not included in the “Natural” manage-
ment unit. Areas that are partially altered 
and adjacent to existing development of 
moderate intensity which do not possess the 
resource characteristics of natural or devel-
opment units may also be included in this 
classification.

(2) DEVELOPMENT MANAGEMENT UNIT: 
In estuaries classified in the overall Oregon 
Estuary Classification for more intense devel-
opment or alteration, areas shall be desig-
nated to provide for navigation and other 
identified needs for public, commercial, and 
industrial water-dependent uses, consistent 
with the level of development or alteration 
allowed by the overall Oregon Estuary Classi-
fication. Such areas shall include deep-water 
reas adjacent or in proximity to the shoreline, 
navigation channels, subtidal areas for in-wa-
ter disposal of dredged material and areas 
of minimal biological significance needed for 
uses requiring alterations of the estuary not 
included in “Natural and Conservation” man-
agement units.

(3) NATURAL MANAGEMENT UNIT:  
In all estuaries, areas shall be designated to 
assurethe protection of significant fish and 
wildlife habitats, of continued biological pro-

Figure 16: Hierarchy of estuary 
management priorities. Data 
Source: DLCD 2007
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ductivity within the estuary, and of scientific, 
research, and educational needs. These shall 
be managed to preserve the natural resourc-
es in recognition of dynamic, natural, geolog-
ical, and evolutionary processes. Such areas 
shall include, at a minimum, all major tracts 
of saltmarsh, tideflats, and seagrass and algae 
beds.

The management units will be accompanied 
by a segment number and accompanied with 
letters to determine the management unit 
and if it is aquatic or shoreland. For example 
1-CS means, segment 1-Conservation Shore-
land. In the CBEMP there are two types of 
navigational channels Shallow and Deep:

(1)  Natural estuaries that lack maintained jet-
ties and channels, and have little residential 
or commercial developments; 

(2)  Conservation estuaries that also lack jet-
ties and channels, but are within or adjacent 
to urban areas with developed shorelines;

(3)  Shallow-draft development estuaries that 
have jetties, and whose channels are dredged 
to a depth of 22 feet or less; and

(4)  Deep-draft development estuaries that 
have jetties and channels maintained to a 
depth greater than 22 feet.

Coos Bay is one of three deep-draft develop-
ment estuaries in Oregon, with the other two 
being the Columbia River and Yaquina Bay. 
Each of these four types has an associated 
management goal (OAR 660-017-0025): for 
natural estuaries it is “preserve the natural 
resources and the dynamic natural pro-
cesses”; for conservation estuaries it is to 
“manag[e] for long-term uses of renewable 
resources that do not require major alter-
ations; and both shallow-draft and deep-draft 
development estuaries are to be “managed 
to provide for navigation and other identified 
needs for public, commercial, and industrial 
water-dependent uses,” while at the same 
time containing management units designat-
ed as “natural” and “conservation” where 
areas meet the criteria for those zones. Figure 
16 shows the hierarchy of prioritized man-

agement and uses in estuaries, irrespective of 
their type.

Counties implement State-wide planning 
goals 16 and 17 within their comprehensive 
plan (OAR 660-015-0010(1)). For the pur-
pose of planning, the area covered by goal 
16 extends to the mean higher high water 
line, including sub-tidal (submerged) and 
inter-tidal zones, while Goal 17 extends into 
the uplands, and requires designation of 
sufficient areas to support water-dependent, 
water-related, and water-oriented uses. Part 
of the requirements for an estuary plan is a 
comprehensive inventory, including physical, 
biological, and socio-economic characteristics 
(DLCD 2010). The major outcome of the plan 
is a “zoning” of the plan area into manage-
ment units, divided into two broad categories 
(aquatic and shoreland) then into the three 
different management classes (natural, con-
servation, and development), that are sub-
sequently distinguished between urban and 
rural; and finally, for the development class, 
into water-dependent versus non-water-de-
pendent uses. Descriptions of these estuary 
management types are found in Appendix 4.
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Appendix 2. City of North Bend zoning map
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Appendix 4: Management units and descriptions within the CBEMP.
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Appendix 5: CBEMP management areas, zoning classifications, and their areas (ac.). Data Source: Coos County Planning Department n.d.a
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Appendix 5 Continued: CBEMP management areas, zoning classifications, and their areas (ac.). Data Source: Coos County Planning Depart-
ment n.d.a
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Appendix 5 Continued: CBEMP management areas, zoning classifications, and their areas (ac.). Data Source: Coos County Planning Depart-
ment n.d.a
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Appendix 6: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Appendix 6 Continued: Designated mitigation sites and their owners with the Coos Bay Estuary Managment Plan (CBEMP) 
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Summary:
 � Students can get a good edu-

cation in project area schools. 
However, despite the best efforts 
of the school districts, the local 
educational system is not work-
ing well for a number of seg-
ments of the community.

 � The state of educational infra-
structure in the project area is a 
deterrent to effective education. 

 � In recent years, student numbers 
have been declining in the proj-
ect area. 

 � The distance and time required 
for students from outlying ar-
eas to be bussed to centralized 
schools is leading to the creation 
of “home-schooling coopera-
tives.” 

Jon Souder - Coos Watershed Association

Chapter 7: Schools and Education
in the Coos Bay Area

Introduction 
One of the most important decisions that 
residents of the project area make is where 
to live. Multiple factors usually enter into this 
decision, but if the family has children—or 
expects to in the near future— what school 
their kids will attend often outweighs any 

other single criteria. Schools also play an 
important role in civic engagement within 
the community: teachers and staff are often 
recruited into the community; parents be-
come involved in their children’s sports and 
other activities; and parents often join Parent 
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Teacher Associations (PTAs), advisory groups, 
or run for the school board. Schools often 
host facilities such as playing fields, theatres, 
libraries, and meeting rooms that are open to 
the public outside of school hours. Thus, the 
condition of the educational system in the 
community reflects, and is reflected by, the 
public’s support and involvement. 

This chapter will examine the state of the 
schools in the project area (Figure 1). We 
will begin by describing the composition of 
schools in the area, including public, charter, 
and private schools. Because public schools 
are financed based on the number of stu-
dents, changes in attendance over time (as 
well as local school levies) significantly affect 

their operations. One of the outcomes of the 
No Child Left Behind law was testing students 
and assessing school performance; Oregon 
provides annual district and school report 
cards that allow  for comparison among dis-
tricts and schools within the project area, as 
well as comparisons with districts and schools 
state- wide that have similar demographics. 
Finally, there has been a history of school 
district consolidations—and school closures—
within the project area that have resulted in 
impacts to both students and local communi-
ties.

Figure 1. 
Districts 
and schools 
(open and 
closed) in 
the project 
area.
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Project Area Schools

The project area provides an array of school 
choices to residents: standard public schools 
that enroll the vast majority of students; 
public charter schools that offer alternative 
approaches to education; and private schools 
(primarily religious) whose instruction re-
flects their values (Table 1). These options 
are available for the entire range of formal 
schooling, from kindergarten through high 
school. Within these choices, about 83% of 
children attend public schools, 13% attend 
chater schools, and 4% are enrolled at private 
schools (these percentages are inexact be-
cause they include the entire student popula-
tion for the Bandon and North Bend schools, 
some of whose students reside outside of the 
project area). In addition, approximately 250 
school-aged children in the project area are 
homeschooled (2014-2015).

Public Schools
There are three public school districts that 
serve students within the project area. Ban-
don School District #54 serves students living 
at the extreme southern end of the project 
area in neighborhoods along Seven Devils 
Road and surrounding the Bandon Dunes Golf 
Resort (Figure 1). Coos Bay School District #9 
serves students in the center of the project 
area, covering the communities of Allega-
ny, Charleston, Cooston, Empire, Eastside, 
Greenacres, and Sumner as well as those 
students within the Coos Bay city limits. The 
North Bend School District serves the city of 
North Bend, the East and North Bay neighbor-
hoods, Glasgow, and Hauser within the proj-
ect area. The Coos Bay School District covers 

the greatest percentage of the project area 
(76%), followed by North Bend (19%), and 
finally Bandon (5%). Similarly, in the 2012-
2013 school year, Coos Bay had the highest 
enrollment (2,786 in its standard schools, 
with another 156 in two charter schools); 
North Bend enrolled 1,600 students in its 
standard schools, and another 648 students 
in two charter schools; while Bandon had 733 
students in its three schools.

Table 1. School characteristics in the project area. FTE: Full Time 
Equivelant, in that 1.0 is a full time employed teacher and 0.5 is 
a half-time employed teacher. Source: ODE 2013a. 
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tending the standard curriculum schools who 
live north or east of the McCullough Bridge 
attend North Bay Elementary; those living 
south attend Hillcrest Elementary. Students 
who attend the Lighthouse Charter School 
can live within Coos County or as far north as 
Reedsport; those living within the North Bend 
School District are provided transportation 
to the school. The remaining grades at North 
Bend all attend schools within a larger com-
plex in the city of North Bend that includes a 
middle school, high school, and a technology 
center that supports the Oregon Coast Tech-
nology Charter School.

Charter Schools

The Oregon Public Charter School Act (Ore-
gon Revised Statutes, Chapter 338), passed in 
1999, allows a sponsoring group such as par-
ents, teachers and/or community members 
to form a semi-autonomous school under 
the umbrella of a public school district. The 
school district must approve the “charter” 
for the school under the provisions of ORS 
Ch. 338, or their decision can be appealed to 
the State Board of Education for certification. 
Charter schools are given more freedom in 
their operations (and at least initially more 
funding) than comparable standard public 
schools. As a result, a number of smaller 
school districts in the region (Reedsport, Elk-
ton, Triangle Lake) have completely converted 
to charter schools. Other districts, such as 
Coos Bay and North Bend, have either al-
lowed or opened charter schools to provide 
alternative educational opportunities. De-
pending upon whether the charter school is 

There are differences among the three 
districts in how they configure their class-
es (Table 1), and these configurations are 
constantly changing as the districts grapple 
with changing enrollment numbers in various 
classes and outdated infrastructure. Bandon 
follows the traditional model of K-4 grades in 
its elementary school, grades 5-8 in Harbor 
Lights Middle School, and grades 9-12 in the 
high school. North Bend modifies this tradi-
tional approach with its elementary schools 
covering K-4 in one school (Hillcrest) and K-5 
in the other (North Bay), its middle school 
covering grades 5-8, and its high school 
grades 9-12. In contrast, Coos Bay has its two 
elementary schools cover K-3, its two inter-
mediate schools cover grades 4-7, and the 
high school covers grades 8-12.

The Coos Bay school attendance boundaries 
(Figure 1) differ between their elementary 
and intermediate schools. Elementary grade 
students living to the west of Pony Creek 
attend Madison Elementary while those living 
to the east and south attend Blossom Gulch. 
This boundary changes for the middle/inter-
mediate school attendance zones: those living 
in the neighborhoods west of Koos Boulevard 
and 10th Street, extending south to Juniper 
Avenue, then southeast to Ocean Boulevard 
and then west to Pony Creek attend Sunset 
Middle School, while those to the east and 
south of this line attend Millicoma Intermedi-
ate School. Students from the entire district 
attend Marshfield High School.

Attendance zones in the North Bend School 
District are more straightforward. Students at-
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sponsored by the district or the State Board 
of Education (if a district refuses), charter 
schools are provided with, respectively, either 
80% or 90% of state per student funding for 
kindergarten through 8th grades, and 90% or 
95% of the per-student funding received for 
high school students (ORS 388.155). Districts 
may lose funding if independent schools are 
chartered; however, by opening their own 
charter schools they may keep more students 
enrolled, and thus retain more state support, 
while widening available educational oppor-
tunities.

The initial charter school in the project area 
(the Lighthouse School) was organized in 
2002 by parents who were dissatisfied with 
the traditional educational model in the local 
public schools. The school enrolls about 200 
students from kindergarten through the 8th 
grade. Lighthouse curriculum is inspired by 
the educational philosophy of Rudolf Steiner 
(1907) in his Waldorf Schools. The Waldorf 
approach for pre-adolescent students (K-8) 
is to develop their artistic and social ca-
pacities using both creative and analytical 
understanding. The second charter school in 
the North Bend School District is the Ore-
gon Coast Technology School (ORCO Tech), 
created in 2003 as a “school within a school” 
located on the grounds of North Bend Middle 
and High Schools. The focus for the school 
is to use information technology as an orga-
nizing principle, developing students’ inter-
dependent knowledge in three areas: skills, 
concepts, and capabilities. ORCO Tech enrolls 
about 450 students from with those in the 
6th through 8th grades attending classes in 

the North Bend Middle School, 9th and 10th 
graders in classrooms at the North Bend High 
School, and 11th and 12th graders in separate 
Technology Center on the campus.

The Coos Bay School District also sponsors 
two charter schools, housed in the Harding 
Learning Center on the campus of Marshfield 
High School. Destinations Academy is de-
signed for students to work at their own pace 
in a community service approach that is proj-
ect-based and appropriate for their academic 
level. Approximately 90 students are enrolled 
in grades 9-12, with four teachers and an ed-
ucational assistant. The Resource Link Char-
ter School provides services to K-12 grades, 
including home-schooled students. About 
65 students were enrolled in its programs in 
2013. Resource Link’s educational strategy 
is that effective communication, academic 
relevance, and student voice and choice are 
fundamental to a student’s success. The cur-
riculum focuses on project based, individual 
learning. Students are required to meet with 
a teacher only one hour per week, although 
there are three classrooms with computers, 
and four teachers who are available to work 
with students.

Private Schools

Three out of the four private schools in the 
project area are religion-based, with the 
fourth focusing on alternative education 
(Table 1). Information is more difficult to 
obtain on these schools because they are  not 
required to report to the Oregon Department 
of Education; most information in this section 
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was derived from the schools’ websites and 
independent web pages. Alternative Youth 
Activities (AYA) was founded in 1979 to serve 
students on the Oregon south coast from 
Florence to Brookings who are disconnected 
from their public schools. The school focuses 
on offering relationship-based learning expe-
riences by developing connections, capability, 
and confidence with a particular emphasis in 
credit recovery so that students can return to 
their public school. About 30 students attend 
AYA, and are supported by 15 full- and part-
time staff members.

The three religion-based, private schools 
are Christ Lutheran, Gold Coast Seventh-Day 
Adventist, and Kingsview Christian (Table 1). 
Christ Lutheran School serves about 70 stu-
dents from pre-kindergarten through eighth 
grade. The school focuses on the spiritual 
welfare of the child, assisting parents in edu-
cating their children and providing an oppor-
tunity for Christian education, witness, and 
evangelism. Gold Coast Seventh-Day Adven-
tist School serves a small number of students, 
about 14, in grades 2-7 with one teacher. The 

focus of the school is to develop the spiritual, 
mental, and physical powers of each student; 
preparing them for the joy of service in this 
life and for the higher joy of service in the life 
to come. Kingsview Christian School, estab-
lished by the Bay Area Church of the Naza-
rene in 1979, serves about 140 students from 
pre-kindergarten through the 8th grade with 
eight teachers.

Student Population and Demographics

The decline of the natural resource based 
economy, coinciding with demographic trends 
and cycles, resulted in an overall decrease in 
the number of students in the project area. 
The reduction in family wage jobs began in 
the 1980s led to significant outmigration (see 
Chapter 4: Community Demographics), and 
the Great Recession of 2008 has continued 
the process (Figure 2). Enrollment in recent 
decades topped during the 1992-93 school 
year, with a high of 4,517 students in the Coos 
Bay district and 3,140 in North Bend. Enroll-
ment during the 2013-14 school year dropped 
to 3,068 in the Coos Bay School District (i.e., 
Coos Bay schools enrolled almost 50% more 
students at their peak); in the North Bend 
School District there are 2,423 students en-
rolled (not including their Virtual Academy), 
compared to about 30% more at their peak.

While student numbers have dropped over 
the last two decades, student diversity has 
increased (Figure 3). While the vast majority 
of students are white in both school districts 
(72% in Coos Bay and 76% in North Bend), 
there are significant numbers of Native Amer-
ican (5% in both districts) and Hispanic/Latino Figure 2. Patterns of school enrollment from 1987 – present.

Source: National Center for Education Statistics 2015. 
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students (14% in Coos Bay and 7% in North 
Bend); multiracial students comprise 7% and 
9%, respectively, of the student bodies in 
Coos Bay and North Bend. The Native Amer-
ican and Hispanic/Latino students are aggre-
gated into a category known as Underserved 
Races/Ethnicities in reporting required by the 
No Child Left Behind Act, as will be discussed 
below.

There are differences in student demograph-
ics between the North Bend and Coos Bay 
School Districts, as well as among the stu-
dent populations in various schools (Table 2). 
While both Districts have substantial numbers 
of economically disadvantaged students (and 
thus the Title I designations), in general there 
are between 5% and 10% more disadvan-
taged students in the Coos Bay schools com-
pared to North Bend, although the difference 
becomes slight between the two high schools. 

Figure 3. Demographic makeup of the Coos Bay (left) and North Bend (right) students. Source: ODE 2015. 

The attendance boundaries described previ-
ously affect student demographics; and the 
availability of North Bend’s charter schools 
further exacerbates demographic differences 
within the North Bend School District. Simi-
larly, Coos Bay enrolls more disabled students 
in comparison to North Bend, but these 
differences are not substantial except in the 
elementary grades where Coos Bay enrolls 
about a third more. Finally, English learners 
as a group are not a significant proportion of 
either district’s students.

Coos Bay

Because of fixed attendance zones, student 
demographics largely reflect those of the 
neighborhoods and communities where 
they reside (see Chapter 4: Community 
Demographics, and Appendix 1). For Coos 
Bay elementary schools, there are almost 



7-8 Schools and Education

25% more disadvantaged students attending 
Madison Elementary (80%) compared to Blos-
som Gulch (64%); while there are relatively 
similar percentages of disabled students and 
under-served races and ethnicities, there 
are substantially more English learners at 
Madison compared to Blossom Gulch (the 
<5% at Blossom Gulch can go down to almost 
zero, in comparison with the 7% at Madison). 
Madison has a slightly higher percentage of 
minority students (20%) compared to Blos-
som Gulch (18%), but this gap increases to a 
25% difference (22% versus 17%, respective-
ly) at the middle school level at Sunset and 
Millicoma. Economic disparities continue at 
the middle school level as well: Sunset Middle 
School has almost a third more economically 
disadvantaged students compared to Milli-
coma Intermediate School. Coos Bay’s Des-
tinations Charter School serves almost 25% 
more economically disadvantaged students 
compared to Marshfield High School, as well 
as over one-third minority students.

North Bend

Demographic disparities among schools in 
North Bend are even greater than Coos Bay 
(Appendix 1). Students attending the stan-
dard curriculum elementary schools are large-
ly similar, although Hillcrest Elementary (16%) 
has almost twice as many underserved races/
ethnicities as does North Bay (8%).

The more substantial differences are between 
the demographics of the students attending 
the two charter schools compared to those 
in the standard curriculum schools. At the 
elementary level, Lighthouse Charter has only 
about half the percentage of economically 
disadvantaged students, half the proportion 
of disabled students and underserved races/
ethnicities, and no English learners compared 
to the two standard elementary schools. The 
pattern of demographic disparities continues 
in the upper grades, as the Oregon Coast 
Technology School enrolls 39% economically 
disadvantaged students, compared to 71% 

Table 2. Subgroup demographics for Coos Bay and North Bend schools. Source ODE 2013a. 
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for the North Bend Middle School (almost 
twice as many), and compared to 49% at 
North Bend High School. As a proportion of 
total enrollment, ORCO Tech has fewer than 
a third of disabled students, less underserved 
races/ethnicities, and no English learners as 
compared to the North Bend Middle and High 
Schools.

Educational Attainment

The No Child Left Behind Act of 2001 (P.L. 
107-110) significantly amended the Elemen-
tary and Secondary Education Act of 1965 
(20 U.S.C. 6301 et seq.). It increased account-
ability for educational quality by emphasizing 
testing to evaluate whether all students are 
meeting performance goals in reading, math, 
writing, and science (Learning First Alliance 
2002). Test (and metrics) results reported by 
various student demographics are compiled 
by the Oregon Department of Education and 
have been made publicly available since 2000 
(by S.B. 1329) as School and District Report 
Cards. Data from these report cards are the 
primary source of information for this section; 
however, comparable testing/performance 
data are not available for the private schools, 
and we will provide more detailed informa-
tion for the Coos Bay and North Bend School 
Districts (Appendix 1) because they cover the 
vast majority of the project area.

School Performance

The School and District Report Cards provide 
a summary performance level based on how 
a school ranks statewide, as well as compared 
to those schools with similar demographics. 
Five performance levels are designated, with 

a level being determined by an aggregate 
of five measures: (1) subject achievement 
rate; (2) subject achievement growth rate; 
(3) subgroup achievement growth rate; (4) 
graduation rate; and (5) subgroup graduation 
rate. These performance measures often 
incorporate multiple categories (such as math 
and reading assessment scores). Each per-
formance measure is assigned a level based 
on a scale of 5; points are accumulated in 
each performance measure by a process of 
“earning” points, the calculation of which is 
outlined in ODE 2013b, and are generally de-
scribed in Appendix 2. Performance measures 
often have a threshold required to attain a 
specific level, either in points or as a percent-
age of available points.

A school’s or district’s aggregate Performance 
Level is determined by the aggregate points it 
receives in the five measures, and then where 
it ranks compared to similar level schools 
in the State of Oregon. In order to control 
for the effects of socio-economic factors, an 
additional measure evaluates a school’s per-
formance compared to the closest 20 other 
schools in Oregon having similar demograph-
ics. Table 3 shows the performance ratings of 
schools in the project area for the last school 
year (2012-13) and the one previous to that 
(2011-12).  About 55% percent of schools 
statewide have met state standards for edu-
cational attainment (and graduation, if a high 
school. Note that it is possible that a school 
stayed the same in its performance between 
the two reported years, while others in the 
state were improving (or deteriorating) at a 
comparatively higher (or lower) rate.
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Table 3. School performance in the project area. Source: 
ODE 2013a. 

Only in the North Bend School District do 
all the elementary schools meet overall 
state targets for educational attainment 
and student growth. Neither Ocean Crest 
in Bandon, nor Madison or Blossom Gulch 
in Coos Bay, met state targets in 2012-13 
(although Madison did in 2011-12). Middle or 
intermediate schools range in quality among 
districts and between schools. Harbor Lights 
Middle School in Bandon is among the top 
5% of middle schools statewide in terms of 
its educational quality, and is designated a 
Model School under Title I of the Elementary 
and Secondary School Act because it achieves 
this quality while having a high percentage 
of economically disadvantaged students. In 
Coos Bay, Millicoma Intermediate had a good 
score in 2012-13, rising from not meeting 
state targets in 2011-12, while Sunset Middle 
School did not meet targets in 2012-13 (data 
were not available for 2011-12). The standard 
curriculum North Bend Middle School ranked 
in the worst 15% statewide for both 2012-13 
and 2011-12, while the two charter schools 
within the North Bend School District both 
met state targets and were in the top 55% of 
schools statewide. Bandon High School met 
state targets in 2012-2013 after having failed 
them in 2011-12; North Bend High School 
did not meet state targets in either 2012-13 
or 2011-12 (but was not in the worst 15%), 
while ORCO Tech did meet state targets; and 
Marshfield High School descended from not 
meeting state targets to being in the lowest 
15% of high schools statewide from 2011-
2012 to 2012-13.

It could be argued that school performance in 
the project area is adversely affected by the 

overall economic climate and the preponder-
ance of economically disadvantaged students 
that they serve (Appendix 1). However, the 



7-11Schools and Education

right- most column in Table 2 shows that 
this is not necessarily the case. Each school’s 
performance was compared with 20 others 
in the state that had the closest demographic 
makeup, irrespective of whether they were 
larger or smaller, urban or rural. There is no 
consistent pattern among the schools, or 
among the districts, in the project area. Not 
surprisingly, Bandon’s Harbor Lights Middle 
School was above average, but its elementary 
school was below average and its high school 
about average. Coos Bay has more schools 
rated below average in comparison to similar 
ones statewide, but Millicoma Intermediate is 
above average, as is its Resource Link Charter 
School. One might have thought that North 
Bend’s charter schools would have outper-
formed similar schools statewide, which is 
the case with the Oregon Coast Technology 
School but not with the Lighthouse School. 
Neither of the standard curriculum high 
schools in Coos Bay and North Bend com-
pared well with comparable schools state-
wide.

Academic Achievement

As outlined in Appendix 2, attainment of stan-
dards—as well as student growth from one 
year to the next— contribute to a school’s 
performance rating. For the 2012-13 Report 
Cards, the Oregon Department of Education 
emphasized student growth in its weighting 
(ODE 2013a). Both attainment and growth 
are based on the results of assessment tests, 
called the Oregon Assessment of Knowledge 
and Skills (OAKS). Reading assessment tests 
are given in grades 3 - 8, and 11; math assess-
ment tests are given in grades 3 - 8, and 11; 

science assessment tests are given in grades 
5, 8, and 11; and writing assessments are giv-
en in grade 11 (writing was also assessed in 
grades 4 and 7, but this was discontinued in 
2011 due to budget shortages). Coos Bay and 
North Bend standards attainment and growth 
by school and subgroup will be discussed in 
detail based on data provided in Appendix 1.

North Bend does a better job at teaching 
reading in the elementary schools, where 
about three-quarters of students meet state 
standards compared to less than two-thirds 
in the Coos Bay schools. Economically disad-
vantaged students have reading attainment 
rates that are largely comparable to those of 
non-economically disadvantaged students in 
elementary school in North Bend, but such 
reading rates are 12% less at Blossom Gulch 
in Coos Bay. Students with disabilities fared 
poorly in reading in elementary schools with 
an average of only about 50% meeting state 
standards, with the exception of Hillcrest; 
both Madison Elementary in Coos Bay, and 
North Bay in North Bend, did particular-
ly poorly with disabled students’ reading. 
Lighthouse Charter exceeded all the standard 
curriculum schools in reading, with 86%                   
overall meeting standards, with little drop off 
for the subgroups. A similar pattern exists for 
elementary school math attainment: North 
Bend elementary schools do better than Coos 
Bay, in some cases substantially, but all sub-
groups do worse, particularly students with 
disabilities. For math, the Lighthouse School 
students are less proficient compared to 
Hillcrest Elementary in North Bend, but about 
equivalent to North Bay. However, Lighthouse 
does much more poorly with the subgroup 
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performance in math when compared to the 
standard curriculum schools.

Once students enter middle/intermediate 
school, educational attainment switches 
between the standard curriculum schools 
in Coos Bay (which are better) compared to 
North Bend Middle School. About two-thirds 
of Coos Bay’s Millicoma Intermediate School 
students met reading standards (but only 58% 
at Sunset), while only slightly over half did at 
North Bend. The reading performance of eco-
nomically disadvantaged students dropped 
off more rapidly at North Bend compared to 
the Coos Bay middle schools, although only 
one-third of disabled students met reading 
standards at any of the three standard curric-
ulum middle schools. That was not the case 
with the North Bend charter schools, both of 
which include the middle school grades: over-
all reading attainment was above 80% at both 
schools, and stayed high for Economically Dis-
advantaged students; Lighthouse did well in 
reading for the other subgroups (ORCO Tech 
had only 21% of its disabled students meet 
reading standards). In math, Coos Bay middle 
schools did better than North Bend, although 
almost three-quarters of ORCO Tech students 
(with the exception of those disabled) met 
math standards compared to less than two-
thirds of Coos Bay middle school students.

At the high school level, North Bend High 
School (80%) and ORCO Tech (81%) students 
are quite a bit more proficient in reading 
compared to Coos Bay (67%); however, in 
math Coos Bay (52%) bettered North Bend 
(42%), while at ORCO Tech. 73% of students 
met Grade 11 standards in math. Econom-

ically Disadvantaged students match fairly 
well with overall attainment in math, but the 
drop off is higher in reading. Less than 10% of 
Disabled students in high school standard cur-
riculum meet state math standards, and less 
than a quarter meet state reading standards 
(and only 16% and 21%, respectively, at ORCO 
Tech). Underserved Races/Ethnicities largely 
hold up with overall school performance, and 
even exceed them at North Bend High School.

Of particular interest is how well (or poor-
ly) students are meeting state standards 
in science, when tests are given in the 5th, 
8th, and 11th grades. Data are much more 
spotty compared to the reading and math 
assessment (Appendix 2): Sunset, Millicoma 
Intermediate and North Bend Middle School 
report scores; and all three high schools 
(Marshfield, North Bend, and ORCO Tech) re-
port overall scores, but not for any subgroups. 
Attainment of state science standards is not 
high, even at ORCO Tech. Less than two-thirds 
of Sunset Middle students met standards 
while surprisingly on 46% met standards at 
Millicoma Intermediate, somewhat over half 
meeting them at North Bend Middle School 
level. Attainment rises with the Grade 11 
tests: 65% of Marshfield students, 71% of 
North Bend students, and 81% of ORCO Tech 
students meet state standards.

Student Growth and Graduation Rates

Academic growth is calculated by evaluating 
an individual student’s score on math and 
reading exams for the current and previous 
year, and then determining whether at that 
rate the student would be able to attain state 
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standards within the next three years. For 
the 2012-13 school year, the Oregon Depart-
ment of Education dramatically revised its 
School and District Report Cards to emphasize 
student growth in the determination of a 
school’s performance, weighing it as 50% of 
the score for elementary and middle schools, 
with an additional 25% weight for subgroup 
growth (ODE 2013a, see also Appendix 2). 
For high schools, student academic growth 
counts less (20%, with an additional 10% 
weight for subgroup growth), while gradua-
tion rates influence the majority of a school’s 
score (35% overall, with an additional 25% 
for subgroup graduation rates). Growth rates 
are not reported if too few students take 
exams two years in a row, which was the case 
at Blossom Gulch and Madison Elementary 
Schools in Coos Bay; in North Bend, no sep-
arate scores were reported for underserved 
races/ethnicities at North Bay and Lighthouse 
due to too few (<6) students taking the tests.

Not surprisingly, patterns in academic growth 
closely reflect those in academic achievement 
in both school districts. Generally, Coos Bay 
lags North Bend by almost 10%, while Light-
house exceeds the two North Bend elemen-
tary schools by another 10%. However, in 
no case is academic growth exceptionally 
good: only 46% of Sunset middle students 
are making adequate progress to meet state 
standards in three years, while 54% of both 
North Bend standard curriculum schools, and 
66%  of Lighthouse students are on track to 
meet state standards in reading. For elemen-
tary school math, academic growth is higher 
than reading growth at Hillcrest (65%), and 
slightly lower at North Bay (51%). Drop off 

in academic growth for the subgroups is less 
than for academic achievement, but  dis-
abled students are 10% - 15% less likely to be 
making adequate progress compared to the 
regular students in the elementary schools 
(with the exception of the Lighthouse Charter 
School where progress is equivalent or even 
better for disabled students).

For the middle schools, Millicoma has the 
best record in the percentage of students on 
track to meet state standards in reading and 
math in three years. Even so, less than 60% 
of Millicoma students will meet standards in 
reading, and only slightly over half in math; 
for students in Sunset Middle School, only 
46% will attain standards in reading and 40% 
in math. At North Bend Middle School, 46% 
of students are on track to meet standards 
in reading, and 43% in math; ORCO Tech 
does not much better in reading (49%)and 
only 59% of students will likely meet state 
standards in math over the next three years. 
There is some drop off in academic growth at 
Sunset Intermediate for disabled students in 
reading, while underserved races/ethnicities 
do well in reading but comparatively poor in 
math. Very little drop off in academic growth 
is seen in the subgroups at Millicoma Middle 
or North Bend Middle schools, but disabled 
students at the Lighthouse Charter School 
are only about half as likely to be able to 
meet state standards as other students in the 
school. 

Academic growth at the high school level is 
more difficult to determine because students 
take the OAKS tests only in the 11th  grade. 
North Bend does quite a bit better than Coos 
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Bay for high school students: at North Bend 
High School, 55% of students are on track 
in reading and 58% are on track in math; at 
ORCO Tech, only 49% are on track for read-
ing, but 59% are on track for math; while at 
Marshfield, only 45% of students are on track 
for reading, and only 40% are  on track for 
math.

Graduation rates may be as, or more, im-
portant as an indicator of school district 
performance. In Coos Bay, the Marshfield 
graduation rate is 63%, with 68% on track 
to graduate, and an overall completion rate 
(including GED and alternative diplomas) of 
78%. North Bend’s record is lower than Coos 
Bay’s in a couple of measures: its graduation 
rate is 61%, though over 95% of students 
are on track to graduate, and 68% ultimately 
complete school in one form or another; in 
contrast, 95% of ORCO Tech students gradu-
ate with regular diplomas within five years, 
and over 95% are on track to graduate.

School Finance

Oregon public schools are funded through 
three basic sources: local property taxes, state 
contributions, and Federal contributions. The 
relative contribution of these sources to the 
total revenue available to the school districts 
has changed over time due to policy shifts 
that affected local property taxes, the shift 
of the majority of school funding to the State 
General Fund, and increases in Federal funds 
that became available with the No Child Left 
Behind Act. The cumulative effects of these 
changes are shown in Figure 4 for Coos Bay 
(left) and North Bend (right) for the period 

from the 1994-95 to 2012-13 school years. 
For Figure 4, revenues have been converted 
to a standard year (2010) based on the  Con-
sumer Price Index – Urban (CPI-U) to remove 
any effects of inflation (or deflation). 

State Support

Oregon Ballot Measure 5 passed in 1990, 
amending the Oregon Constitution in ways 
that significantly affected educational financ-
ing. It capped local property tax rates, and 
shifted much funding previously received 
from these taxes to the state general fund 
(OSOS 1990). Figure 5 shows how funding 
sources, as statewide averages, have changed 
over time. Overall, pre-Measure 5, local prop-
erty taxes contributed approximately two-
thirds of school district revenues, state funds 
contributed about a quarter of the total, and 
the remaining was contributed by Federal 
and other sources. Post-Measure 5, state 
funds usually provide over half of funding for 
schools, local property taxes provide about 
a third, and Federal funds provide between 
10% and 15% (in the recent years). One 
result of the Great Recession of 2008 and the 
resulting shortfalls in General Fund revenues 
is that state support for school funding was 
reduced from about two-thirds to about half 
(ODE 2013a).

State contributions to school districts are 
based on average daily membership (ADM), 
usually calculated as the number of students 
enrolled on October 1 of the school year (ORS 
327.013). Under the statute, the Oregon state 
school fund contribution contains a number 
of additions to the ADM based on teacher 
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experience, presence of charter schools, 
disabled and special education students, rural 
schools, early English learners, and poverty 
levels. Figure 2 shows the decline in students 
in the Coos Bay and North Bend Districts over 
time, and while Figure 4 shows the effect 
that these student declines have had on state 
contributions to the two school districts, 
although this is also co-mingled with declining 
per ADM support.

Local Property Taxes

While Measure 5 transferred much of the 
responsibility for local school finance to the 
Oregon state general fund, it also constrained 
the ability of local taxing districts to fund 
schools and other public purposes. Beginning 
with its implementation in the State fiscal 
year 1991-92, Counties were limited to a 
top tax rate of $25 per $1,000 of property 
valuation, with this amount decreasing to 
$15/$1,000 in 1996 and continuing at this lev-
el (Table 4). Measure 50, passed in May 1997, 
further constrained the ability to raise funds 
to support public schools: each taxing district 
was given a permanent property tax rate 

(which was 10% lower than it had previously 
received); the growth in a property’s assessed 
value was limited to 3% per year (but then 
was not limit on decreases if property values 
dropped); voter approval was required for 
any taxes or bond obligations beyond the 
permanent rates, and votes that did not occur 
in general elections (November of even num-
bered years) were also required (until 2008) 
to have a “double majority” of  yes votes and 
voters; and with the exception of some ex-
empt capital bond levies, the resulting taxes 
still were required to be within the limits set 

Figure 4. Sources of revenues (constant 2010$) for Coos Bay (left) and North Bend (right) School Districts.
Source: USDOE 2011. 

Figure 5. Sources of funding for schools pre-and post-Measure 5 
in Oregon. Source: ODE n.d.
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by Measure 5 (Legislative Revenue Office 
1999). Table 4 shows the permanent tax lev-
ies for the three school districts, while Table 
5 shows the results of bond and local option 
levy elections that have occurred since 1997. 
As can be seen in Table 5, the local elector-
ate has not been supportive of local schools, 
at least to the point of providing them with 
adequate financial resources.

In an analysis of Oregon school finance, 
ECONorthwest (2002) presented a short case 
study of the situation of the Coos Bay School 
District found itself in with the passage of 
Measure 50:

Coos Bay saw its student population steadily 
decline since 1994. Prior to Measure 5, the 
Coos Bay District was one of the lowest spend-
ing per-pupil districts in Oregon (Figure 6).

Because of its low spending levels, when 
Measure 50 froze the property tax levy (and 
further reduced it by 10%), the Coos Bay 
District (as well as North Bend) was limited 
in its ability to raise funds locally (Table 4), 
and thus became more reliant on State and 
Federal revenues.

Federal Support

As mentioned previously, there has been a 
significant growth in the proportion of school 
revenues obtained from the Federal govern-
ment as a result of No Child Left Behind, but 
with these funds comes increased account-
ability and consequences. There are three sig-
nificant sources of Federal funding that go to 
local school districts: (1) Title I funds provided 
based on the amount and types of disadvan-

taged students, and how an individual school 
district allocates its funds among schools; (2) 
support for students with disabilities through 
the Individuals with Disabilities Education Act 
(IDEA), Part B for school-aged children; and 
(3) support to provide free and reduced-cost 
school lunches for economically-disadvan-
taged students through the Federal School 
Meal and Federal School Commodity Acts 
(New America Foundation 2013). Figure 6 
shows the average proportions for these 
sources of funding for the Bandon, Coos Bay, 
and North Bend School Districts; and the 
proportions are quite similar between Coos 
Bay and North Bend, even though North Bend 
receives about half as much Federal funding 
as Coos Bay. Because the Title I funds are the 
most noteworthy by being tied to student and 
school performance, our discussion will focus 
on them.

Table 4. Measure 5 maximum tax rates (per $1,000 valuation) 
and school district permanent tax levies. Source: Coos County 
Assessor 2013. 
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In Title I of the Elementary and Secondary 
School Act, funds are provided to schools 
serving high levels of students in poverty 
from birth through 12th grade (school dis-
tricts receive funding for pre-kindergarten 
children through Title I even though they 
are not school-aged). Funds are distributed 
through four major formulas (New America 
Foundation 2013):

1. Basic Grants (≈ 45% of funds) go to dis-
tricts on a per-student basis if there are 
more than 10 students living in poverty in 
the district;

2. Concentrated Grants (≈ 9% of funds) are 
provided on a per-student basis if the 
district has at least 15% or 6,500 students 
(whichever is less) living in poverty as a 
supplement to its Basic Grants;

3. Targeted Assistance Grants (≈ 23%) 
provides escalating per-student funding 
based on the percentage of students in a 
district living in poverty, so that a district 
having over 38.2% students living in pov-
erty gets four times what a district having 
fewer than 15.6% students receives; and

4. Education Finance Incentive Grants (≈ 
23%) target more aid to schools in states 
that (a) spend more per student; and (b), 
are high poverty schools where state aid 
is equitably  distributed among all the 
districts’ schools. 

States and districts, in theory, are also re-
quired to remedy any imbalance in funding 
between Title I and non-Title I schools prior 
to receiving any Title I funds; in essence, the 
Title I funds are intended to supplement, not 
replace, usual expenditure levels.

In exchange for Title I funds, states agreed 
that schools would be required to meet 
Adequate Yearly Progress (AYP) towards the 
goal that 100% of students would attain 
state standards for reading, math, science, 
and writing. An increasing progression of 
penalties are prescribed for those schools 
failing to meet AYP: the first two years of not 
meeting AYP goals has no effect; but failing in 
year 3 requires a School Improvement Plan, 

Table 5. History of school general obligation bond and local option levy elections. 
Source: OSBA 2015

Figure 6. Types of Federal funds going 
to school districts. Source: New America 
Foundation 2013. 
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devoting at least 10% of their Title I funds to 
teacher development, and allowing parents 
to move their children to another school in 
the district; with failing year 4, the district is 
required to make interventions to restructure 
the school; if AYP is still not met in year 5, the 
district is required to reconstitute the staff 
(including leadership), change governance, 
convert the school to a charter school, allow 
for private management, or some similar 
major change. In 2012, Oregon obtained a 
waiver from the Adequate Yearly Progress 
accountability requirements in No Child Left 
Behind that removed the more onerous 
outcomes of No Child Left Behind, replacing 
them with “Achievement Compacts” between 
the districts and the state. However, Oregon 
has been notified by the U.S. Department of 
Education that it is at high risk of losing its 
exemption because of its failure to institute 
a single, statewide assessment system for 
teachers.

The amount of funds received by a specific 
school district is based on a complex set of 
factors, beginning with the overall Title I 
budget approved by the U.S. Congress. These 
funds are divided among the states, which 
then apportion them to the school districts 
using U.S. Census Bureau poverty data in a 
calculation that provides additional per-stu-
dent funds as described above, as well as 
additional funding for homeless and neglect-
ed students. Figure 7 shows the trajectory of 
the funds that the U.S. Department of Educa-
tion provides to the State of Oregon for the 
three school districts. The State of Oregon 
is allowed to deduct 1% of these funds for 
administrative expenses, and up to an addi-

tional 4% to place into a School Improvement 
Fund pool to provide additional assistance 
to the lowest 5% of performing schools. The 
funds shown in Figure 7 are reported in con-
stant dollars (2010$) to remove any inflation 
effects.

It’s clear from Figure 7 that Title I funds pro-
vided to the school districts (with the excep-
tion of Bandon) have been reduced in real 
terms since No Child Left Behind was passed 
in 2002. This is primarily due to  stable or 
declining Federal funds, rather than a reduc-
tion in the number of qualifying students in a 
district. The American Recovery and Recon-
struction Act (“Stimulus”) provided significant 
additions to Title I funding for the 2009-2010 
school year that allowed schools to retain 
teachers in the face of significant declines in 
state revenues caused by the Great Reces-
sion. However, this one-time supplement that 
did not reverse long-term patterns. (Figure 8).

As anticipated in the No Child Left Behind leg-
islation, schools have focused their efforts on 
the early grades (Appendix 1). While neither 
the Coos Bay nor the North Bend School Dis-
trict explicitly breaks out Title I funds in their 
annual budgets, most of the individual school 
web pages identify staff who are funded by 
Title I, and often provide additional informa-
tion on their programs. As intended, most 
emphasis is placed on improving reading and 
math performance using a combination of 
additional teachers, supplemental teachers 
aids, and activities to involve parents in the 
student’s education. For example, at Hillcrest 
School in the North Bend district, the focus 
on reading is through blocking out specific 
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time during the day, involving Title I teachers 
with specialized knowledge during this time, 
and providing an afterschool program for 
the neediest students. The only Title I mid-
dle school, Sunset in the Coos Bay District, 
provides additional assistance in math and 
reading through its Title I program.

Facilities, School Closures, and Community

In 1913, there were 91 school districts in Coos 
County; today, after many consolidations, 
there are six (Lansing 2008). In the project 
area, there were about 36 districts in 1913, 
and now, a hundred years later, there are 
only three. Consolidation of school districts 
arose due to improvements in transporta-
tion, an increase in student numbers with 
the post-WWII baby boom, and requirements 
for improved teaching and facilities to offer a 
wider range of courses. As part of the con-
solidations, rural schools were closed, and 
students were bussed (or “boated” earlier in 
earlier years) to schools closer to town. While 
there were many benefits to this consolida-
tion, there were effects to communities when 
a local focus was lost, especially with the in-
creased travel distance to residents’ employ-
ment (see Chapter 6: Jobs and Employment).

Facilities

Just as the community’s investment in edu-
cation reflects its priorities, the investment 
in facilities that support education provides 
a daily reminder to students and teachers. 
The quality of facilities also affects the ability 
of students to learn and faculty to effectively 
teach. Both the Coos Bay and North Bend 
School Districts have facilities that encumber 
their effectiveness, and a number are at, or 
past, their useful life (Table 6). However, as 
discussed above, the two school districts are 
constrained in their ability to upgrade or re-
place their facilities due to the need for voter 
approval of general obligation bonds, and as 
seen in Table 4, this voter approval has not 
been forthcoming.

Figure 7. Amount of Title 1 funds received by Districts, 
2002 - 2013 (2010$).*
Source: USDOE n.d.

*Amount provided by the U.S. Dep’t. of Education to 
the State of Oregon for the school districts. State may 
retain up to 5% for administrative and School Improve-
ment Fund purposes.

Figure 8. Per student expenditures (2010$).
Source: USDOE 2011. 
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The newest, currently occupied, school in the 
Coos Bay district (Millicoma Intermediate) 
was constructed over 50 years ago (Table 6). 
Coos Bay’s most recent building is Pirate Hall 
on the Marshfield High School Campus, fin-
ished in 2001, that  houses science classes, a 
computer lab, and general 8th grade classes. 
Prior to that building, the most recent addi-
tion/upgrade was to Sunset Middle School 
in 1992, over twenty years ago. The District 
has an active Coos Bay Facilities Task Force 
that has been working with the DLR Group 
on a long-term strategic planning process to 
evaluate needs, and a proposal planned to 
be shared with the community in May, 2014. 
North Bend School District facilities are in 
a similar situation with respect to age and 
appropriateness. The North Bend School Dis-
trict is currently evaluating four options that 
would reconfigure the elementary schools so 
that each has the same grades (Table 1), full-
day kindergarten would be provided, and the 
Middle School would have grades 6-8. Based 
on their proposals, the preferred option will 
likely be one that does not require additional 
construction or temporary buildings. Current 
(April, 2014) discussions include having the 
Lighthouse School move into the empty build-
ing owned by the Airport District that former-
ly housed the ACS call center.

Closed Schools and Community

Reductions in student numbers, aging infra-
structure, increased expectations for a wider 
range of available classes, and improve-
ments in transportation collectively pushed 

to consolidate schools, generally by closing 
those that were smaller, older, or in remote 
communities. Students at those schools are 
then bussed to schools in town, the exception 
being North Bay Elementary, which houses 
K-5 students as well as the Lighthouse Charter 
School. As can be seen in Figure 1, schools in 
the rural communities of Allegany, Coos River, 
Greenacres, Sumner, and Charleston were all 
closed within the last few decades, while four 
schools located within town (Milner Crest, 
Bunker Hill, Eastside, and Bangor) have been 
closed or repurposed. There is little economic 
disincentive to transporting these students 
for long distances because the state pays for 
70% to 90% of the transportation costs. It 
could be that this lack of community interac-
tion is having a significant detrimental effect 
on the project area’s lack of capacity and 
willingness to improve its educational system.

Table 6. Status of facilities in the Coos Bay and North Bend 
School Districts. Source: DLR Group 2014. 
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Southwestern Oregon Community College

History

Founded in 1961, Southwestern Oregon Com-
munity College (Southwestern) is one of the 
oldest of the 17 public community colleges in 
the state. Its district includes all of Coos Coun-
ty, western Douglas County (primarily Reed-
sport), and all of Curry County (which was 
annexed into the district in 1995). The college 
offers full services throughout its district, pri-
marily through the main campus in Coos Bay 
and with outlying Curry County sites in Port 
Orford, Gold Beach, and Brookings. There are 
no Southwestern-managed facilities in the 
western Douglas County area at this time.

Since its founding, enrollment has grown 
from 266 students to about 10,000 students, 
with about 3,350 FTE (full-time equivalent) 
student enrollment in 2012-2011 (Figure 9); 
full-time faculty have grown from 15 to about 
60 and part-time instructors have grown from 
11 to nearly 200. Southwestern enrollment in 
Curry County has tripled since it was annexed.

Construction of permanent buildings on the 
main campus began in 1963, and most of the 
current buildings were built between 1965 
and 1969. A second building phase began in 
1979 to add educational program facilities 
such as shops and laboratories; a third build-
ing phase beginning in 1994 added student 
services facilities and additional classrooms. 
Two new buildings have been added since: 
the Oregon Coast Culinary Institute and a Rec-
reation Center, as well as additional outdoor 
athletic facilities. Southwestern’s first set of 
dormitories, opened in 1997, were originally 

built primarily to accommodate internation-
al and out of state students. Although the 
numbers of international students have since 
declined because of tighter visa restrictions, 
today the expanded dorm facilities can house 
400 students. A new 27,000 square foot col-
lege facility in Brookings began public use in 
January 2013, offering a full range of services 
to the southernmost part of the Oregon 
Coast. (Lansing 2011)

 

Bill Lansing, in the epilogue to his 

Remember When, closes by observing:

The isolation that brought a small rural 

community together around a rustic 

school house for weekend dances, 

potluck socials, church or school plays 

has been replaced by modern roads 

and the information highway that 

connects in different ways. Computers, 

internet and travel opportunities 

offer many choices to families and 

individuals who may choose to gather 

in interest groups unrelated to their 

schools. … Centralized schools bring 

students and teachers together 

in modern facilities offering many 

advantages and technologies, but a 

lesser degree of community social 

interaction than in the past (Lansing 

2008, 195).
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Although Southwestern experienced sig-
nificant growth, in the first decade of this 
century, miscalculation of predicted revenues 
and expenses led to a major shortfall. (Lan-
sing 2011) A rise in state-wide unemployment 
rates in the last part of that decade exacer-
bated the deficit by reducing the state reve-
nue from 51% of the general fund budget (in 
1999-2001) to 26% (in 2011-2013). Economic 
stress was further heightened by the college’s 
relatively high proportion of administrators 
(from Oregon Department of Community 
Colleges and Workforce Development 2010 
[Jan.])—with a high percentage of those at 
the more experienced, higher end of the pay 
scale. That shortfall was remedied, in part, 
by a reduction of part of the workforce and 
staff furlough. Too, some class offerings were 
trimmed, eliminating classes such as journal-
ism and theatre.

Southwestern continues to work toward 
recovering from those economic challenges. 
The college’s programs, attractive setting and 
location, and an active recruitment system 
serve to draw students from outside the col-
lege district.

Current Enrollment

In 2013-2014, 8,508 individual Southwestern 
students accounted for 3,150 FTE (full-time 
equivalent). 

Student Profile

Currently, 83% of Southwestern students are 
Oregon residents; out-of-district students hail 
from 15 states and many countries. South-
western students are 51% female, 42% male, 

and 7% undisclosed. While gender break-
downs have changed little since 2008-2009, 
there was a small shift in the age ranges of 
Southwestern students between 2008-2009 
and 2011-2012: the percentages of students 
in all age ranges above 20 (20-24, 25-44, 45-
64, and 65+) dropped 1-3% while the percent-
age of students in the two lowest age ranges 
(15 and under, 16-19) rose by 6%. 

Full-time equivalencies

Reflecting the region’s somewhat higher 
percentage of retirees (who are more likely 
to take college classes for recreation), South-
western has a higher than state average of 
students in adult continuing education and 
noncredit courses (Figure 10 and 11). That 
skew is also reflected in the percentage of 
credit/noncredit classes since Southwestern’s 
relatively high proportion of older students 
are somewhat more likely to take non-credit 
classes (Figure 9).

Degrees and Certificates

A variety of certificates and two-year degrees 
are currently available at Southwestern (see 
Appendix 3 for details):

• Associate of Arts Oregon Transfer (AA/OT)
• Oregon Transfer Module (OTM)
• Associate of General Studies (ASG)
• Associate of Applied Science (AAS)
• Associate of Science/Oregon Transfer in 

Business (AS/OT-BUS)
• Career Pathway Certificate of Completion
• One-Year Certificates of Completions
• Less than One-Year Certificates of Com-

pletion
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Figure 9. Percentages and 
numbers of Southwestern 
students by credit, 2011-
2012. Source: Oregon Depart-
ment of Community Colleges 
and Workforce Development 
2011. 

Figure 10. Percentages 
of Southwestern FTE by 
program area, 2011-2012. 
Inner circle, Southwestern; 
outer circle, total Oregon 
Community Colleges. 
Source: Oregon Department 
of Community Colleges and 
Workforce Development 
2011. 

Figure 11. Comparisons of South-
western FTE and headcount 
by program area, 2011-2012. 
Source: Oregon Department of 
Community Colleges and Work-
force Development 2011. 
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velopment Center in North Bend), corrections 
education, and ABE/GED classes. Student 
Services addresses enrollment and activities 
such as advising, counseling, testing, and 
internships.

Accreditations

Eight individual programs and program sec-
tions maintain special accreditation:

• Culinary Arts and Baking and Pastry Arts 
Program

• Early Childhood Education Degree (AS 
and AAS)

• Early Childhood Education Program
• EMT: Emergency Medical Technician 

Program
• Nursing Self-Study
• Oregon Small Business Development 

Centers
• Transitional Education: Self Study 

Related Programs, Resources, and Services

Other Southwestern services and resources 
include the library (which is part of the Coos 
County Library Service District), computers 
and online student support, dining services 
(cafeteria), bookstore, sports, and student 
housing (with related services and activities). 

Nine four-year Oregon universities and col-
leges participate in the Southwestern Oregon 
University Center, housed at Southwestern, 
giving students local access to over 40 differ-
ent undergraduate and graduate degrees and 
over 25 different professional certificates. 
Current participating institutions are: Eastern 
Oregon University, Linfield College, Oregon In-

Eleven new certificates were added in the last 
10 years, while 26 certificates and degrees 
were terminated and two were significantly 
altered. Most of those changes appear to be 
coalesced or adapted career niches. Other 
program adaptations during that time includ-
ed a nearly $2 million Department of Labor 
Employment Training Administration grant 
for Community Based Job Training to develop 
a mobile welding training lab. Particularly 
germane to this Project, half the AS Degrees 
offered are natural resource based: Forestry, 
Natural Resources, and Marine Biology. (As 
of this writing, Natural Resources is new and 
Marine Biology is expected to be complete 
soon.)

To provide that variety of service, Southwest-
ern has four instructional units: Lower Divi-
sion Collegiate and Developmental Education, 
Career and Technical Education, Extended 
Learning, and Student Services. 

The Lower Division Collegiate unit is con-
cerned primarily with transfer courses; key 
programs include Science/Math/Engineering, 
Humanities, and Social Sciences; Develop-
mental Education helps students prepare for 
higher education and supports them in that 
pursuit, with services that include academic 
tutoring. Career and Technical Education are 
classic two-year degree and certificate pro-
grams—such as Allied Health/HPE/Emergency 
Services Training Programs, Nursing, Business 
and Technology, Culinary Arts, Family Studies 
and Childhood Education. Extended Learn-
ing provides community-based education, 
such as classes and services for the business 
community (through the Small Business De-
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faculty numbers have dropped (from about 
70 to about 50) while other support staff 
have increased (from about 40 to about 120). 
Significant changes driving those changes 
include the addition of the Curry County cam-
pus and the acquisition of cafeteria manage-
ment, as well as other institutional needs. 

Facilities

Southwestern owns a total of 174 acres, with 
83 of those acres developed; currently South-
western owns and operates 44 buildings on 
those properties. See “History,” above, for a 
summary of building construction and facility 
expansion. (See Appendix 4 for an annotated 
map of the main campus in Coos Bay.)

Funding

Southwestern’s 2013-2014 budget actuals 
show total resources available of about $20 
million and total expenditures of about $17 
million. Just over 80% of those resources are 
about evenly divided among state support, 
tuition and fees, and local support. A little 
over 70% of the expenditures are personnel 
costs. (Figure 12) (Note that Southwestern is 
still paying down a debt incurred in the first 
decade of this century. See “History,” above, 
for details.)

Further, Southwestern’s Foundation manag-
es holdings in excess of $3.6 million, making 
significant funds available to Southwestern 
students (Figure 13).

stitute of Technology, Oregon State University, 
Portland State University, Southern Oregon 
University, University of Oregon, Western Or-
egon University, and Oregon Health & Science 
University.

Infrastructure

Organizational Structure

Southwestern policy is directed by a sev-
en member board of directors through the 
college President. A Vice-president of Instruc-
tional and Student Services (Coos Campus) 
and the Executive Dean of Curry Campus 
report directly to the President. Reporting 
to the Vice-president are four Deans—Stu-
dent Services, Extended Learning, Technical 
Education, and Lower Division Courses and 
Developmental Education—plus the Execu-
tive Director of OCCI and the Director of the 
Business Development Center, as well as staff 
in the Office of Instructional Services. Each 
Dean, in turn, directs a variety of programs 
through their administrative and support 
staff. The Executive Dean of Curry Campus 
oversees all key staff in that county directly. 
Several additional departments deal with 
infrastructure and support.

Staffing

Currently Southwestern has about 200 full-
time employees and 180 part-time employ-
ees. Of the full-time employees, about 24% 
are faculty, about 18% are administrators, 
and about 58% are other support staff; most 
of the part-time employees are instructional 
staff. The percentages of types of employees 
have changed since 2008—notably, full-time 
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Figure 13. Southwestern 
Foundations 2013-2014 bud-
get actuals. Source: South-
western Oregon Community 
College 2014. 

students in the project area that provide 
better education than others, at least for 
the average student. For an involved and 
educated parent, it is possible to navi-
gate through the various school options 
to increase the likelihood that your child 
will be successful. But this requires being 
proactive, and might necessitate moving 
among the three districts.

Conclusions

It is possible for students to get a good educa-
tion in project area schools. However, despite 
the best efforts of the schools districts, the 
educational system is not working well for a 
number of segments of the community.

1. Based on the Oregon Department of Edu-
cation’s District and School Report Cards 
(Table 3), there are some schools serving 

Figure 12. Southwestern 2013-2014 budget actuals 
(unofficial).  Source: Southwestern Oregon Communi-
ty College 2014. 
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2. The combination of charter schools 
in the North Bend School District may 
provide the best pathway from kinder-
garten through high school for a student. 
Both standard curriculum elementary 
schools in North Bend are rated “above 
average” in comparison to other schools 
with similar demographics. However, test 
results from the Lighthouse School and 
ORCO Tech show they are superior, but 
rated as only “average” when compared 
to schools in their different demographic 
characteristic.

3. In many ways, the North Bend schools are 
segregated by class and ethnicity, with 
the more economically disadvantaged, 
disabled, and underserved minorities 
predominantly attending North Bend 
Middle School, and continuing into the 
High School, compared to the more ad-
vantaged students going from Lighthouse 
to ORCO Tech (Appendix 1). The Middle 
School is in the bottom 15% of schools 
statewide, with the High School rated 
in the lowest 45% percentile of all high 
schools in the state.

4. The situation with the Coos Bay schools 
is even more distressing: the only bright 
light in the 2012-2013 school perfor-
mance measures was Millicoma Inter-
mediate School, which as rated as above 
average, both statewide and compared to 
schools with comparable demographics. 
Marshfield High School, rated as a Level 3 
(lowest 45%) can be considered as medi-
ocre at best.

5. Neither Coos Bay nor North Bend ad-
equately serves disabled students or 
underserved minorities, at least accord-
ing to test scores. With few exceptions, 
disabled students are performing at the 
lowest level in virtually all areas at all 
grade levels compared to other schools in 
the State, even though IDEA Part B funds 
are distributed evenly on a per-student 
basis. Similarly, while underserved races/
ethnicities are generally rated Level 2 (out 
of five, with higher better) on standard-
ized tests, Hispanic/Latino students often 
fare worse at Level 1 (with the exception 
of Millicoma Middle School, where they 
perform as well or better than white 
students).

6. The state of educational infrastructure in 
the project area is a deterrent to effective 
education. The School Districts need to 
more successfully engage the community 
in order to gain the support they need to 
modernize.

7. The constant closing and realignments in 
both the Coos Bay and North Bend School 
Districts may be causing problems with 
parent involvement (with commitments 
made long-term to a specific school 
and faculty). Ultimately, this may affect 
parents’ willingness to support schools 
through volunteering as well as through 
tax levies.

8. The distance, and time required, for 
students from outlying areas to be bussed 
to centralized schools is leading to the 
creation of “home-schooling coopera-
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tives.” One of these is run by parents in 
Allegany, and others may exist. Some of 
these students may be connected with 
the school districts through Resource Link 
in Coos Bay, or the Virtual Academy in 
North Bend, but in many cases they may 
not be associated with any formal school 
system.

9. There is anecdotal evidence that the state 
of local schools is having adverse affects 
on local businesses, both through their 
inability to find trained (or trainable) 
employees, and in their ability to attract 
desirable employees to relocate to the 
Bay Area. Chapter 6: Jobs and Employ-
ment provides additional analysis of these 
potential effects.
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Appendix 2. Oregon K-12 performance measures, their weights, and how they are scored. Sources: ODE 2013b and 2013c
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Appendix 3. Source: Southwestern Oregon Community College 2015 
Appendix 3: Southwestern Oregon Community College Certificates and Degrees (2015).

 Associate of Arts – Oregon Transfer Degree (AA/OT)
 Oregon Transfer Module (OTM)
 Associate of Science Degree (AS)
  Childhood Education and Family Studies Emphasis 
  Criminal Justice Emphasis
  Fire Science Emphasis
  Forestry Emphasis
  Marine Biology Emphasis
  Natural Resources Emphasis
 Associate of General Studies Degree (AGS)
 Associate of Applied Science Degree (AAS) [Career Technical/Professional Technical]
  Accounting
  Administrative Office Professional
  Baking & Pastry Arts
  Business Management/Entrepreneurship
  Childhood Education and Family Studies
  CIS: Digital Design
  CIS: Software Development
  Computer Information Systems
  Criminal Justice
  Culinary Arts
  Emergency Medical Technology (EMT) – Paramedic
  Fire Science Technology
  Medical Assistant
  Nursing
  Welding
 Associate of Science/Oregon Transfer Degree in Business (AS/OT-BUS)
 Associate of Science/Oregon Transfer Degree in Computer Science (AS/OT-CS)
 Career Pathways Certificate of Completion
 One-Year Certificate of Completion
  Accounting Clerk
  Baking and Pastry Arts
  Bookkeeping Clerical
  Childhood Education and Family Studies
  Clerical
  Computer Information Systems
  Culinary Arts
  Digital Design
  Emergency Medical Technology (EMT)
  Fire Science Technology: Level II
  Forest Technology
  Green Industrial Maintenance Technician
  Medical Clerical
  Para Educator/Educational Assistant
  Pharmacy Technician
  Phlebotomy Technician
  Programming Technician
  Rural Health Aide
  Welding
 Less than One-Year Certificate of Completion
  Personal Trainer/Aging Adult
  Personal Trainer/Group Exercise Leader
  Retail Management
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Appendix 3. Source: Southwestern Oregon Community College 2015 

Appendix 4. Map of Southwestern Oregon Community College main campus in Coos Bay
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Geographic Features:  The Coos estuary 
comprises a wide variety of intertidal 
mudflats, channels, and marshes; 
upland habitats are dominated by 
highly productive coniferous forests.
Meteorology: The project area 
experiences wet winters and dry 
summers. There is no apparent trend in 
local climate variability.
Hydrology: Ocean tides and freshwater 
from rivers and streams determine the 
quality and distribution of estuarine and 
riparian habitats.
Geology: Tectonic activity causes the 
incremental uplift of project area 
lands which historically have given 
way to sudden land subsidence during 
infrequent earthquakes.
Land Cover/Land Use: Land cover and 
land use have been mapped frequently 
since 1900, but different methods, 
resolution, focus and classifications 
make direct comparisons challenging.
Human Infrastructure: 76 miles 
of functioning dikes are protecting 
17,300 acres of developed land in the 
project area; impervious surface area 
is increasing; road density exceeds 
thresholds for healthy watersheds.

The “project area” is defined by a network of  nine environmental 
“subsystems,” which collectively comprise the lower Coos watershed. 

Jenni Schmitt, Colleen Burch Johnson, Erik Larsen, John Bragg, Max Beeken- 
South Slough NERR

Chapter 8: Physical Description 
of the Coos Estuary 
and Lower Coos Watershed
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Chapter 8: Physical description of 
the Coos estuary and the Lower 
Coos Watershed

This section includes the following 
data summaries: Geographic Fea-
tures, Meteorology, Hydrology, 
Geology, Land Use/Land Cover, 
and Human Infrastructure — which 
describe physical properties of the 
Coos estuary and lower Coos water-
shed. 

Geographic Features: The Geographic Fea-
tures data summary provides information 
about the Coos estuary’s wetted surface area, 
shape, length, and major channels, as well 
as the extent of estuarine (tidal) influence. 
It additionally describes different estuarine 
regions, and the watershed size for the major 
slough subsystems and tributaries. Changes 
to the project area lands from pre-contact 
conditions are discussed as well.

Much of the information supporting the Geo-
graphic Features data summary came from 
agency reports (e.g., Rumrill 2006, CoosWA 
2006), peer-reviewed publications (e.g., 
Hickey and Banas 2003), and academic theses 
(e.g., Hyde 2007). Data used to create shore-
line maps and describe the size of the Coos 
estuary and its subsystems were provided 
by the Oregon Ocean Coastal Management 
Program (OCMP), a project led by the Oregon 
Department of Land Conservation and Devel-
opment (DLCD 2011).

Information from the OCMP Coos estuary 
data was compiled from multiple shoreline 
data sources. The majority of those data were 
derived from the National Oceanic and Atmo-
spheric Administration’s (NOAA) Continually 
Updated Shoreline Product (CUSP). The CUSP 
shoreline was defined as the line of contact 
between land and water at approximately 
Mean High Water using Light Detection and 
Ranging (LiDAR) data or digital imagery inter-
pretation.  

Hydrology: The Hydrology data summary 
examines Coos estuary circulation by describ-
ing estuarine bathymetry (bottom contours), 
oceanic influences (including tides and coastal 
upwelling), and freshwater contributions to 
the estuary by local rivers and streams. In 
addition, the three-dimensional hydrody-
namic model for the Coos estuary currently 
under development by a University of Oregon 
scientist (as of fall 2015) is described (Suther-
land 2013).

Bathymetry information came from the Unit-
ed States Army Corps of Engineers (USACE 
2014) hydrographic surveys, and surveys by 
Oregon State University scientists (Wood and 
Ruggiero 2014).

Information relating to ocean influences 
come from a variety of sources. The local sea 
level rise rate and tidal amplitude information 
were taken from NOAA’s Tides and Currents 
Charleston Station (NOAA 2015). Flushing 
times were informed by graduate thesis work 
from the mid-1970’s (Arneson 1976).  Newly 
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collected, unpublished data from the South 
Slough National Estuarine Research Reserve 
(SSNERR) were used to describe estuary 
currents (SSNERR 2015). Upwelling patterns 
for the Pacific Northwest came from the 
Northwest Fisheries Science Center website 
(NWFSC 2015).

Freshwater discharge data were compiled 
from existing reports (e.g., Cornu et al. 2012) 
and data from on-going  stream monitoring 
efforts (USGS 2015b). Spatial information 
describing stream size and type was based on 
Oregon Department of Forestry Geographic 
Information System (GIS) streams data (ODF 
n.d.). 

Meteorology: Meteorological data for the 
project area came mainly from two sources: 

1. SSNERR’s System Wide Monitoring Pro-
gram (SWMP) data.  SWMP is a long term 
monitoring program that collects a variety 
of water quality and meteorological data. 
In this data summary, meteorological data 
from 2007-2014 were used, which includ-
ed air temperature, precipitation, wind 
speed and direction, and photosynethi-
cally active radiation (PAR)(SWMP 2015). 

 
2. North Bend Municipal Airport (Airport) 

meteorological data provided online by 
the Western Regional Climate Center 
(WRCC n.d., MesoWest 2015). We used 
air temperature, precipitation, and wind 
speed and direction data from 1931-
2014. 

Since it is the largest available data set and 
represents the most complete record of 
long-term meteorological trends, we used the  
Airport data wherever possible. Additionally, 
because the Airport is closer to the geograph-
ic center of the project area, data from this 
monitoring station may be considered gener-
ally more representative of the project area 
as a whole. In cases where Airport data were 
not available (e.g., PAR), the SWMP data were 
used as alternatives. 

In addition to the above-mentioned sources, 
the Meteorology data summary describes the 
Pacific Decadal Oscillation. This information 
is available through the Joint Institute for the 
Study of the Atmosphere and Ocean (JISAO 
2015).  Wind speed and direction data were 
analyzed and the associated figures were 
generated using Openair, a statistical package 
developed by Carslaw and Ropkins (2012).
 
Geology: The Geology data summary de-
scribes the tectonic activity affecting the 
project area, along with its related history of 
infrequent earthquakes and tsunamis. Bed-
rock formations, superficial deposits, soils, 
and landslides are also discussed. 

Spatial data used to support the Geology data 
summary came from multiple sources. The 
Oregon Department of Geology and Mineral 
Industries (DOGAMI) compiled geological 
data for Oregon from various state and feder-
al agencies, student theses, and consultants 
as part of a six year project (DOGAMI 2009). 
This data set enabled us to characterized the 
faults and folds within and near the project 
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area. The United States Geological Survey 
(USGS 2005b) provided spatial information 
characterizing the locations of those faults 
and folds in the U.S. believed to be sources of 
significant earthquakes (those of magnitude 
6 or greater) during the past 1.6 million years 
(paleoseismic earthquakes). These USGS data 
also provided information on age, direction 
and rate of slippage, angle and direction 
of dip, visibility, and type (e.g., strike-slip, 
normal, reverse, thrust) of each paleoseismic 
fault.  

Landslide spatial information came from 
DOGAMI (2014) efforts to compile previously 
mapped landslides, LiDAR-based mapping of 
landslide features, and aerial photography re-
view. It also included information on landslide 
classification, depth of failure, movement 
type, and confidence of interpretation (i.e. 
that the features called landslides are actually 
landslides), along with known costs associat-
ed with damage and losses. This dataset was 
cropped to the project area to identify land-
slide-prone areas where historic landslides 
have occurred.

Distribution of lands at high or moderate de-
bris flow risk was provided by Oregon Depart-
ment of Forestry (ODF 2000a). This dataset 
was derived from USGS Digital Elevation 
Models (DEMs) of the project area landscape; 
DEMs are used to evaluate slope steepness, 
stream channel confinement, and shape of 
debris flow deposits (fan shape). Historical 
information on debris flows was also used to 
inform the USGS dataset. 

USGS (2015a) is a compilation of earthquake 
metrics (e.g., magnitude, amplitude, hypo-
center, etc.) measured by contributing seismic 
networks, such as the Pacific Northwest Seis-
mograph Network, the Oregon State Univer-
sity Geophysics Group, and the University of 
Oregon Department of Geology. 

Soil distribution information came from the 
National Cooperative Soil Survey (USDA 
2000), which provides the most detailed spa-
tial data available about soils in the project 
area. This information came from digitizing 
maps and revising digitized maps using re-
motely sensed information.

Other information for the Geology data 
summary was provided by primary literature 
and agency reports. For example, definitions 
of major soil types found in the project area 
were provided by Haagen (1989); information 
about tsunami history was provided by Kelsey 
et al. (2005).  

Land Use/Land Cover: The topics discussed 
in the Land Use/Land Cover data summary 
include the distribution of land use and land 
cover (LULC) in the project area’s nine sub-
systems and their changes over time. LULC 
types include: forests, scrub/shrub, grassland, 
agriculture, developed/urban, barren, water, 
and wetlands. 

Two extensive, multi-year sources of recent 
LULC data were used for this summary: the 
National Land Cover Database (NLCD) and the 
Coastal Change Analysis Program (C-CAP). 
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The NLCD was developed by a group of U.S. 
federal agencies called the Multi-Resolution 
Land Characteristics Consortium (MRLC), 
and is based on Landsat satellite imagery 
and supplemental data sources (Homer et al. 
2012). NLCD spatial data are available for the 
years 1992, 2001, 2006, and 2011. These data 
are national in scope and have 16 general 
land use and land cover classes, plus four 
vegetation types used for Alaska only.  Only 
the classes relevant to the project area are 
included in the LULC data summary as out-
lined in its Table 1. The 1992, 2001, and 2006 
editions of the NLCD data were retrofitted to 
enable comparisons with the 2011 dataset 
(Fry et al. 2009; Sohl, pers. comm, 2015). 
The 2011 NLCD data are based primarily on 
a decision-tree classification of Landsat data 
(Homer et al. 2012). 

Areas near the U.S. coastline are also in-
cluded in the C-CAP land cover data from 
NOAA (C-CAP 2014). Land cover change for 
Oregon is available for the years 1996, 2001, 
2006 and 2010. NOAA is one of the member 
agencies for the MRLC, so C-CAP land cover 
data are similar to NLCD data.  Both are based 
on remotely sensed imagery, at 30 meter 
resolution, and both try to update their data 
sets every five years. The primary differences 
between the C-CAP and NLCD classification 
schemes are: 

1. C-CAP distinguishes unconsolidated shore 
materials from other “barren” lands; and 

2. C-CAP includes several additional wetland 
classes that NLCD does not. 

However, both classification schemes can be 
aggregated to nine LULC categories: agricul-
ture, barren (bare land), developed/urban, 
forest, grassland, scrub/shrub, water, emer-
gent wetlands, and woody wetlands. 

Additional data sources, a 1970’s USGS data 
set (USGS 2005a), Oregon Department of 
Forestry’s (ODF) ground surveys between 
1895 and 1898 (ODF 2000b), and a Potential 
Natural Vegetation map developed from 1938 
data by Tobalske and Osborne-Gowey (2002), 
provide “snapshots” of past LULC mapping 
efforts. However, because these maps differ 
in source materials, methods, resolution, and 
classification schemes, they cannot be di-
rectly compared to the recent NLCD or C-CAP 
data. 

Finally, two models designed to project land 
cover patterns into the future are briefly 
described in the data summary.  Models 
described are: 1) Coastal Landscape Analysis 
and Modeling Study (Kline et al. 2003); and 2) 
a GIS-based, deterministic model created by 
ODF (2014).  

Human Infrastructure: The Human Infrastruc-
ture data summary describes for the project 
area: 1) location and condition of, and man-
agement responsibility for levees; 2) location 
of tide gates; 3) location and percent cover 
of impervious surfaces; 4) location of storm-
water outfalls; and 5) location and density of 
roads.  Most data were derived from analyses 
of existing spatial data (e.g., OCMP 2011a), 
but several reports were used to augment 
these data (e.g., NOAA 2010).
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Thresholds for maximum recommended 
densities for impervious surfaces and roads 
referenced in the data summary came from 
a variety of sources, including agency reports 
(e.g., USEPA 2014) and peer-reviewed litera-
ture (e.g., Forman and Alexander 1998).

Spatial data describing project area levees 
and tidegates came from an OCMP geospa-
tial database that uses LiDAR data and aerial 
photography (OCMP 2011a, b, c). The original 
purpose of this dataset was to provide coastal 
managers with quantitative information 
about levees and tide gates in Oregon estu-
aries. Location and condition of levees were 
digitized from LiDAR products and verified by 
field ground truthing and “participatory map-
ping,” where local experts in each estuarine 
system were asked to offer their best profes-
sional judgments.

Information about levee-protected lands was 
derived from tax-assessor maps, by identi-
fying tax parcels immediately adjacent or 
abutting levees (OCMP 2011b). 

Tide gate locations were identified from local 
inventories (e.g., ODOT tide gate locations, 
fish passage barriers, restoration projects), 
local expert knowledge, and on-the-ground 
investigations, then digitized with the benefit 
of LiDAR landscape contour and elevation 
data (OCMP 2011c).

The impervious surface data are products of 
the NLCD provided by MRLC, created for the 
years 2001, 2006, and 2011 (MRLC 2015). 
MRLC’s Percent Developed Imperviousness 

maps were created by: 1) classifying images 
with a nominal spatial resolution of 1 meter 
into pervious or impervious surfaces and 
summed within 30-meter Landsat pixels to 
obtain a percentage; 2) using the reference 
data and Landsat spectral bands to calibrate 
density prediction models; and 3) spatially 
extrapolating the models for per-pixel imper-
viousness (NLCD 2001 metadata). 

Stormwater outfall locations were provided 
by the Cities of North Bend and Coos Bay for 
outfalls within their city limits (City of North 
Bend 2005, City of Coos Bay n.d.).

Roads spatial data came from the Oregon 
Department of Transportation’s statewide 
compilation of roads (ODOT 2014).

Climate Change Summary: The National Oce-
anic and Atmospheric Administration (NOAA) 
Coastal Services Center created maps to show 
predicted sea level rise inundation extents 
ranging from 1-6 ft (above MHHW)(USDOC 
2012). These maps inform coastal managers 
and scientists about related coastal flood-
ing impacts. Scenarios were created using a 
modified bathtub model, which accounts for 
local/regional tidal variability and hydrologic 
connectivity. Data used to create the model 
came from DEMs and a tidal surface model 
(which was created with NOAA’s VDatum in 
conjunction with spatial interpolation/extrap-
olation methods). Models do not take into 
account potential erosion scenarios.
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Data Gaps and Limitations

Geographic Features: Some of the informa-
tion presented in the Geographic Features 
data summary may be dated, because the 
best available information came from an Or-
egon Department of Fish and Wildlife report 
from 1979 (Roye 1979). 

Hydrology: Our understanding of tidal hy-
drology in the Coos estuary is limited or 
dated information.  Bathymetry data (bottom 
contours) are available for the main shipping 
channel in the Coos estuary but elsewhere 
the data are severely limited. The incomplete 
nature of bathymetry data affects our ability 
to more fully understand tidal flushing rates 
in the estuary because these rates are largely 
based on estuarine bathymetry.  In addition, 
the tidal flushing rates reported in the data 
summary are referenced from a 1976  report 
(Arneson 1976) which will not reflect changes 
which have taken place in the estuary since 
then (e.g., changes in the size of the Coos 
estuary’s commercial shipping channel).  

Head of tide information came from a 1989 
Oregon Department of State Land (ODSL) 
report, which was then digitized into a GIS 
shapefile using both on-screen and manual 
digitization methods in 2000 (ODSL 2000). 
The methods detailing how head of tide 
locations were determined in the 1989 report 
were not included in the original publication 
and the authors are since deceased. Heads of 
tide locations appear to include major tribu-
taries only; minor tributaries were excluded. 
Many heads of tide locations for the project 
area include observation dates, but not all. 

Years of listed observations were in differ-
ent years (either 1979 or 1984) and months 
(March-July). Observations were all made 
during high tides, but whether or not they 
were made during the highest high tide of 
the day was not mentioned (it’s a logical to 
assume they were but this is not confirmed in 
the source material). Likewise, it is unknown 
if high river and stream flows were accounted 
for.

Meteorology: The Meteorology data summa-
ry makes use of two meteorological monitor-
ing stations in the project area: 1) the North 
Bend Municipal Airport monitoring station 
(WRCC n.d., MesoWest 2015); and 2) SS-
NERR’s meteorological monitoring station lo-
cated in Charleston (SWMP 2015).  Two addi-
tional stations are located in the project area 
(NOAA’s Climate Reference Network station 
in upper South Slough and the meteorological 
monitoring station associated with the NOAA 
tide station in Charleston), but were not used 
because these data sets are not as complete 
as the Airport and SWMP data. Furthermore, 
the locations of the unused data are encom-
passed by the Airport and SWMP sets.  

The analysis of project area meteorology data 
was limited by the resources available. The 
two stations we used oftentimes produced 
vast data sets (some data collected multiple 
times per hour for the past 10-20 years), com-
prehensive analysis of which was beyond the 
scope of this project.  While we were able to 
use those data to characterize basic meteoro-
logical status and trends for the project area, 
we feel there would be significant benefit 
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to making a special effort to secure funding 
to complete a more robust analysis of those 
large data sets.   

The meteorological data are subject to 
quality assurance and quality control (QA/
QC) concerns (e.g., equipment malfunction, 
instrument recording error, failure to deploy 
instrument, instrument calibration issues, 
etc.).  Data that have been compromised by 
QA/QC concerns were dropped prior to anal-
yses. In rare cases, the validity of wind speed 
data from the MesoWest (2015) dataset were 
called into question even in the absence of 
any QA/QC flags. Observations from these 
data meeting the following illogical or unlikely 
conditions were removed prior to analysis:  

• Sustained wind speed exceeds the speed 
of wind gusts.

• Unlikely high sustained wind speed (e.g., 
129 mph reported on July 12, 2005)

• Unreasonably large gap between sus-
tained wind speed and speed of wind 
gusts (e.g., sustained winds of 6 mph and 
wind gusts of 92 mph reported on Octo-
ber 25, 2012)

It is important to note that the removal of 
questionable observations from these data 
sets does not obscure seasonal or long-term 
trends, because the number of compromised 
data points represents a very small percent-
age of all meteorological observations.

We also favored the use of the SWMP (2015) 
data for precipitation analyses since the Me-
soWest (2015) data included several thousand 

observations indicating the highly unlikely 
occurrence of storm events during which the 
amount of local precipitation received in a 24-
hour period met or exceeded 60 inches (the 
approximate annual precipitation total for the 
project area). 

SSNERR staff maintain the SWMP meteoro-
logical monitoring station. From 2007-2014 
this station was located on the University of 
Oregon Institute of Marine Biology (OIMB) 
campus in Charleston near the northern end 
of the South Slough Subsystem. In December 
2014, OIMB installed a new wind turbine in 
proximity to the SWMP monitoring station 
which raised concerns about the turbine’s 
potential effects on the station’s data.  As a 
result SSNERR is relocating the SWMP mete-
orological monitoring station. Beginning in 
2016, data collection will occur at a new loca-
tion in Tom’s Creek Marsh near the southern 
end of the South Slough Subsystem. Although 
this data summary reports only data occur-
ring prior to 2016 (i.e., prior to the move), 
it should be noted that future comparisons 
of pre-2016 meteorological SWMP data to 
post-2016 data should be made with caution 
because of this change.  

This data summary uses a technique called 
“time series decomposition” to examine 
the data for long-term air temperature and 
precipitation trends. Although this method 
shows that no trends are immediately appar-
ent for air temperature or precipitation in the 
80-year data set, it should be noted that this 
does rule out possible longer-term trends for 
the project area. For example, it’s feasible 
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that an overall warming trend in the project 
area may have occurred since the Industrial 
Revolution (early 18th century). However, 
since data are only available starting in the 
early 20th century, it could be the case that 
this warming trend is not detectable because 
the time horizon of the available data may be 
too small to detect any true long term trend. 

Analyses of changes in the frequency and 
intensity of storm events requires access to 
very high resolution data over a very long 
time period. To understand the intensity of a 
storm, one must have access to complete and 
highly detailed meteorological records (e.g., 
precipitation received per hour). Although the 
SWMP (2015) dataset provides precipitation 
data at this level of detail, it includes only 
seven years of data (2007-2014), which is not 
enough time to facilitate meaningful analyses 
of change in storm frequency and intensity. 
Furthermore, the 80-year MicroWest (2015) 
data set only provides precipitation totals 
over 24-hour periods, subject to the QA/QC 
concerns mentioned above. At this point, the 
currently available meteorology data do not 
appear to lend themselves to support mean-
ingful analyses of changes to storm frequency 
and intensity in the project area.  

For the reasons listed above, we suggest 
that additional data collection and analysis 
is needed to fully understand meteorology 
trends in the project area.

Geology: Several caveats should be noted 
about the spatial data sets used in the Geolo-
gy data summary. 

First, it’s likely that the DOGAMI (2014) 
landslide data are not comprehensive for the 
project area; not all landslides were identified 
in the data. This information is a compilation 
of several data sources which varied in scale 
and accuracy.

Second, debris flow spatial data provided 
by ODF (2000) should be used for general 
information, and not used to determine 
actual hazards at any given location. Hazard 
values were based on slope, basin area, and 
rock formation. On-the-ground verification 
was completed to check mapping accuracy. 
Horizontal accuracy at the 1:24,000 scale was 
about 45 ft.

Third, the accuracy of the fault and fold infor-
mation from DOGAMI (2009) may be limited 
because it’s a compilation from various data 
sources; accuracy varies according to the 
source data. However, it should be noted 
that in the process of creating this dataset, 
DOGAMI did check for discrepancies between 
sources and made adjustments as needed. 

Finally, fault and fold data from USGS (2005) 
is intended to be used at 1:250,000 or smaller 
scales, which is smaller scale (i.e., bigger area) 
than the project area. The accuracy at their 
intended scale equates to 450 ft for fault/fold 
line placement.

Land Use/Land Cover (LULC): Data accuracy 
varies by geographic region and specific LULC 
classes.  The data are most accurate when ap-
plied to regional or national analyses, rather 
than local evaluations. The accuracy of these 
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data for our study area is unknown and would 
require local information and additional anal-
ysis to determine. 

Overall accuracy in the Pacific Northwest was 
determined to be 83% (standard error = 2%) 
for NLCD 1992 Anderson Level I classes, and 
63% (standard error = 2%) for Level II (Wick-
ham et al. 2004).  Level I classes comprise 
broad categories; Level II classes comprise 
more specific categories. A comparison of 
NLCD 1992 with similar data in Rhode Island 
and Massachusetts revealed acceptable ac-
curacy for developed land, agriculture, forest, 
and water, but consistently poor classifica-
tions for rangeland, wetlands, and barren 
lands (Hollister et al. 2004). In the 2001 NLCD 
data, the region encompassing coastal Ore-
gon had an overall “user’s accuracy” of 79% 
at Level II, but varied from 20% for woody 
wetlands to 98% for high-intensity devel-
oped land (Wickham et al. 2010). The “user’s 
accuracy” measures the probability that the 
mapped classification corresponds to what is 
on the ground (Congalton 2005).  Wickham et 
al. (2010) reported a substantial improvement 
in the national accuracy of forest and crop-
land classes from the 1992 data to the 2001 
and 2006 data.  On the other hand, the user 
accuracy for land cover change between 2001 
and 2006 for the same region was below 50% 
for the classes agriculture gain, agriculture 
loss, water loss, and forest gain (Wickham et 
al. 2013).  All NLCD data are considered “pro-
visional” until a formal accuracy assessment 
is done and is not yet available for the 2011 
NLCD.

In addition, unlike previous years’ NLCD clas-
sifications, the 2011 NLCD data for the Coos 
Bay area excludes the estuary itself- the water 
body. This important data gap confounds 
direct comparisons among years based on 
subsystem land cover percentages. To com-
pensate for this discrepancy, percentages for 
NLCD 2011 data were calculated using the 
land areas without the estuary and also by 
approximating the estuary extent by inserting 
the 2006 NLCD data. Another land cover class 
affected by the depiction of the estuary is 
the “Barren” or “bare land” category because 
mudflats and other shoreline areas may or 
may not be visible in the satellite imagery. 
Apparently the images show low tide in some 
years and high tide in others, thus the water 
and Barren percentages fluctuate.  

Because C-CAP and NLCD are based on the 
same source information, it’s assumed that 
overall accuracy for the shared land cover 
types are generally the same. In the C-CAP 
data, small areas classified as perennial ice 
or snow were assumed to be errors caused 
by bright reflective surfaces including, but 
not limited to, temporary frost, snow, or ice.  
Because the snow/ice errors were less than 
0.1% of the study area, the data were re-
tained “as is”. 

Neither the NLCD nor the C-CAP data dis-
tinguish between natural forest and trees 
managed for timber production.

It is important to recognize several differenc-
es between the 1970’s data (USGS 2005a) and 
subsequent land cover maps. First, different 
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methods, source materials, and classification 
schemes were used. Second, the 1970’s maps 
were also substantially coarser (larger min-
imum mapping unit) than subsequent data, 
with an unknown accuracy rate. The 1970’s 
data, and other historic data, are presented 
in the data summary to indicate general land 
cover trends and the evolution of LULC data 
over time.

The ODF (2000b) map depicting timber 
production and burned areas in the project 
area is also less detailed due to its small 
scale (1:500,000). It does not include all land 
cover categories, therefore cannot be used 
for direct comparisons with more recent 
classifications. Similar issues regarding spatial 
and categorical resolution also exist for the 
pre-settlement vegetation map (Tobalske and 
Osborne-Gowey 2002). 

Human Infrastructure: The coarse-scale 
OCMP data, which were used to highlight 
lands in the project area excluded from tidal 
flooding (currently or historically) by levees 
(Figure 5 in the Human Infrastructure data 
summary), are derived solely from tax asses-
sor data. No hydrology or elevation data were 
used to estimate tidally-excluded acreage. 
Therefore, some lands not meeting the sim-
ple mapping criteria would be excluded from 
the map (e.g., low lying parcels not adjacent 
to a levee, or uplands adjacent to levees).  

OCMP (2011c) tide gate information is very 
useful but appears to not be a fully compre-
hensive inventory since it was largely based 
on existing information and without the bene-

fit of additional systematic field surveys.
 
According to the metadata associated with 
the NLCD 2010 Percent Developed Impervi-
ousness data, the accuracy of zone 2, which 
encompasses the study area, is 86.7%.

A study by Roy and Shuster (2009) found that 
field measurements of Total Impervious Area 
(TIA) were considerably higher than the NLCD 
values in a small suburban basin in Cincin-
nati, Ohio. Use of the NLCD-based data in 
this study may therefore under-estimate the 
actual percentages of impervious surfaces for 
the project area.  Roy and Shuster also recom-
mend on-site assessments to accurately map 
Directly Connected Impervious Areas (DCIA):  
those impervious surfaces that drain storm 
water directly to specific waterways through 
storm drains.  Neither DCIAs nor semi-im-
pervious areas (such as compacted soil) are 
described in this data summary because no 
reliable data are currently available. Although 
some coefficients have been developed for 
estimating DCIA as a function of land use in 
the Northeastern United States (USEPA 2014), 
these values have not been evaluated for use 
in the project area.

Storm drain outfall locations were only avail-
able for the cities of North Bend and Coos 
Bay. Spatial information for outfalls in the 
project area are thus under-representative.

ODOT (2014) spatial road data were com-
piled from numerous sources throughout the 
state, based on best available data from each 
road authority. We used data relevant to the 
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project area. Data have been compiled and 
digitized differently by each jurisdiction and 
thus are subject to different levels of accura-
cy. ODOT does validate some of its data (e.g., 
flags milepoints that are not logical). They as-
sume a 1:24,000 accuracy for the entire state. 
The data used in this summary are ODOT’s 
public data and do not include roads whose 
locations were restricted for distribution. 
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How Local Effects of Climate Change 
Could Affect Physical Features
in the Lower Coos Watershed
There are several climate-related changes expected on the Oregon coast 
that could potentially affect the physical features of the Coos estuary:

 § Sea level rise will likely alter land uses in 
shoreline areas. 

 § The structural integrity and function of 
tide gates, levees, and other waterway 
structures may be affected by sea level rise.

 § Climate-related changes in river and 
stream hydrology may change key natural 
processes such as sediment transport and 
erosion that shape the existing landscape.

 § Climate change may affect local weather 
conditions, including air temperature, 
precipitation, and high wind events.

Top: Entrance to 
the Coos Estuary 
Photo: SSNERR

Middle: Eroding 
Hillside Photo: 
SSNERR

Right: Peak Flow 
below Coos River 
Subsystem’s  Gold 
and Silver Falls 
Photo: SSNERR

This climate change summary focuses on the 
effects of climate-related changes to physical 
features of the project area (i.e., land cover, 
hydrology, geology, meteorology, and water 
course structures). Although the anticipated 
changes to these physical features may result 
in ecosystem responses (e.g., shifting hydrol-
ogy may affect the distribution of plants and 
foraging species such as deer and elk), these 
feedback effects are not discussed here. For a 
discussion of the effects of climate change on 
plant and animal communities in the project 

area, refer to the Table of Contents to find the 
applicable climate change summary.  

Climate change may affect the physical fea-
tures of the lower Coos watershed through 
sea level rise and changing weather patterns 
(meteorology). Even relatively minor chang-
es in sea level and meteorology could alter 
local geophysical processes such as sediment 
transport in local waterways, as well as ero-
sion and landslides hazards elsewhere. Antic-
ipating the exact effects of these changes is 
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difficult for a number of reasons, not the least 
of which is the fact that coastal processes are 
complex and will likely respond uniquely to 
climate-related change along different parts 
of the coast (Scavia et al. 2002).  Despite this 
uncertainty, existing research offers some im-
portant clues as to how the physical aspects 
of the project area may change as the climate 
continues to evolve.  

Sea Level Rise

Sea level rise (SLR) has the potential to ex-
pand the amount of land within the project 
area that floods on both a regular basis (tidal 
flooding) and during storms.  The project area 
and subsystem maps presented in Figures 
1 through 6 illustrate flooding associated 
with four tide levels relative to Mean High-
er High Water (MHHW):  1) current regular 
tidal flooding at MHHW level; 2) regular tidal 
flooding with MHHW level raised two feet by 
SLR; 3) regular tidal flooding with MHHW lev-
el raised four feet by SLR; and 4) regular tidal 
flooding with MHHW level raised six feet by 
SLR.  MHHW is the average of all higher high 
tides during the current National Tidal Datum 
Epoch (1983-2001), and is about equal to the 
elevation of the highest part of a salt marsh, 
just below the tree line. Figure 1 includes 
the entire project area and Figures 2-6 show 
detailed views of project area subsystems. 
These maps show normal higher high tide 
flooding levels and do not illustrate possible 
tidal inundation during extreme high tide con-
ditions (any above average higher high tide 
levels). It’s important to note that storm-driv-
en high tides will cause flooding problems for 
developed areas in the lower Coos watershed Figure 2. Sea level rise scenarios in the South Slough subsys-

tem. Data: USDOC 2012.

Figure 1. Sea level rise scenarios in the Project Area. Data: 
USDOC 2012. Subsystems: CR- Coos River; CS- Catching Slough; 
HI- Haynes Inlet;   IS- Isthmus Slough; LB- Lower Bay; NS- North 
Slough; PS- Pony Slough; SS- South Slough; UB- Upper Bay
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long before SLR causes current upland areas 
to flood during regular higher high tides.  
Storms frequently help create above average 
higher high tide flooding.

In the future SLR has the potential to “drown” 
tidal marshes and eelgrass beds important 
for supporting  local fisheries. Those habitats 
remain at a constant elevation relative to tidal 
flooding through the incremental accumula-
tion of sediments imported with each high 
tide.  Scientists have not yet determined 
whether marshes, eelgrass beds, or even sand 

Top: Figure 3. Sea level rise scenarios in the 
North Slough and Haynes Inlet subsystems.  
Data: USDOC 2012.

Below left: Figure 4. Sea level rise scenarios 
in the Lower Bay and Pony Slough subsys-
tems. Data: USDOC 2012.

Below right: Figure 5. Sea level rise scenar-
ios in the Upper Bay and lower Coos River 
subsystems. Data: USDOC 2012.

Bottom: Figure 6. Sea level rise scenarios 
in the Isthmus Slough and Catching Slough 
subsystems. Data: USDOC 2012.
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and mud flats will be able to keep pace with 
sea level rise (see sidebar). Sedimentation 
accumulation rates may adjust with sea level 
rise resulting in very little change to the es-
tuarine habitats. However, if SLR accelerates, 
it may out-pace sediment accumulation and 
cause significant change in the Coos estuary. 

Accelerated SLR could result in substan-
tial changes to current land use within the 
project area. Scavia et al. (2002) explain that 
coastal communities may adopt one of two 
basic strategies for dealing with SLR: hold the 
sea back or allow shorelines to move inland. 
Although this is a simplification of a complex 
trade-off between development and SLR, it 
highlights a fundamental climate change-re-
lated land use issue: SLR is likely to facilitate 
the conversion of existing terrestrial land 
uses (e.g., agriculture, development, forest) 
into aquatic systems (e.g., estuary, forested 
swamp, open water) in low-lying shore lands 
where tide waters are permitted to migrate 
inland (Rosenzweig et al. 2002).  This conver-
sion will likely not occur in areas where rising 
ocean levels are managed through shore-
line defenses (e.g., levees, revetments, tide 
gates). 

Although it’s difficult to determine exactly 
how SLR might change future land use in the 
project area, existing land use may offer some 
clues. For example, some researchers suggest 
that it is unlikely the existing shoreline will 
be allowed to migrate inland near the exist-
ing high tide zone in areas where high value 
real estate already exists (Glick et al. 2007; 
Yamanaka et al. 2013).  

In addition to potentially affecting land use 
decisions, SLR could affect the hydrology 
of the Coos estuary. OCCRI (2010) explains 
that the Coos estuary is classified as a tidal-
ly-dominated drowned river mouth with tidal 
influence reaching far up the Coos River and 
other river and stream systems in the lower 
Coos watershed. Since the ocean’s tidal influ-
ence plays such a major role in determining 
the hydrological characteristics of this system, 
future SLR can be expected to make that 
ocean influence even more significant than 
it already is, causing tidal influence to reach 
even farther up local rivers and streams into 
freshwater marshes and swamps.  Research-

Sea Level Rise

Our local NOAA tide station in Charleston has 

documented an average rate of sea level rise 

(SLR) of 0.84 mm (0.03 inches) per year aver-

aged over the past 30 years (0.27 feet in 100 

years).  The rate of SLR is expected to acceler-

ate over time.  For example, according to the 

National Research Council (NRC), predicted 

SLR rates for the area to the north of Califor-

nia’s Cape Mendocino (the study’s closest site 

to the Coos estuary), are reported as high as 

+23 cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 .  

Sources: NOAA Tides and Currents 2013, NRC 

2012
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ers expect SLR to permanently convert many 
of the region’s coastal freshwater wetlands 
to brackish and salt marshes, moving tidal 
freshwater habitats further upstream (again, 
where tide waters are permitted to migrate 
inland)(Glick et al. 2007; Scavia et al. 2002).  

In some cases, SLR combined with other 
climate-related changes could cause feedback 
loops that may exacerbate the loss or conver-
sion of wetland areas or otherwise change 
the existing physical features of the project 
area. For example, SLR coupled with expected 
increases in storm intensity may decrease dry 
land cover, a trend that could result in in-
creased rates of erosion, especially if climate 
change results in heightened storm surges 
within the project area (OCCRI 2010; Ruggiero 
2008).   

SLR may also result in conditions that could 
challenge the integrity of existing waterway 
structures.  As much of 70-95% of the his-
torical extent of tidally-influenced wetlands 
in the project area has been converted 
to terrestrial-based land uses (e.g., urban 
development, agriculture) by the historic 
construction of levees, tide gates, and other 
structures that control water flow (CoosWA 
2006; Hofnagle et al. 1976). These structures 
were constructed to prevent tidal flooding of 
converted lands during high tide, and allow 
waterways behind dikes and tide gates to 
flow into the estuary during low tide. Rising 
sea levels, especially during storm tides, will 
put increasing pressure on these and other 
shoreline structures, thus requiring additional 
maintenance or mechanical improvements.     

Changing Watershed Hydrology 

Jones (2011) describes climate-related 
changes in stream flow as “one of the most 
significant consequences” of global climate 
change. In Oregon, watershed hydrology is 
likely to change as precipitation and tempera-
ture continue to evolve with climate change 
(OCCRI 2010). For example, in those parts 
of Oregon affected by snow pack, climate 
change experts predict streams will likely ex-
perience increased winter flow and decreased 
summer flow due to changes in temperature 
(IPCC 2007; OCCRI 2010). But since snow pack 
does not affect stream flows in the project 
area, and significant changes in Oregon coast 
precipitation are not expected (see below), 
experts remain unsure how much change in 
watershed hydrology to expect locally.

Changing Meteorology

Generally, it’s hypothesized that climate 
change could alter local weather by affecting 
air temperature, precipitation, and wind (i.e., 
increasing storm frequency and intensity). 
Researchers emphasize the Pacific Ocean’s 
influence on project area meteorology which 
will both enhance and obscure the effects of 
climate change on local weather. For exam-
ple, Dalton et al. (2013) explain that climate 
variability in the Pacific Northwest is “domi-
nated by the interaction between the atmo-
sphere and ocean in the tropical Pacific Ocean 
responsible for El Niño and La Niña.” They 
cite warmer than average temperatures and 
drier than average conditions that are typical 
of El Niño winters and springs as an example 
of the Ocean’s influence on Pacific Northwest 
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weather. Even though climate change signals 
may be made “noisy” by the influence of the 
Pacific Ocean, experts project that the fol-
lowing changes to weather may occur in the 
project area.

 § Increasing air temperatures:  Although 
data from the project area show no dis-
cernible warming trends since the early 
20th century, this may be an anomaly 
worth investigating further. Mote (2003) 
suggests that the “vast majority” of tem-
perature monitoring stations in Oregon, 
Washington, Idaho, and British Colum-
bia have indicated that air temperature 
has increased since the 1920s.  These 
conclusions have been corroborated by 
researchers and policy makers who found 
that the average increase in annual tem-
perature has been about 0.6-1.7° C (1-3° 
F) in the Pacific Northwest over the past 
century (OSU 2005). While this warming 
trend may be explained by natural climat-
ic variation in the first half of the 20th 
century, it appears that increased concen-
trations of atmospheric greenhouse gases 
may have contributed to the continuation 
of this trend in recent years (Water Re-
sources Breakout Group 2004 as cited in 
OSU 2005). Air temperatures are expect-
ed to continue warming, with the average 
increase in annual temperature expected 
to reach approximately 2.3°C (4.1°F) by 
2040 (Mote 2003).

 § Precipitation: The effects that climate 
change will have on Pacific Northwest 
precipitation patterns is a matter of con-

tinued debate. On one hand, researchers 
suggest that precipitation regimes seem 
to be changing in the Pacific Northwest.  
For example, Dalton et al. (2013) explain 
that since the 1970s there have been 
larger than average year-to-year changes 
in precipitation, concluding that precipita-
tion in the Pacific Northwest has become 
increasingly volatile over the past 40 
years. Similarly, the United States Global 
Change Research Program indicates the 
Pacific Northwest has experienced a mod-
est increase in precipitation since 1915, 
with annual precipitation totals about 
10% higher than their early 20th centu-
ry levels (USGCRP 2001 as cited in OSU 
2005). But even though OCCRI (2010) and 
Mielbrecht et al. (2014) suggest possi-
ble climate change-related decreases in 
summer precipitation and more intense 
winter rain events for Oregon, research-
ers emphasize uncertainty by pointing out 
that precipitation has shown no clearly 
increasing or decreasing trend in the 
Pacific Northwest during the 20th century 
(Dalton et al. 2013)(see sidebar).

 § Changes in Wind Patterns: The local 
effects of climate change may affect 
the frequency and intensity of extreme 
wind events on the southern Oregon 
coast. However, the exact effects of 
climate change on wind remain un-
certain. Ruggeiro et al. (2013) explain 
that intense winter storms crossing the 
Northern Pacific ocean typically make 
landfall in the Pacific Northwest latitudes 
(i.e., between 42°- 48°N) and sometimes 
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achieve hurricane force wind speeds. 
Some climate change experts report that 
these storms may have become stronger 
since the 1970s, as suggested by statis-
tically significant increases in both wind 
speeds and average wave height on the 
Oregon coast (OCCRI 2010, Ruggeiro et 
al. 2013).  Similarly, others have docu-
mented a clear increase in wind speed 
during “extra-tropical” storm events 
(storms occurring outside of the tropical 
latitudes) in the north Pacific Ocean since 
the 1940s (Graham and Diaz 2001; Favre 
and Gershunov 2006).  Despite evidence 
to suggest that climate change may result 
in increased intensity and frequency of 
wind storms on the Oregon coast, some 
researchers conclude that the impact 
has been negligible on the Oregon coast, 
because storm surge records show no in-
crease in surge levels since the late 1960s 
(Allan et al. 2011). 

Changes in Precipitation Timing, Fre-
quency, and Intensity  

In the future, precipitation in coastal Ore-

gon is expected to remain a predominately 

wintertime phenomenon (i.e., most precip-

itation will continue to occur in winter), but 

the extent to which precipitation timing, 

frequency, and intensity on the Oregon 

coast may change remains uncertain. There 

is some evidence that high-intensity storms 

are becoming more frequent, and that the 

frequency of weak to moderate-strength 

storms is declining.

Sources: Sharp 2012, OCCRI 2010, OSU 2005
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Geographic Features of the
Coos Estuary and Lower
Coos Watershed

Figure 1. Coos 
estuary shoreline 
at Mean High 
Water (MHW). 
Data source: 
DLCD 2011

     Summary:  
 � The Coos estuary is the second 

largest estuary in Oregon, and the 
sixth largest on the US west coast.

 � Large expanses of intertidal 
sand and mud flats complement 
channels, eelgrass beds, vegetated 
marshes, and swamps to provide a 
diversity of estuarine habitats. 

 � After a century and a half of 
development about ten 

 percent of the original tide  
 lands remain.

Steep forested hills of 
the South Slough (left), 
wetlands (below) and the 
expansive  tide flats of the 
Coos  River delta (below 
left) typify the variety 
of habitats found in the 
lower Coos watershed.
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This data summary consists of three sections 
in which the geographic features of the Coos 
estuary and lower Coos watershed are briefly 
described.  In the Current Features section, 
geographic features as they exist today are 
described. In the Historic Changes to the 
Coos Estuary section, several key differences 
between current geographic features and 
historic conditions are described.  And in the 
Many Uses of the Coos Estuary section we 
discuss some of the estuary-dependant activi-
ties taking place in the project area.

Current Features

Coos Estuary
At latitude 43° 21’ N, longitude 124° 20’ 
W, the Coos estuary is the largest estuary 
completely within Oregon (second largest in 
Oregon after the Columbia River estuary), and 
the sixth largest on the US west coast (Rumrill 
2006)(Table 1). 

The surface area of the Coos estuary at Mean 
High Water (MHW) is approximately 50 km2 
(19 mi2)(Figure 1), or approximately 34 km2 
(13 mi2) at Mean Sea Level (MSL)(Hyde 2007). 
The average depth of the Coos estuary is 4 m 
(13 ft) and average volume is 0.14 km3 (0.03 
mi3)(Hickey and Banas 2003). The estuarine 
drainage area (the part of the Coos watershed  
which empties into the estuary) is 1,500 km2 
(580 mi2)(NOAA 1985). 

The Coos estuary is composed of two tidal 
areas: the intertidal area, which is subject to 
daily tidal fluctuations, and the subtidal area, 
which is always flooded (i.e. deep channels). 
The intertidal comprises 47% of the MHW 

Tidal Datums 

Tidal datums commonly used in this sum-
mary are described below:

Mean Sea Level (MSL) is based on hourly 
average water level at the local tide sta-
tion in Charleston, OR.

Mean High Water (MHW) is average 
height of all high tides.

Mean Lower Low Water (MLLW) is the 
average of the lower of the two low tides 
each tidal cycle.

Tidal datums are based on a 19-year 
period of water level averaging (called 
the National Tidal Datum Epoch) which 
is established by NOAA’s National Ocean 
Service. The current epoch is based on tide 
level averages between 1983 and 2001. 

Source: NGS 2015

area (23.5 km2 / 6 mi2 )(Percy et al. 1974 in 
Hickey and Banas 2003). Extensive filling and 
diking in the Coos estuary and its tributary 
sloughs for agricultural, industrial and urban 
development have reduced the intertidal area 
to about 10% of its pre-settlement extent 
(Roye 1979). It should be noted that these 
figures are over 30 years old and may have 
changed.   

The Coos estuary’s commercial shipping 
channel is routinely dredged by the US Army 
Corps of Engineers (USACE) to an average 
depth of 11.5 m (38 ft)(MLLW) and width of 
300 m (984 ft)(Hyde 2007). USACE maintains 
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Table 1. Sizes of the largest coastal estuaries on the west coast. 
Data source: NOAA 1985

a shallower, narrower channel to the Charles-
ton marina at the mouth of South Slough, and 
to the shipyard just south of the Charleston 
bridge.

Discounting the dramatic change rendered 
by the shipping channel, the Coos estuary ex-
hibits the typical features of a drowned river 
valley estuary type. It features a V-shaped 
cross section, a relatively shallow and gently 
sloping estuary bottom, and a fairly uniform 
increase in depth from the upper, river-dom-
inated part of the estuary toward the mouth. 
For more detailed bathymetry information, 
see the Hydrology data summary in this 
chapter.

Two massive rock boulder jetties guard both 
sides of the Coos estuary mouth to help 
maintain a deep channel and ensure safe ship 
and boat passage across the bar to the ocean.  
An inner rock jetty helps protect the Charles-
ton marina from winter storm surges and 
powerful waves that can pass through the 
mouth of the estuary. Two turning basins and 

an anchorage basin for commercial shipping 
traffic are located in the upper portion of the 
Coos estuary. 

From the entrance, the lower bay runs nine 
miles northeast then swings to the south 
after the McCullough Bridge in North Bend 
and widens into the tide-flat dominated up-
per bay. The Coos River enters the upper bay 
near the confluence with Catching Slough, 
about 27.35 km (17 mi) from the mouth of 
the estuary (Roye 1979). Coos River empties 
through two channels. The north, unmarked 
Cooston Channel flows up the east side of 
the estuary and empties abreast of the city of 
North Bend. The Marshfield Channel, marked 
by lighted range markers and buoys, crosses 
the flats to the city of Coos Bay shoreline then 
turns north along the western side of the 
estuary.

Estuarine Regions

In the Oregon Estuary Plan Book, Cortright et 
al. (1987) describe four distinct regions in the 
Coos estuary – Marine, Bay, Slough and River-
ine – each based on distinct physical features 
and bottom types, salinity gradients, habitats, 
and dominant species. There are no distinct 
boundaries between the regions, but each 
has distinctive features.

The highly energetic Marine region extends 
from the Coos estuary mouth up to about 
river mile (RM) 2.5. Although the estuary en-
trance is protected by jetties, powerful waves 
nevertheless propagate through the mouth 
during winter storms. Water quality and 
salinity are similar to the open ocean in this 
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region, but it is moderated by rain-fed river 
and stream flow during winter months. 

The Bay region, divided into the Lower Bay 
and the Upper Bay, is characterized by broad, 
mostly unvegetated (except for intertidal 
eelgrass beds) tidal flats exposed at low tide 
and flooded by brackish water during higher 
tides. Tidal flats range from sandy to muddy 
throughout the bay, depending on currents 
and circulation. Sand may be either terrestrial 
(erosional) or carried into the lower bay from 
nearby ocean sources (Aagard et al. 1971, in 
Roye 1979). 

The Lower Bay region begins above RM 2.5 
and extends to about the railroad bridge at 
RM 9. Water salinity in this region is slightly 
fresher than in the ocean, whose influence 
gradually diminishes throughout this zone as 
the distance from the ocean increases. 

The Upper Bay begins at the railroad bridge 
(RM 9) and extends to the southeastern 
corner of Bull Island at RM 17 (Figure 2c). 
Although the shoreline has been drastically 
altered over the past 150 years, the upper 
bay still includes extensive tidal flats, many 
acres of which are used for commercial oyster 
cultivation. The shipping channel runs along 
the western shore of the upper bay to access 
the shipping terminals located along the de-
veloped shorelines of the cities of North Bend 
and Coos Bay. 
The Coos estuary includes multiple Slough re-
gions. A half-dozen major sloughs and at least 
as many lesser sloughs feed the estuary. Most 
of the intertidal areas associated with the 

sloughs have been developed for various land 
uses through historic wetland filling, diking 
and draining activities. Eleven of the sloughs 
are described in more detail in ‘Slough Sub-
systems’ below.

About 30 tributaries enter the Coos estuary 
from the lower portions of the Coos water-
shed’s 605 mi2 drainage area, most entering 
by way of various sloughs. Several form river-
ine estuarine subsystems above the sloughs. 

The Coos estuary includes multiple Riverine 
regions, the Lower Coos River being the main 
one. It forms at the confluence of the Millico-
ma River and the South Fork Coos River. From 
the mouth of the estuary, the head of tide 
is located approximately 51.5 km (32 mi) up 
the South Fork Coos River and 54.72 km (34 
mi) up the Millicoma River (Wilsey and Ham 
Inc. 1974 in Roye 1979). See the Hydrology 
summary in this chapter for more information 
about heads of tide. 

Slough Subsystems

The following major slough subsystems are 
described in more detail: South Slough, Pony 
Slough, North Slough, Haynes Inlet (detailing 
Palouse and Larson Sloughs within), Isthmus 
Slough, and Catching Slough (Figure 2a-c).  
The much smaller Kentuck and Willanch 
Sloughs and Echo Creek in the upper bay are 
also described. The Coos Watershed Associ-
ation (CoosWA), having completed habitat 
assessments in many of these sloughs to 
identify opportunities for habitat restoration, 
provided the foundation for much of the 
information in this section. 
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South Slough: Oriented north/south near the 
mouth of the Coos estuary, the South Slough 
estuary surface area is approximately 5.46 
km2 (2.11 mi2) at MHW, making it Coos estu-
ary’s largest slough (Table 2). 

Over 225 km (140 mi) of freshwater streams 
flow into the estuary from the 7,935 ha 
(19,600 ac) South Slough watershed. Win-
chester Creek is the largest of the creeks, and 
it forms the head of South Slough’s western 
Winchester Arm. The eastern Sengstacken 
Arm is fed by Elliot, Talbot, John B. and other 
smaller creeks. Joe Ney Creek, the northern-
most arm of South Slough, forms a tributary 
slough (Rumrill 2006).

Pony Slough: Pony Slough is the most heavily 
developed slough. Commercial develop-
ment began around the slough in 1917. Pony 
Slough was once a triangular embayment, 
but now it is a narrow channel about a mile 

Table 2. Wetted estuarine surface area at Mean High Water 
(MHW) for the Coos estuary and each major subsystem. 
Derived from: DLCD 2011

long with a wide tide flat on both sides of its 
mouth. It currently has a wetted surface area 
of 1.15 km2 (0.45 mi2)(Table 2).

North Slough: The northernmost sub-basin 
of the Coos estuary, oriented northeast to 
southwest, has an estuary surface area of 
1.92 km2 (0.74 mi2) at MHW (Table 2). 

According to CoosWA (2006), North Slough 
watershed drains an approximately 2,995 ha 
(7,401 ac) watershed and includes 83.7 km 
(52 mi) of streams. The main stem of North 
Slough is approximately 2.41 km (1.5 mi) long 
from the tide gate at U.S. Highway 101 to the 
Bear Creek-North Slough Creek confluence. 
The main channels of Bear Creek and North 
Slough Creek are approximately 6.92 km and 
7.40 km (4.6 mi and 4.3 mi) long, respectively. 
Elevation in the basin ranges up to 292.61 m 
(960 ft) above sea level (CoosWA 2006). 

Haynes Inlet: Haynes Inlet extends about two 
and a half miles northeast from its conflu-
ence with the Coos estuary, just east of North 
Slough. The estuary surface area of Haynes 
Inlet at MHW is 3.16 km2 (1.22 mi2)(Table 2). 
It drains a 2,881 ha (7,120 ac) watershed, 
which includes two major salmon producing 
tributaries, Larson and Palouse creeks. 

CoosWA’s (2006) Larson and Palouse creek 
assessments describe those system as once 
supporting substantial tidal marsh area. Today 
the creeks are both restricted by major tide 
gates, one of which (Larson) was upgraded 
in 2001 to a fish-friendly style tide gate. The 
drainage area of Larson watershed is approx-
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Figure 2a. 
Northern portion 
of the Coos estuary 
shoreline at Mean 
High Water (MHW) 
using 2011 vector 
shoreline data. Major 
subsystems are des-
ignated by color. Data 
source: DLCD 2011

Figure 2b. 
Southern portion 
of the Coos estuary 
shoreline at Mean 
High Water (MHW) 
using 2011 vector 
shoreline data. Major 
subsystems are des-
ignated by color. Data 
source: DLCD 2011
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Figure 2c. 
Eastern portion of 
the Coos estuary 
shoreline (i.e., the 
Coos River subsys-
tem) at Mean High 
Water (MHW) using 
2011 vector shoreline 
data.  Data source: 
DLCD 2011

imately 2,810.18 ha (6,944 ac) and includes 
approximately 75.96 km (47.2 mi) of streams. 
From the tide gate near the mouth, the Lar-
son main stem is approximately 12.87 km (8.0 
mi) long. The elevation in the basin ranges up 
to 421.54 m (1,383 ft) above sea level. 

The Palouse watershed is approximately 
2,814 ha (6,954 ac). There are approximate-
ly 78.05 km (8.5 mi) of streams within the 
Palouse watershed including very small in-
termittent headwater streams. From the tide 
gate at the mouth, the Palouse main stem is 
approximately 14.65 km (9.1 mi) long. The 
elevation in the basin ranges up to 463.30 m 
(1,520 ft) above sea level. 

Isthmus Slough:  The shoreline of Isthmus 
Slough, the second largest slough subsys-
tem in the Coos estuary, is well developed. 
It  includes the southern-most portion of 
the Coos estuary’s commercial shipping 
channel. Coalbank Slough, Shinglehouse 
Slough, and Davis Slough are all tributary to 

Isthmus Slough which has a wetted surface 
area of 3.39 km2 (1.31 mi2) at MHW (Table 2). 
Isthmus Slough watershed covers 8,682 ha 
(21,456 ac), which is 5.4% of the entire Coos 
watershed (CoosWA 2011).

Catching Slough:  Catching Slough enters the 
Coos estuary at the mouth of the Coos River. 
It is fed by several small streams, the largest 
of which is Ross Slough. Catching Slough is 
about 16.9 km2 (10.5 mi2) long and drains 
a 1,012 ha (2,500 ac) watershed (CoosWA 
2008). It is the smallest of the major sloughs 
with an estuary surface area of 0.7 km (0.27 
mi) at MHW (Table 2).

Kentuck Slough: The Kentuck sub-basin is 
oriented east to west, and is made up of two 
major tributaries, Kentuck and Mettman 
Creeks. These streams converge in the low-
lands to form Kentuck Slough, which drains 
into the Coos estuary through a major tide 
gate (not yet fish-friendly). The drainage area 
of the watershed is approximately 4304.64 ha 
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(10,637 ac). There are approximately 95.40 
km (59.28 mi) of streams within the drainage 
basin. From the tide gate at East Bay Drive, 
Kentuck main stem is approximately 13 km 
(8.1 mi) long, and Mettman Creek main stem 
is 5.47 km (3.4 mi) long. The elevation in the 
basin ranges up to 406.60 m (1,334 ft) above 
sea level.

Willanch Slough: The Willanch sub-basin is 
located south of Kentuck Slough and is also 
oriented east to west. It drains into the Coos 
estuary through a now fish-friendly tide gate. 
Willanch Creek’s main tributary is Johnson 
Creek which converges from the south ap-
proximately 5.63 km (3.5 mi) upstream from 
the mouth. The drainage area of Willanch 
sub-basin is approximately 2,172.76 ha (5,369 
ac). The total length of streams within the 
Willanch sub-basin is approximately 54.40 km 
(33.8 mi). The Willanch main stem is approxi-
mately 9.65 km (6 mi) in length. The elevation 
in the basin extends up to 368.5 m (1,209 ft) 
above sea level. 

Echo Creek: The Echo sub-basin is the small-
est slough system, found in the southeast-
ern portion of the bay. It consists of four 
streams that empty directly into the Coos 
estuary’s Cooston Channel, which runs along 
the eastern side of the upper Coos estuary’s 
mud flats (Upper Bay region). The Echo Creek 
sub-basin is bordered on the south by the 
South Fork Coos River, which converges with 
the bay at the southern tip of the sub-basin. 
The drainage area is approximately 479.14 ha 
(1184 ac). The sub-basin has approximately 
17.1 km (10.6 mi) of streams, with Echo Creek 

main stem approximately 7.23 km (4.49 mi) in 
length. The elevation in the basin ranges up 
to 275.23 m (903 ft) above sea level. 

Historic Changes to the Coos Estuary

According to Oberrecht (2001), when the first 
Euro-American immigrants began to settle in 
1853, the Coos estuary’s main channel was 
about 3 m (10 ft) deep and 61 m (200 ft) wide 
at the mouth. The channel deepened up the 
estuary in the Lower Bay region to about 3.5 
m (11.5 ft). In the Upper Bay region, above 
North Bend, the main channel gradually 
decreased in width and depth until at Marsh-
field (current day Coos Bay) the channel was 
about 15 m (50 ft) wide by about 1.8 m (6 ft) 
deep, with numerous shoals. 

In the mid-twentieth century the lower Coos 
River changed its course through the up-
per bay (Aagard et al. 1971, in Roye 1979). 
Formerly, the main channel of the Coos River 
flowed through the Cooston channel east of 
Bull Island. At the northern end of Bull Island 
the channel split into the west-flowing Marsh-
field Channel and the East Channel, which 
continued north along the eastern shore-
line. Over time the effects of logging (e.g., 
splash-damming and log-rafting) and dredg-
ing widened the channel south of Bull Island, 
so that the main flow of the Lower Coos River 
and Catching Slough is now along the western 
shore of the estuary along the Coos Bay and 
North Bend waterfronts (Aagard et al. 1971, 
in Roye 1979). The tendency for channel mi-
gration remains, since changes in hydrograph-
ic conditions may have unpredicted effects on 
channels and shorelines. 
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Tidal marsh filling historically occurred along 
the Coos estuary’s western shore (much of 
Coos Bay’s business district is built atop filled 
marshes), south of the Marshfield Channel 
at Eastside, and on several tide flats, where 
dredged materials now form several for-
ested spoil islands. In the decades before 
federal and state laws began to regulate the 
alteration and filling of wetlands, extensive 
wetland fills occurred when dredge spoils 
from the maintenance and deepening of com-
mercial shipping channels and harbor areas 
were used to create develop-able land on the 
shores of the Coos estuary (Roye 1979).

Many Uses of the Coos Estuary

Bay and Riverine Regions
Socioeconomically, the Coos estuary is im-
portant for being the second-busiest mari-
time commerce center in Oregon, according 
to the Oregon International Port of Coos Bay 
(OIPCB 2014). The western portion of the 
Upper Bay, adjacent to the cities of Coos Bay 
and North Bend, contains deep draft shipping 
terminals where the main shipping channel 
hugs the west side of the Coos estuary.

Environmentally (and indirectly socioeco-
nomically), the Coos estuary is important for 
a number of reasons. The Riverine regions 
provide important habitat for commercially, 
recreationally, and ecologically important 
fish. Adult Coho salmon, Chinook salmon, and 
Steelhead trout populate the Coos estuary 
in the spring and fall en route to spawning 
streams. The Coos system is a major freshwa-
ter rearing area for Chinook, especially during 

their first year. The Lower Bay region of the 
estuary is also used by starry flounder and 
staghorn sculpin. Prickly sculpin and shiner 
perch occur in the upper portions (Rumrill 
2006).

The marshes of the Coos River delta islands 
constitute major tracts of salt and brack-
ish marshes. The entire eastern side of the 
Upper Bay—from Jordan Point to Bull Island, 
and west to the shipping channel—is a vast 
complex of flats, marshes, and eelgrass beds, 
providing valuable habitat and a rich source 
of organic material for the entire estuary. 
The tidal flats of the Upper Bay are feeding 
and rearing habitats for many fish species. 
Extensive brackish marshes can also be found 
on the spoil islands east of the main shipping 
channel in the Upper Bay. 

Slough Subsystems
South Slough: South Slough was selected in 
1974 as the site of the nation’s first Nation-
al Estuarine Research Reserve; as such, it 
conducts research and education programs 
focused on helping coastal communities 
effectively manage estuarine resources. South 
Slough contains about 1,000 acres of estua-
rine habitat including salt marshes, mudflats, 
and beds of eelgrass within its meandering, 
shallow channels, as well as about 5,000 
acres of upland and riparian habitat. These 
areas all provide research, education and 
recreational opportunities for Reserve staff, 
visiting scientists and educators, and visitors. 
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The unincorporated town of Charleston is 
situated at the mouth of South Slough and 
includes stores, restaurants, a motel, a mari-
na, fishing processing plants, and a shipyard. 
The University of Oregon’s Institute of Marine 
Biology (OIMB) is located in Charleston and 
conducts research and educational programs 
for University students and visiting research-
ers. 

North Slough: The North Slough has a 673 
ha (1,664 ac) salt marsh below its tide gate. 
It has undergone several changes over the 
years, including the development of Highway 
101 and historic dredging. It also provides 
key nursery habitats in the estuary for several 
important aquatic speices (e.g. salmon, trout)
(CoosWA 2006). 

Pony Slough: Pony Slough attracts many bird 
species, probably due to its sheltered location 
(Roye 1979). The most urban slough subsys-
tem, Pony Slough is completely surrounded by 
the Southwest Oregon Regional Airport, Coast 
Guard air station, Pony Village Mall, and North 
Bend residential development.

Haynes Inlet: The tidal marshes associated 
with Palouse and Larson creek floodplains  
have been converted to agricultural uses 
through diking and construction of a system 
of tide gates (Roye 1979). In 2001, CoosWA 
facilitated the replacement of the main 
Larson Slough tide gate with an upgraded 
“fish-friendly” tide gate which allows fish to 
more easily pass between Larson Creek and 
Haynes Inlet (CoosWA 2006).

Isthmus Slough: Historically, many of the 
marshes in lsthmus Slough were eliminated 
by diking, filling, and log storage. In Coalbank 
Slough alone, marshes occupied 241.6 ha 
(597 ac) in 1892, but by 1979 only 23 ha (57 
ac) remained (Hoffnagle and Olson 1974, in 
Roye 1979). On the western bank of the lower 
Isthmus Slough, multiple boat terminals and a 
marina can be accessed off the main shipping 
channel. A recreational boat launch can be 
found on the eastern shore.

Catching Slough: In the late 1800s, Catching 
Slough was an area of vast tidal marshes. 
Strong tidal flushing was responsible for 
maintaining main channel depths of 5.5-6.0 m 
(18 to 20 ft) at its confluence with the Marsh-
field Channel. By the 1940s diking of Catching 
Slough for agricultural purposes had de-
creased tidal transport and velocity through 
Marshfield Channel (Aagard et al. 1971, in 
Roye 1979).

Kentuck Slough: Today, Kentuck Slough fea-
tures tidal marshes at its mouth outside the 
main tide gate. During the early part of the 
twentieth century the lower end of Kentuck 
Slough was straightened and confined to a 
rectangular box channel and the tide gate 
constructed near its confluence with the main 
part of the estuary. In 2006, CoosWA facili-
tated the replacement of the tide gate with a 
newer one designed to provide better pas-
sage for migrating fish (CoosWA 2006). Histor-
ically, the former tidal marshes on the south 
side of the channel were converted agricul-
tural and then recreational uses (golf course). 
Plans are currently under way to restore tidal 
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flooding and marsh habitat at the golf course 
site as part of the compensatory mitigation 
required to replace the wetlands lost to 
planned development projects at Jordan Cove 
on the other side of the Coos estuary. 

Willanch Slough and Echo Creek: Extensive 
salt marshes are found along the eastern side 
of the upper bay at the mouth of Willanch 
Inlet, although most of the marsh area has 
been lost through diking and reduced tidal 
inundation from the placement of a tide gate 
in 1947. Improved fish passage across the tide 
gate occurred in 2010 when it was replaced 
with a more fish friendly side-hinged version.  
Salt marsh habitat is abundant on the Coos 
River delta islands adjacent to Echo Creek and 
on the northeastern portion of the Eastside 
peninsula.
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Lower Coos Watershed 
Meteorology

Figure 1. Location of meteorological (weather) stations in 
the project area. 

 Summary:   
 § The lower Coos watershed is 

characterized by seasonal weather 
patterns, including comparatively warm, 
dry summers and cool, wet winters.

What’s happening? 
This data summary discusses the meteo-
rological characteristics of the lower Coos 
watershed by describing the following: air 
temperature, precipitation, wind, and Pho-
tosynthetically Active Radiation (PAR). Data 
came from several meteorological (weather) 
stations in the project area (Figure 1), but for 
a number of reasons (see Chapter Summary), 

Photo: Steven Michael 

Photo: 
High Tide 
Cafe

 § Summer is characterized by consistently 
high winds from the north. Winter winds 
originate from the south and, while they 
are lighter on average, gusts from winter 
storms bring the highest wind speeds 
year-round.

 § While no underlying long term 

emphasis is given to weather data collected 
at the North Bend Municipal Airport. We an-
alyzed available data to describe both recur-
ring seasonal patterns in the project area, and  
any underlying long term trends occurring 
independently of seasonal weather patterns. 
See Table 1 for questions addressed. 

meteorological trends in the 
project area are apparent, 
additional analyses are needed.
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Table 1.  This data summary 
describes seasonal variation in 
local meteorology and looks for 
underlying long term trends in 
the data. Examples of research 
questions pertaining to these 
two topical approaches have 
been provided for clarification.   

Air Temperature
The median annual temperature in the 
project area is approximately 50.9° F (10.5° 
C), based on data from the weather station 
at the mouth of South Slough (Figure 1)
(SWMP 2015). Air temperature data display 
a clear seasonal pattern with summertime 
temperatures above the annual median and 
wintertime temperatures generally below the 
median (Figure 2). Mean monthly low tem-
peratures range from 40 - 53° F (approximate-
ly 4.4 – 11.6° C), while mean monthly highs 
range from 53 - 67° F  (11.7 - 19.6° C), based 
on data from the North Bend weather station 
(Figure 1)(WRCC n.d.)(Figure 3).  

Precipitation
Mean monthly precipitation in the project 
area varies from 0.5 to 11.5 inches (14 to 
289 mm)(WRCC n.d)(Figure 3). Not surpris-
ingly to those who live in the Pacific North-
west, precipitation displays a clear seasonal 
pattern: much more precipitation occurs in 
winter months than summer months. Also 
unsurprisingly, the magnitude of precipitation 
events show strong seasonal patterns.  The  
probability of occurrence for both large (more 
than 1 inch in 24 hours) and small (0.01 – 
0.25 inches in 24 hours) precipitation events 
decreases during the summer months (WRCC 
n.d)(Figure 4). 

Wind Speed
Wind speed in the project area is summarized 
by Table 2 and Figure 5. Wind speed data 
come from MesoWest (2015). The lower Coos 
watershed experiences sustained winds of up 
to 50 mph year-round, with an average annu-
al wind speed of approximately 12 mph. Wind 
gusts exceed 65 mph, with an annual average 
of about 26 mph.

The average speed of sustained winds varies 
seasonally, with both the highest average 
and maximum sustained wind speeds oc-
curring in the summer months (i.e., June, 
July, and August). The average speed of wind 
gusts (i.e., monthly mean) also appears to 
be highest during summer, but it should be 
noted that both the variance (i.e., standard 
deviation) and maximum speed of wind gusts 
is higher in the winter. This trend suggests 
that summer is characterized by both high 
sustained winds and consistently strong gusts 
while wintertime winds, which are lighter on 
average, are subject to more variation in the 
form of intermittent storm events associated 
with anomalously strong wind gusts.  
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Figure 2.  Air temperature observations (black) from the South Slough weather station (2007-2014). Central tendency (blue) as 
represented by seven-year median daily air temperature is 10.5° C (50.9° F). Labels occur quarterly along the time axis (i.e., the 
x axis). Air temperature data display a clear seasonal signature with warmer temperatures occurring in the summer months and 
cooler temperatures in the winter. Data: SWMP 2015

Figure 3.  Average daily temperature from the North Bend weather station (1981-2010). Mean daily low temperature (blue) is 
plotted against mean daily high temperature (red) and mean daily precipitation (green). Periods of warm temperatures occur 
during the summer months, when average daily precipitation is low. Winter is characterized by cooler temperatures and increased 
precipitation. Data: WRCC  n.d.

Figure 4.  Probability of indicated precipitation quantity in a 1-day period. Data: WRCC n.d.
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Wind Direction
Figure 6 summarizes the distribution of wind 
direction data at the North Bend weather sta-
tion (MesoWest 2015). Winds in the project 
area originate from the north, south, and the 
west, but rarely come from easterly directions 
(i.e., between approximately 30° and 130°). 
High winds (i.e., sustained winds 35-50 mph) 
generally come from the north, with high 
southerly winds occurring less frequently. 
Generally, winter months are characterized 
by south winds of approximately 10-11 mph 
on average, with high wind events occurring 
from the southwest associated with winter 
storms.  By contrast, the mean monthly wind 
speed increases to approximately 12-15 mph 
in the summer months, when the  prevail-
ing wind direction switches to the north. 
April and October appear to be “transitional 
months” that display some characteristics of 
both winter and summer winds.

Table 2.  Wind speed at the North Bend weather station (1997-2015). All speeds are reported in miles per hour. 
Data: MesoWest 2015 

Figure 5.  Wind at the North Bend weather station (1997-2015). 
Wind gusts (box and whisker plots) plotted next to monthly 
mean sustained wind speed (black line). Average monthly wind 
speed is generally higher in the summer months (dark blue) 
than the winter months (light blue). However, wind gusts are 
more variable in winter, and extreme values are higher in win-
ter months than in summer months. Data: MesoWest 2015  

Wind Speed: North Bend Weather Station
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Figure 6.  Speed and direction of sus-
tained winds at the North Bend weather 
station (1997-2015).  Wind direction is 
indicated by the underlying compass 
rose, with each spoke representing 10° 
(i.e., 9 spokes between cardinal direc-
tions). Wind speed is indicated by color, 
with darker colors representing higher 
wind speeds. Concentric rings around 
the center of the compass rose indicate 
the percentage of data coming from 
each wind speed category. Each ring 
represents 2% of all observations (see 
January for labels).  Data: MesoWest 
2015 using data package created by 
Carslaw and Ropkins 2012.

Refer to the segment labeled “Ex.” 
(outlined in yellow, in January) for the 
following example: winds coming from 
150° S at 10-14 mph represent about 4% 
of all January winds, because the length 
of this segment spans approximately 2 
concentric rings. 
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Photosynthetically Active Radiation (PAR)
PAR measures solar radiation available to 
plants for photosynthesis (see sidebar be-
low). PAR data from the North Bend weather 
station suggest that average daily PAR varies 
seasonally, with the highest daily mean occur-
ring, not surprisingly, during summer months 
(Figure 7). PAR also appears to vary on a daily 
basis depending on the seasonal changes 
such as the length of the “photoperiod” (i.e., 
daylight hours) as well as other factors (e.g., 
cloud cover)(Figure 8).  

Long Term Meteorological Trends
In order to analyze the data for underlying 
long term trends, this data summary makes 
use of “time series decomposition” where 
the data are robust enough. This statistical 
technique highlights trends by controlling for 
both seasonal variation and statistical “noise” 
in the data (see sidebar below). Decomposi-
tion of both air temperature and precipitation 
series yield no immediately apparent trend 
(Figures 9 and 10).  Similar analyses were not 

Photosynthetically Active Radiation

Photosynthetically Active Radiation (PAR) 
measures the amount of light in the 400-
700 nanometer wavelength range. Light in 
this wavelength range is readily available 
for plants to use in photosynthesis, the pro-
cess that allows them to convert sunlight 
to energy for growth. PAR is commonly 
reported in units of millimoles per square 
meter (mmol m2). 

PAR values vary depending on several 
factors determining light availability (e.g., 
season, latitude, time of day, cloud cover).  
High PAR levels promote plant growth. 

The continued monitoring of PAR ensures 
that local land managers have the in-
formation they need to track long term 
changes in climate-related light levels  that 
may affect agricultural, habitat conserva-
tion or restoration operations. 

Source: Fondriest Staff 2010 

Seasonal Time Series

There are three components to seasonal 
time series data: 1) seasonality (a recurring 
pattern influenced by seasonal factors); 
2) trends (overall increasing or decreasing 
pattern); and 3) statistical “noise” (varia-
tions in the data that cannot be identified 
as either seasonality or trends). 

Seasonal time series relationships can 
be complicated and may require the use 
of special analytical techniques to ade-
quately describe. For example, seasonality 
data and statistical noise can obscure an 
underlying trend. Statisticians are able to 
examine time series data for underlying 
trends by “decomposing” the series into its 
component parts and controlling for both 
seasonal effects and statistical noise. 

This data summary highlights the under-
lying trend of meteorological time series 
data by simultaneously “smoothing” 
statistical noise and “seasonally adjusting” 
a series. This technique isolates the trend 
component of a time series and allows 
for a clearer presentation of any under-
lying pattern not dependent on seasonal 
variation. 

Source: Hyndman and Athanasopoulos 2014 



8-45Physical Description in the Coos Estuary and the Lower Coos Watershed

Figure 7.  Seasonal signature of PAR based on seven year average (2007-2014) shows that mean daily PAR increases during the 
summer months and decreases during the winter months. Data: SWMP 2015 

Figure 9.  Seasonally adjusted long term air temperature trends (1931-2014) for both maximum daily temperature (red) and mean 
daily temperature (blue). Raw data (green) have been controlled for both seasonal effects and statistical noise. Linear regression 
of seasonally adjusted trend on year suggests that temperature change over time is not statistically different from zero (i.e., no 
change) when controlled from seasonal variations.  Data: WRCC n.d.

Figure 8.  PAR over the course of a single day shows a daily pattern of peak solar radiation during the afternoon. Radiation occurs 
during daylight hours between sunrise and sunset (dashed lines). Radiation is strongest during the summer months. PAR Data: 
SWMP 2015; Daylight Hours Data: TimeandDate.com 2015
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Figure 11.  Visual inspection of PAR time series at the South Slough weather station (2007-2014) suggests that, although PAR is 
clearly seasonal, no noticeable increasing or decreasing trend over time exists. Data: SWMP 2015 

Figure 10.  Seasonally adjusted long term precipitation trend (1931-2014) for total monthly precipitation (blue). Raw data (green) 
have been controlled for both seasonal effects and statistical noise. Linear regression of seasonally adjusted trend on year sug-
gests that precipitation change over time is not statistically different from zero (i.e., no change) when controlled from seasonal 
variations.  Data: WRCC n.d.

conducted for wind or PAR, because the size 
of these data sets (18 years for wind and 7 
years for PAR) is not conducive to analysis of 
long term trends. However, visual inspection 
of the available PAR data suggest that, al-
though PAR is highly seasonal, there does not 
appear to be any significant change in PAR 
over time (Figure 11).

It’s important to note the information pre-
sented in this data summary is subject to 
data limitations.  More analysis is needed to 
determine how meteorological patterns may 
or may not have changed in the project area 
over time. For a discussion of data limitations, 
see the Chapter 8 summary. 

Storm Events and Climatic Variability
Due to the data limitations mentioned above, 
it is difficult to determine whether the inten-
sity of storms in the project area has changed 
over time. Similarly, it is also difficult to assess 
overall trends in climatic variability (i.e., mag-
nitude of changes in temperature, precipi-
tation, etc.). Decomposition analysis shows 
no apparent trend in the variance of either 
air temperature or precipitation over time, 
when controlling for seasonal effects and 
statistical noise (Figures 12 and 13). However, 
more detailed data and additional analyses 
are needed to fully understand how extreme 
weather events and climatic variability in the 
project area may have changed over time. 
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Figure 12. Variance of raw air temperature data (green) plotted against seasonally adjusted trend for variance of both mean daily 
temperature (blue) and maximum daily temperature (red). Data show no clear trend in variance and linear regression (black) 
since 1931, which suggests that the change in variance over time is not statistically different from zero (i.e., variance remains 
unchanged over time).  Data: WRCC n.d.  

Figure 13. Variance of total monthly precipitation (green) plotted against seasonally adjusted trend (red). Data show no clear 
trend in variance of monthly precipitation and linear regression (black) since 1931, which suggests that the change in variance 
over time is not statistically different from zero (i.e., variance remains unchanged over time).  Data: WRCC n.d.  

Why is it happening? 

The world’s oceans play a critical role in 
determining climate conditions of coastal 
environments by absorbing and distributing 
solar radiation, fueling the hydrological cycle, 
and generating storms (Boesch et al. 2000). 
Rumrill (2008) explains that two ocean envi-
ronmental factors influence climate over the 
Pacific Northwest, the Oregon coast and Coos 
Bay: Large-scale variability in atmospheric 
pressure over the northern Pacific Ocean 
(Pacific Decadal Oscillation- PDO), and cyclical 
patterns in nearshore ocean currents. The 
relationship between PDO and meteorologi-
cal patterns in the project area (data from the 
North Bend weather station), suggest that a 
weak but positive correlation between these 
two factors exists (Figure 14).

The cool, southerly California Current system 
is the predominant oceanographic feature 
that influences climate between Cape Men-
docino, California, and the mouth of the 
Columbia River, which includes the project 
area. The California Current is about 500-750 
mi (800-1,200 km) wide and generally flows 
south at a rate of about 2.5-5 mi (4-8 km) per 
day. In summers, a narrow, deep current (the 
California Undercurrent) flows northward at 
depths below 650 ft (200 m)(Halpern et al. 
1978 as cited in Rumrill 2008). It is relatively 
fast and flows at a rate of 4-10 mi (6-16 km) 
per day (Rumrill 2008; Mysak 1977; Collins 
et al. 2000). From late August to October 
the nearshore component of the California 
Current weakens, although flows remain in 
a southerly direction farther offshore (Briggs 
1974 as cited in Rumrill 2008). From Novem-
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ber through February the swift Davidson 
Current flows northward at a rate of about 
5.5-12.5 mi (9-20 km) per day, at all depths, 
across the continental margin between the 
California Current and the shoreline.

The Coos estuary is exposed to the full force 
of Pacific Ocean storms when winter winds 
begin to blow in November. These produce 
large swells and push rain and moisture 
inland, generating enormous waves that can 
cause significant erosion as well as sediment 
movement and deposition. During the transi-
tion to spring (April-May) the offshore winds 
become northwesterly and generally remain 
so through the summer and early fall. 

Northwesterly winds trigger the spring-sum-
mer upwelling pattern, which can modify 
coastal climate and biological productivity. 
When strong northwesterly winds persist for 
several days, surface waters near the coast 
are pushed west by the rotation of the Earth, 
away from shore. The offshore flow causes 
cold, nutrient-rich water from the deep ocean 
to well up near the shore. Although the most 

active upwelling is restricted to a narrow 
band approximately 5-15 mi (8-24 km) from 
shore, upwelling greatly influences currents 
across the entire continental shelf. Upwelling 
also modifies the summer climate, causing 
coastal fog that can persist onshore for days 
or weeks when “upwelled” cold ocean waters 
meet warm, moist air. 

Upwelling contributes to high levels of biotic 
productivity throughout the region. Indeed, 
the rates and volumes of upwelling observed 
between Cape Mendocino and the mouth of 
the Columbia River are greater than any-
where else along the west coast of North 
America. While upwelling tends to be stron-
gest between Cape Mendocino and Cape 
Blanco, evidence of upwelling is demonstrat-
ed by the patchy distribution of temperate 
faunal communities as far south as the north-
ern coast of Baja California (Rumrill 2008).

Figure 14. Seasonally adjusted total monthly precipitation (black) plotted against the Pacific Decadal Oscillation (PDO). PDO is 
measured by a “unitless” index that is negative during cool phases of the PDO (blue) and positive during warm phases (red).   
Linear regression analysis shows a positive and statistically significant relationship between PDO and seasonally adjusted precip-
itation (p= 0.05), meaning that precipitation is likely to increase slightly during the warm phase of the PDO and decrease slightly 
during the cool phase. Alternative statistical measures also show a weak but positive correlation between the two variables (Pear-
son’s r= 0.09).  R2=0.007. One interpretation of this correlation is that although ocean conditions appear to influence precipita-
tion, they are not perfect predictors of precipitation, because other variables (e.g., dew point as determined by air temperature) 
are also likely to contribute.  Precipitation Data: WRCC n.d.; PDO Data: JISAO 2015
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Hydrology of the Lower 
Coos Watershed
Summary:  

 � The South Fork Coos and Millicoma 
Rivers provide the largest source of 
fresh water to the Coos estuary.

 � Coastal upwelling and tidal 
exchange help drive estuarine 
productivity. Their benefits can be 
greatly affected by cyclical oceanic/
climate variations (e.g., El Niño, 
Pacific Decadal Oscillation). 

 � A hydrodynamic (circulation) model 
will soon enable scientists and 
coastal managers to investigate the 
affects of planned or anticipated 
future changes on the Coos estuary.

                

Storm-driven waves break at the 
entrance to the Coos estuary.

Figure 1. Project area rivers and streams contributing fresh water to the Coos 
estuary, sorted by size. Large stream flows average ≥10 cfs/year;  Medium stream 
flows average 2-10 cfs/year; Small stream flows average ≤2 cfs/year. Data: ODF 
n.d., OAR 2015. Subsystems: CR- Coos River, CS- Catching Slough, HI-Haynes Inlet, 
IS- Isthmus Slough, LB- Lower Bay, NS- North Slough, PS- Pony Slough, SS- South 
Slough, UB- Upper Bay

Tide gate regulates tidal flooding at Willanch 
Slough.              
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What’s happening? 

This data summary describes the information 
that allows scientists, resource managers, 
landowners, developers, and other stakehold-
ers to understand the behavior of water in 
the lower Coos watershed. It also describes 
the monitoring and modeling which provide 
users with hydrology-related data, including 
river and stream discharge, tide information 
(timing, tide heights, current velocity and di-
rection), and water temperature and salinity 
patterns (daily/seasonal) in the Coos estuary.   

Water Movement in the Coos Estuary
The Coos estuary is the project area’s dom-
inant hydrological feature; it is the water 
body into which all the hydrological elements 
associated with the lower Coos watershed 
(e.g., ocean, rivers, streams, groundwater) are 
either directly or indirectly connected (Figure 
1).  

Water movement in the Coos estuary is con-
trolled primarily by ocean and fluvial (river) 
forces, but is also greatly influenced by the 
estuary’s bottom contours (bathymetry), 
wind direction and speed, and climate-related 
processes, such as coastal upwelling, El Niño, 
and  Pacific Decadal Oscillation. Each of these 
controlling factors affects: 1) how well-mixed 
water salinity and temperatures are between 
the estuary’s surface and deeper waters 
(vertical mixing); 2) how stratified the estuary 
is (how often denser waters (high salinity and 
low temperature) are separated in the estu-
ary’s water column from lighter waters (low 
salinity and high temperature)); 3) what the 

residence time for estuarine waters is (how 
long water resides in the estuary or how rap-
idly it gets flushed out);  and 4) how swiftly 
and in what directions the estuary’s tidal and 
fluvial currents flow. 

The timing and duration of these physical 
conditions largely determine which estuarine 
plant and animal communities become estab-
lished in and near the estuary. The status of 
these estuarine plant and animal communi-
ties can greatly influence our local communi-
ty’s commercial and recreational activities.

The Coos estuary changes remarkably with 
the seasons. For example, the Coos estuary is 
considered to be vertically well-mixed in the 
summer and partially mixed in the fall.  In the 
winter the estuary is considered highly strat-
ified; bottom waters, especially in the lower 
estuary, largely consist of a tidally-driven 
“salt wedge” separated from fresher surface 
waters (O’Neill and Sutherland 2015). 

A newly developed computer-based hydro-
dynamic model is helping us understand 
Coos estuary’s water movement patterns. 
Ultimately, this system could be used to help 
predict the environmental effects and com-
mercial costs associated with development 
or conservation proposals associated with 
the Coos estuary, as well as helping plan for 
catastrophic coastal hazards such as earth-
quakes and tsunamis. Dr. David Sutherland, 
Assistant Professor of Geological Sciences at 
the University of Oregon, has nearly com-
pleted this project as of summer 2015. It is a 
three-dimensional model of the Coos estuary 
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Figure 3. Station locations for the  South Slough National
Estuarine Research Reserve acoustic Doppler current profiler 
(ADCP) station, NOAA Charleston Tide Station, and stream 
gaging stations maintained by Coos Watershed Association. 

(Figure 2), and consists of a high resolution 
Coos estuary-shaped three-dimensional 
digital grid into which Dr. Sutherland loads 
river discharge, surface and bottom water 
temperature, salinity, tidal current velocity 
and direction from data loggers deployed 
in the estuary and local rivers and streams. 
Modeling software processes these very 
large data sets so that eventually, the model 
will be a closely accurate representation of 
the estuary’s year-round behavior, including 
water circulation and associated attributes 
(temperature, salinity).  

When the model is complete, it could be used 
to inform local stakeholders’ decision mak-
ing associated with issues local community 
members have expressed interest in such as: 
the likely affects of sea level rise on coastal 
developments; the extent and speed at which 
spilled oil spreads under different weather 
and tide conditions; seasonal or long term 
water quality variations in nearshore ocean 
and lower estuary waters where hypoxic (low 
dissolved oxygen) areas persist; Dungeness 
crab larvae dispersal patterns; the potential 
effects on commercial oyster cultivation asso-
ciated with relocating the secondary waste-
water treatment plant outfalls elsewhere in 

Figure 2. Computer screenshots of the prototype of the Coos estuary hydrodynamic model showing water surface salinity before, 
during and after a freshwater discharge event. Salinity color legend is shown at right.  Sutherland 2013.

the Coos estuary (Sutherland n.d., C. Cornu 
pers. comm. 2015).

In 2013-14, South Slough National Estuarine 
Research Reserve (SSNERR) staff deployed 
and maintained numerous instruments to 
help Sutherland validate his Coos estuary 
hydrodynamic model.  They set up water 
level, temperature, and salinity instruments 
for one year at various locations in lower and 
mid-Coos estuar y. They also deployed as an 
acoustic Doppler current profiler (ADCP) for 
one year in the lower estuary to collect local 
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Figure 5. Surface (2 m depth) vs. bottom (8 m depth) speeds 
as measured by the acoustic Doppler current profiler (ADCP).  
Figure: Sutherland 2015; Data source: SSNERR 2015. 

water current velocity and direction data 
(Figure 3)(SSNERR 2015).  Sutherland has in-
corporated these usable data into the model.  
River discharge data, managed by the Coos 
Watershed Association (CoosWA), were also 
used to validate the model and are discussed 
in more detail below.

The ADCP water current velocity data clearly 
show the cyclical nature of water currents 

in the Coos estuary (Figure 4). Differences in 
water surface velocity (at a depth of about 2 
m) compared to bottom velocity (at about 8 
m) are also apparent (Figure 5). While both 
surface and bottom currents moved at about 
the same average velocity (0.5 m/s and 0.45 
m/s respectively), data show surface waters 
moved more often at greater velocities than 
bottom waters (D. Sutherland pers. comm. 
2015). The highest observed surface water 
velocity was 1.8 m/s, while the highest ob-
served bottom velocity was 1.2 m/s. Veloci-
ties in the Coos estuary are strongly linked to 
rising and falling tides. Therefore, patterns are 
more closely linked with the lunar cycle than 
with seasonal changes. Other non-tidal forc-
ings that do have a seasonal component, such 
as river discharge, also affect velocity; howev-
er, these currents are much slower than tidal 
currents (averaging 0.1 m/s)(D. Sutherland 
pers. comm. 2015). 

Coos Estuary Bathymetry

Water movement in the Coos estuary is great-
ly affected its bottom contours, or bathyme-
try. Available Coos estuary bathymetry data 

Figure 4. Depth-averaged speed of estuarine water over time. Different colors represent individual deployments of the acoustic 
Doppler current profiler (ADCP). Figure: Sutherland 2015; Data source: SSNERR 2015. 
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come from the United States Army Corps of 
Engineers (USACE) and Oregon State Univer-
sity (OSU). 

USACE surveys indicate that the estuary’s 
average depth is nearly -8.5m (-28 ft) relative 
to North American Vertical Datum of 1988 
(NAVD88); the deepest part of the estuary 
measures -20.7m (-68 ft) NAVD88 near the 
mouth of the Coos estuary (Figure 6). It 
should be noted that because the USACE 
surveys are designed to characterize the ba-
thymetry of Coos Bay’s commercial shipping 
channel, they focus their efforts on the deep-
er parts of the estuary (although their surveys 
extend slightly into shallower regions around 
the estuary’s northern bend).  Therefore, US-
ACE’s depth averages are likely greater than 
the actual average depth of the Coos estuary 
(USACE 2014). 

Very little information is available for the 
shallow portions of the estuary that extend 

laterally beyond the regularly dredged ship-
ping channel. The information we do have 
has been provided by OSU scientists, who 
completed 35 transects across the estuary in 
2014 using their Coastal Profiling System. This 
system pairs high speed personal watercraft 
with echo sounder and Global Positioning 
System (GPS) instruments, allowing them to 
survey shallow parts of the estuary that larger 
survey vessels are unable to navigate (Figure 
7). Their deepest point was similar to USACE’s 
in both location and depth: -20.5 m (-67 ft) 
NAVD88 near the mouth of the estuary. The 
shallowest points were -0.9 m NAVD88. The 
average depth of all their survey points (both 
channel and shallow data) was -3.9 m (-12.8 
ft) NAVD88. 

Tidal Influences 

Tides affect Coos estuary hydrology as far into 
the project area as Allegany on the Millicoma 
River, and near Dellwood on the South Fork 
Coos River. In the northeast portion of the 
Coos estuary, most major “heads of tide” (the 

Figure 6. Known bathymetry of the Coos estuary. The estuary 
boundary is outlined in blue. Data came from regular U.S. 
Army Corps of Engineer hydrographic surveys, and bathymetry 
surveying conducted by Oregon State University in 2014. 
Data Source: USACE 2014; Wood and Ruggiero 2014

Figure 7. Oregon State University’s Coastal Profiling System 
set-up, which allows access to shallow sections of the estuary. 
Source: Wood and Ruggiero 2014
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Figure 9. Monthly mean sea level trend at NOAA’s  Charleston, OR tide station from 1970 to 2014. Seasonal fluctuations due 
to coastal water temperatures, salinities, winds, atmospheric pressures and ocean currents are removed. Source: NOAA 2015

Figure 8. Approximate major head of tide locations for the 
Coos estuary. It should be noted that these approximate loca-
tions were identified using distinctively qualitative methods: 
e.g., “best professional judgment” observations from single 
site visits or recollections of local landowners. Data: DSL 2014.   

transition zone between tidal and non-tidal 
waters) end at tide gates (Figure 8)(DSL 2014). 
The exact location of heads of tide can vary. 
Wind-driven storm surges and heavy precip-
itation (high river stage) can affect the upper 
reaches of the tide’s influence. 

The Coos estuary is subject to mixed semi-di-
urnal tides (i.e., two unequal low and two 
unequal high tides per day). The maximum 
observed tide at NOAA’s Charleston station, 
near the mouth of the Coos estuary, was 
in January 1983 at 3.408 m (11.7 ft) above 
mean lower low water (MLLW)(Figure 3)
(NOAA 2015b). For comparison, the average 
of all higher high tides is 2.323 m (7.62 ft) 
relative to MLLW. The minimum observed 
tide of -0.941 m (-3.01 ft) relative to MLLW 
occurred in May 2003. The mean tide range 
at the Charleston station (i.e., difference in 
height between mean high water and mean 
low water) is 1.7 m (5.7 ft). The mean diurnal 
tide range (i.e., difference in height between 
mean higher high water [MHHW] and MLLW) 

is 2.3 m (7.6 ft)(NOAA 2015b). Tide range 
decreases the greater the distance from the 
mouth of the estuary. In the upper Coos estu-
ary, mean diurnal tide range is approximately 
10 cm smaller (2.2 m) than the mean diurnal 
tide range at Charleston (Rumrill 2008).
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As mentioned previously with respect to 
heads of tide, tidal range varies depending on 
oceanographic conditions. Strong southerly 
winds can cause lower than expected tides, 
while strong summer winds can cause higher 
than predicted tides (Rumrill 2008). Changes 
in sea level also affect tidal range. Mean tidal 
height (i.e., sea level), as measured at NOAA’s 
Charleston station, (located at the mouth of 
the South Slough near the ocean) has risen 
since 1970 at an average rate of 0.84 mm/yr 
(0.03 inches/yr)(Figure 9)(NOAA 2015b). This 
rate is equivalent to a 0.27 ft (3.3 inches) in-
crease in 100 years. The rate of sea level rise 
is expected to accelerate due to climate-re-
lated changes, including thermal expansion 
caused by the warming of the oceans and 
melting of land ice (e.g., glaciers, continental 
ice sheets)(OCCRI 2010).

Both sea level and tidal action also greatly 
influence the residence time of water in the 
Coos estuary. Residence time is an indicator 
of an estuary’s status. Short residence times 
indicate well-flushed estuaries which tend 
to be more resilient to circumstances affect-
ing water quality (e.g., point and non-point 
source pollution including excessive nutrient 
inputs) than those less well-flushed estuaries. 
Arneson (1976) calculated flushing times for 
the Coos estuary and, unsurprisingly, found 
that residence times in different parts of the 
estuary was highly dependent on: 1) distance 
from the mouth; 2) river discharge; and 3) 
tidal range. For example, it took approxi-
mately 6 days for water to flush from the 
Coos estuary at river mile 7.6 (near North 
Bend) during high river flow and relatively 

high tidal range, while this same task took 19 
days during low flow/tidal range. On average, 
31% of the water (at MHW) drains from the 
Coos estuary during the ebb tide, highlight-
ing the tide’s dominant role in flushing the 
Coos estuary (NOAA 1985 as cited in Hicky 
and Banas 2003). This tidal prism (volume of 
water that leaves an estuary during ebb tide) 
is considered large. It is markedly different 
from estuarine systems on the East Coast, but 
smaller than many other Pacific Northwest 
estuaries. For example, Narrangansett Bay, 
a large estuary in Rhode Island, has a tidal 
prism of 10%, while similarly sized Willipa Bay 
(WA) has a tital prism volume of 50% (NOAA 
1985 as cited in Hicky and Banas 2003). 

Coastal Upwelling 
An important spring and summertime phe-
nomenon, coastal upwelling occurs when 
strong north winds push surface ocean waters 
offshore, allowing colder, nutrient-rich bot-
tom waters to rise to the surface (Figure 10). 
The timing and duration of upwelling events 
has been linked to Dungeness crab produc-
tion and abundance of returning adult salmon 
(NWFSC 2015). 

Figure 10. Depiction of coastal upwelling forces along Oregon’s 
coast. Source: NWFSC 2015.
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Figure 12. Location of stream types in the project area. Data: 
ODF n.d.

Figure 13. Miles of streams in the project area categorized by 
duration; intermittent streams hold water in the wet season, 
perennial streams flow year round, and ephemeral streams 
only hold water immediately following rain events. Data: ODF 
n.d. 

Figure 11. Cumulative upwelling plot for the Pacific Northwest 
(45oN) in 2014. Upwelling events occur between the days 
designated by the two arrows (spring transition: early May; fall 
transition: mid-October). Cumulative upwelling plots add the 
amount of upwelling (m3/s per 100 m coastline) on day 1 (Jan-
uary 1st) to that of day 2, and so on. Thus, days with upwelling 
move the curve up while days with downwelling move the 
curve down. Source: NWFSC 2015. 

NOAA’s Northwest Fisheries Science Center 
(NWFSC 2015) provides the most up-to-date 
information on upwelling patterns along 
the Pacific Northwest coast and calculates 
upwelling indices using data that measure the 
strength and direction of surface wind stress. 
Their most recent cumulative upwelling index 
quantifies the late start date (spring transi-
tion) and early end date (fall transition) for 
2014 upwelling events. Generally, the earlier 
the start date for the spring transition, the 
higher the primary productivity will be that 
year (allowing for higher oceanic salmon sur-
vival). The average date of spring transition 
is April 13th (103rd day of the year). Despite 
the later than average spring transition, total 
upwelling for 2014 was normal (6,326 m3/s 
per 100 m coastline) when compared to the 
40-year average (6,163 m3/s per 100 m coast-
line)(Figure 11). No data are available describ-
ing the status and trends of Coos estuary or 
south coast Oregon upwelling.

Downwelling is the reverse process, in which 
strong south winds push warm, nutrient-poor 
surface waters closer to shore. It results in 
poor primary production and occurs during 
the winter season. 

Freshwater Input
There are approximately 1,700 miles of rivers 
and streams in the project area (Figure 1)
(ODF n.d.). Nearly 1,000 miles are intermit-
tent streams (streams that only flow part of 
the year), providing highly seasonal sources 
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of freshwater to the estuary (Figures 12 and 
13). Approximately 400 miles are perenni-
al rivers and streams (flowing year-round). 
Nearly all seasonal variations in river and 
stream flow come from rainfall; snowmelt 
plays almost no role in project area hydrology 
(Hickey and Banas 2003).

Historical estimates of total freshwater flow 
at the mouth of the Coos estuary have been 
made using extrapolations of the Millicoma 
River streamflow data collected by the United 
States Geological Survey (USGS)(1955-1981). 
Using these data, Percy and colleagues (1974) 
reported that on average about 2.2 million 
acre-feet of freshwater are discharged annu-
ally (Percy et al. 1974). 

CoosWA currently collects stream discharge 
data from gauging stations on six lower Coos 
watershed rivers and streams (Figure 3). 
These data helped the CoosWA assess 10 

Coos estuary tributaries in support of their 
watershed restoration programs (CoosWA 
2006, 2008, 2011). Tributaries assessed were: 
North Slough, Palouse and Larson Sloughs 
(in the Haynes Inlet subsystem); Kentuck and 
Willanch Sloughs, and Echo Creek (in the Up-
per Bay subsystem); Millicoma and South Fork 
Coos Rivers (in the Coos River subsystem); 
and Catching and Isthmus Sloughs (Catching 
Slough and Isthmus Slough subsystems)(Fig-
ure 14). Stream discharge data for Winchester 
Creek in the South Slough subsystem are also 
included (USGS 2015). 

These data confirm the South Fork Coos and 
Millicoma Rivers as the principle freshwater 
contributors to the Coos estuary. South Fork 
Coos and Millicoma River discharge estimates 
for a two-year storm event are 13,500 and 
9,330 cubic feet per second (cfs) respectively 
(Figure 15). During a 500-yr storm, estimated 
river discharge reaches 42,200 and 29,800 cfs 
respectively. Echo Creek, the smallest tribu-
tary to the Coos estuary assessed releases 69 
cfs of water during a two-year storm event 
and 310 cfs of water during a 500-year event.

Figure 14. Distribution of watersheds where stream flow 
(discharge) has been measured. Subsystems mentioned in the 
report are labeled: HI (Haynes Inlet); UB (Upper Bay); CR (Coos 
River); SS (South Slough); CS (Catching Slough); IS (Isthmus 
Slough). Data: ODF n.d. 

Figure 15. Estimated annual peak stream flows for bank full 
(i.e., two year) and 500-year storm events for several 
tributaries to the Coos estuary. Data source: CoosWA 2006,  
2008, 2011; USGS 2015. 
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Background

Bathymetry 
Bathymetry data are required for many com-
mercial and recreational activities associated 
with navigating, understanding and managing 
estuaries. These activities include developing 
navigation charts, hazards mapping, classi-
fying habitats and estuary use zones, and 
hydrodynamic modeling. In addition, bathym-
etry data collected from both the nearshore 
ocean and the estuary help scientists model 
the effects of potential tsunamis and sea level 
rise.

As mentioned, UO’s hydrodynamic model 
for the Coos estuary, a tool which will ulti-
mately be useful in many of the applications 
described above, is validated using field data 
(e.g., stream discharge, water temperature 
and salinity, wind speed and direction, water 
current speed and direction). For an accu-
rate working model to be created, those 
data need to be used with precise, complete 
bathymetry data set that very closely charac-
terize Coos estuary’s bottom contours. 

Tidal Influences
Pacific ocean tides directly and indirectly 
affect human communities living around the 
Coos estuary. Local communities have long 
built and maintained sea walls, tide gates, jet-
ties and other shoreline structures designed 
to withstand the largest expected tidal surges. 
Ships plan port arrivals and departures, and 
navigate through estuaries and coastal wa-
ters, based on their knowledge of tides and 
currents. Tides influence the design of habitat 

restoration projects. Fishermen know that 
various commercial and recreational fish spe-
cies concentrate, migrate through, or spawn 
in different parts of the estuary depending on 
many factors, including the timing and mag-
nitude of tidal fluctuations associated with 
those habitats (NOAA 2014). High tides during 
storms can exacerbate the erosion of beaches 
and sand dunes, or re-position the stream 
outlets blocked by drifting sands. Tidally-driv-
en estuarine flushing rates are important 
for understanding how long pollutants will 
remain in the estuary (Arneson 1976). 

Tidal exchange plays an important role in 
distributing macronutrients throughout the 
estuary; these nutrients maintain estuarine 
productivity and influence the structure and 
well-being of marine and estuarine commu-
nities, especially during upwelling events. In 
a study of Washington and Oregon’s outer 
coast estuaries, Hickey and Banas (2003) 
examined various factors that influence estu-
arine productivity, including nutrient sources 
(i.e., whether riverine or marine), currents 
and upwelling patterns, the difference in area 
and bathymetry of the continental shelf off 
Oregon and Washington, and estuarine tidal 
regimes. They found that cold, nutrient rich 
water upwelling from off the continental shelf 
and carried into the estuaries by tides is the 
principal source of nutrients for estuaries of 
the Pacific Northwest coast. This is in stark 
contrast to the large, eastern seaboard estu-
aries such as Chesapeake or Delaware Bays, 
where large rivers deliver the bulk of nutri-
ents to the estuaries. By comparison, even 
the largest outer coast estuaries in the Pacific 
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Northwest  (e.g., Coos estuary, Grey’s Harbor, 
Willapa Bay) are small enough to be thought 
of as extensions of the coastal ocean. 

Coastal Upwelling
NOAA’s NWFSC (2015) provides the following 
information on coastal upwelling along the 
Pacific Northwest coast, which is one of the 
world’s major upwelling coasts: 

The Coos estuary is greatly influenced by 
coastal upwelling. The strength of upwell-
ing is moderated by recurring variations in 
hemispheric ocean and climate conditions 
such as the Pacific Decadal Oscillation (PDO). 
PDO conditions shift between cool and warm 
phases every 20-30 years. Strong upwelling 
tends to occur during the cool phases, while 
during warm phases upwelling is less intense.  
Since NOAA’s Pacific Fisheries Environmental 
Laboratory began collecting data in 1947, the 
strongest Pacific coast upwelling events were 
recorded in 1965-67 (the corresponding cool 
phase lasted from 1947 to 1976). The last 
significant warm phase occurred from 1976-
1997; in 13 of those years, upwelling was 
unusually weak.

Normally, upwelling brings nutrient-rich water 
to the surface, and that, in turn, fuels the 
productivity that supports life in the upper 
layers of the ocean. For example, Gunsolus 
(1978) and Nickelson (1986) first showed a 
predictable relationship between upwelling 
and the survival of Coho salmon (Oncorhyn-
chus kisutch).

However, other hemispheric ocean and cli-
mate processes, such as El Niño, can adverse-
ly affect upwelling. During El Niño events, 
unusually warm water appears off the coast 
of South America, affecting regional ocean 
and climate conditions.  Scientists initially 
thought El Niño to be a local effect. Now with 
its cool-water counterpart, La Niña, El Niño 
is a recognized part of a large, global climate 
system known as the El Niño-Southern Oscil-
lation (southern oscillation refers to a shifting 
of surface air pressure between the western 
and eastern parts of the Pacific Ocean). A 
strong El Niño may affect weather and climate 
around the Pacific ocean, including the occa-
sional appearance of unusually warm water 
off the Oregon coast at times when upwell-
ing is occurring (NOAA 2015a). During the 
strong 1998 El Niño, upwelling was relatively 
robust, yet plankton production was weak, 
which greatly affected Pacific coast biological 
communities. This phenomenon occurred 
because the deep, cold nutrient-rich waters 
that typically rise to the ocean surface were 
replaced during the El Niño event by warmer, 
nutrient-poor water (NOAA 2005).  

Freshwater Input
Freshwater inputs to the Coos estuary are 
affected by watershed conditions. When land 
is modified (e.g., timber harvests, agricultural 
practices, road construction, development) 
watershed hydrology can be affected to 
varying degrees depending on land modifica-
tion scale and methods, watershed geology, 
soil types, vegetation cover, topography, and 
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runoff rates (CoosWA 2006). Contemporary 
land modification/management practices 
are designed to minimize negative impacts 
to watershed hydrology and other important 
natural processes.

Among the concerns of land owners and 
resource managers alike are storm-related 
increases in peak stream and river flows exac-
erbated by poor land management practices. 
The primary factor determining peak stream 
flow is the ability of watershed soils to absorb 
rainfall, which in turn depends on the man-
agement of vegetative cover, land uses, the 
characteristics of the soil (CoosWA 2006) and 
the amount and duration of rainfall. Increases 
in runoff can result in loss of property, vege-
tation and wildlife habitat, flooding, erosion 
and landslides (CoosWA 2006, DOGAMI 
2008). 

Additional information about landslides can 
be found in this chapter’s Geology Data Sum-
mmary. 
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Geology of the Coos Estuary 
and Lower Coos Watershed
Summary:     

 § Tectonic interactions between the 
Pacific, Gorda, Juan de Fuca, and 
North American plates, and the Juan 
de Fuca and Gorda oceanic ridges 
are the source of incremental , long-
term coastal uplift and infrequent 
earthquakes when coastal lands 
suddenly subside.

 § Tectonic processes, along with long-
term cyclical changes in climate and 
related glacial spread and retreat, 
have created the bedrock and soil 
formations found in the project 
area.

What’s happening? 

This summary describes local geology (e.g., 
soil and bedrock types), in the context of larg-
er geological processes (e.g., plate tectonics) 
in four sections: 

1. Plate Tectonics – which examines interac-
tions between continental plates, faults, 
and folds, as well as earthquakes and 
tsunamis affecting the project area;

2. Geologic Formations – which describes 
the project area’s geologic formations, 
superficial deposits, and geologic age;

Landslide along the Smith River in the Oregon coast range.

Local geologic formations are revealed at Coos Head.

3. Soils – which provides information on soil 
types within the project area; and 

4. Landslides – which describes  areas within 
the project area most at risk for landslides 
and debris flows. 

These four sections are followed by a Back-
ground section which provides more in-depth 
information for each of the sections in this 
data summary.
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Plate Tectonics

Plate Movement: The underlying geology of 
the Coos estuary and surrounding watershed 
results from the tectonic interactions be-
tween the Pacific, Gorda, Juan de Fuca, and 
North American (i.e., North American conti-
nent) tectonic plates, and oceanic spreading 
from two ridges (Juan de Fuca and Gorda)
(Figure 1)(see also Geology Terminology side-
bar). Large-scale plate movements (e.g., slip 
of the Juan de Fuca plate along the Blanco 
Transform Fault, and subduction of the Juan 
de Fuca plate beneath the North American 
plate) have been coupled with localized sea 
floor spreading along two ridges: the Gorda 
Ridge at a rate of 2.3-5.5 cm (0.9-2.2 in) per 
year, and the Juan de Fuca Ridge at a rate of 
4.0 cm (1.6 in) per year (Komar 1997; Clague 
1997). Along the Oregon coast, pressure from 
these tectonic movements of the earth’s crust 
have resulted in the folded and warped outer 
continental shelf margin and cycles of long-
term, incremental uplift of the coastal lands 
followed by rapid subsidence events (i.e., 
earthquakes)(Rumrill 2006).

Stratigraphic (i.e., study of rock layers) investi-
gations of  rock outcroppings by Nelson et al. 
(1996, 1998) and analysis of the composition 
and age of buried microfossils indicate that 
the South Slough tidal basin has undergone 
catastrophic subsidence of 0.50-1.0 m (1.64-
3.28 ft) at least three times over the past 
4,000 years, and possibly as many as nine 
times. 

Geology Terminology

Tectonic Plate – The rigid outermost shell 

of the planet (crust and upper mantle), 

is broken into major (e.g., continental 

plates) and minor tectonic “plates”.

Ocean Ridge – Underwater mountain 

range formed by rising magma in a zone 

on the ocean floor where two tectonic 

plates are moving apart.

Subduction Zone – An area where two 

tectonic plates converge causing one plate 

to slide beneath the other.

Cascadia Subduction Zone – The area 

where the Juan de Fuca Plate slides be-

neath the North American Plate.

Faults – Fractures in the earth’s crust 

caused by compression, tensional, or 

shearing forces, often associated with the 

boundaries between tectonic plates. 

Slip or Strike-slip Fault – Vertical fractures 

in the earth’s crust where the blocks of 

land have mostly moved horizontally. 

Paleoseismic Faults – Faults that were the 

source of significant earthquakes (magni-

tude 6.0 or greater) in the past 1.6 million 

years

Sources: USGS 2014a; DOGAMI 2009; 

PNSN n.d.
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Figure 1: Tectonic components (ridges and plates) in the Pacific 
Northwest. Arrows on ridges indicate direction of spread. 
Cascadia Subduction Zone is where the Juan de Fuca Plate 
is pushed under the North American Plate. Amended from 
Rumrill 2006

Figure 2: Faults and folds 
occurring within project 
boundaries. Paleoseismic faults 
are highlighted, designating 
faults that were the source of 
significant earthquake (6.0 or 
greater) in the past 1.6 million 
years. Data: USGS 2005; DOG-
AMI 2009.

Faults and Folds: The chief geological fea-
ture of the Coos estuary is the South Slough 
Syncline, which is an asymmetric fold with 
steep sandstone and shale on its western 
side and gently sloping marine terraces on its 
eastern side, all of which are offset by several 
minor cross faults (Rumrill 2006; McInelly and 
Kelsey 1990)(Figure 2). According to Rumrill 
(2006), “South Slough marks the point where 
the Cascadia fold and thrust belt comes on-
shore; north of Coos Bay most compressional 
structures occur offshore on the continental 
shelf and slope”.

Paleoseismic faults in the project area – or 
faults that were the source of significant 
earthquakes (magnitude 6.0 or greater) in the 
past 1.6 million years – were found almost ex-
clusively in the South Slough subsystem  (Fig-
ure 2). Similarly, nearly all non-paleoseismic 
faults and folds in the project area are found 
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Figure 3: Seismic events between 1969 and 2015. 
Data USGS 2015

Table  1: Seismic events (between 1969 and 2015) with magnitudes 6.0 or higher. Depth is kilometers 
below the earth’s surface. Data USGS 2015
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in its southern portions (i.e., South, Isthmus 
and Catching Slough subsystems).

Earthquakes and Tsunamis: Of the over 2,100 
earthquakes measured off the Oregon coast 
since 1965, only nine have been a magni-
tude 6.0 or higher (Figure 3). The strongest 
of these (magnitude 6.9) occurred in July 
1991 (Table 1). The average magnitude of all 
earthquakes during that time period was 3.5 
and the average depth was 10.7 km (6.6 mi) 
below the earth’s surface. Many earthquakes 
were concentrated around the Blanco Trans-
form Fault. In contrast, only a few earthquake 
events were located in close proximity to the 
project area and those were much smaller in 
magnitude during the same time period (Fig-
ure 4). The largest of these closer proximity 
earthquakes (2.5 magnitude) occurred just off 
Cape Arago in September 2012.

Figure 4: Seismic events 
(occurring between 1969 and 
2015) closest in proximity to the 
project area. Dates and strength 
of the highest magnitude events 
are labeled. Data USGS 2015

Stratigraphic investigations conducted over 
the past few decades have provided evidence 
that much of the Pacific Northwest coast has 
experienced significant (magnitude greater 
than 8) Cascadia megathrust earthquakes and 
accompanying tsunamis repeatedly over the 
past 5,500-6,500 years. These earthquakes 
occurred every 500-600 years on average 
(varying from a few hundred years to almost 
1,000 years)(Kelsey et al. 2002; Witter et 
al. 2003). For example, soil cores provide 
evidence for historically reoccurring rapid 
coastal subsidence events. Cores taken from 
current-day tidal marshes in the project area 
show ancient marsh soils (full of organic 
materials such as march plant roots) abruptly 
buried by fine intertidal mud when the coast-
al land mass rapidly subsided during historic 
earthquakes. Often these abrupt transitions 
in the soil  cores include a coarse sandy layer 
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full of woody debris deposited during earth-
quake-generated tsunamis.  

The most recent Cascadia megathrust earth-
quake (magnitude 9) and tsunami on the 
Oregon coast (including the Coos estuary) oc-
curred on January 29, 1700, caused by a sud-
den slip of the Juan de Fuca plate beneath the 
North America plate along the 1,000 km (621 
mi) long Cascadia subduction zone (Satake et 
al. 1996; Rumrill 2006). This caused the land 
mass to subside an estimated 0.6 m (2.0 ft) 
(Leonard et al. 2004). Estimates of subsid-
ence from future mega-thrust earthquakes 
in Coos Bay range from 0-1.5 m (0-4.9 ft)
(Leonard et al. 2004) while maximum subsid-
ence, modeled for this area, could be as high 
as 2 m (7 ft)(Witter et al. 2011). According to 
Rumrill (2006), “the probability of a future 
earthquake and coastal subsidence event is 
conservatively estimated at 10-20% within 
the next 50 years (or 20-40% within the next 
100 years)”.

Lately, seismic activity along the subduction 
zone appears to have fallen off, leaving the 
zone “eerily quiet” (Banse 2014). Quoted in 
several northwest media outlets in December, 
2014, Doug Toomey, a geophysics professor at 
the University of Oregon, said, “all of Casca-
dia is quiet. It’s extraordinarily quiet when 
you compare it to other subduction zones 
globally” (Banse 2014).  In 2011, Toomey and 
other scientists began the Cascadia Initiative, 
a four-year study in which seismometers were 
deployed at 160 sites along the entire Casca-
dia subduction zone to help determine what 
that silence means. If they find the bound-

ary between the two plates is fully locked, 
pressure will continue to build until another 
serious earthquake occurs. “If it is completely 
locked, it means [the Cascadia subduction 
zone] is increasingly storing energy and that 
has to be released at some point.” (Toomey, 
on Banse 2014). 

Geologic Formations and Deposits

Tyee and Coaledo formations make up the 
vast majority of the underlying bedrock in 
the project area (71% combined)(Figure 5). 
Both formations are sandstones with minor 
siltstone embedded within (Beaulieu and 
Hughes 1975)(see definitions in sidebars and in 
Table 2). Landforms surrounding most of the 
South Slough shoreline and eastern portions 
of the lower bay are composed primarily 
of marine terrace deposits (Figure 5). The 
remainder of the lower bay is made up of 
eolian deposits (wind-generated deposits: 
in this case, dune sand) and beach deposits, 
while alluvial deposits (river-formed) are 
found under and along each major tributary 
to the Coos estuary. Man-made fill deposits 
can be found under most of the project area’s 
low-lying urban centers.

The Coos Bay Coal Field (oriented north to 
south and roughly 30 mi long by 12 mi wide, 
overlaps the Coaledo formation), lies under 
North Bend, Coos Bay, Isthmus Slough and 
Catching Slough (and their tributaries), and 
the Lower Coos River, and extends down to 
the Coquille River (DOGAMI n.d.)(Figure 5). 
From the late nineteenth century through the 
mid-twentieth century extensive coal mining 
and geologic testing occurred in the Coos 
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Figure 5. Spatial distribution of geological formations and deposits within the 
project area.  Inset pie chart shows percentage of each formation/deposit in the 
project area. The category “Other (<1%)” includes terrace and landslide depos-
its. The Coos Bay Coal Field overlaps the Coaledo formation within the project 
area, but the coal field is not shown in its entirety. Data: DOGAMI 2009

Geologic Formation

A geological formation is a rock unit that 
is distinctive enough in appearance that a 
geologic mapper can tell it apart from the 
surrounding rock layers. It must also be 
thick enough and extensive enough to plot 
on a map.

Source: Wilkerson 2001

Geologic Deposits

Geologic deposits (superficial) are recent 
(quaternary: 2.6 million years old or less) 
unconsolidated  sediments, soil or rocks 
added to a landform, generally named 
according to their origin (e.g., beach 
deposit, landslide deposit). Older deposits 
are referred to as bedrock.

Source: Wikipedia 2015b

Sandstone 

Sandstone (sometimes known as arenite) is 
a medium-grained sedimentary rock com-
posed primarily of minerals or rock grains 
cemented together.

Siltstone

Siltstone is sedimentary rock made up of 
cemented together silt particles, similar to 
shale, but does not demonstrate fissility 
(breaking along planes into sheets).

Source: USGS 2014b
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Table 2: Descriptions of geological formations and deposits in the project area. Source: Beaulieu and Hughes 1975; except those 
marked with an asterisk* sourced from USGS 2014b

Bay Coal Field. Nearly 2.5 million tons of coal 
were extracted from this coal field between 
1882 and 1918 (Duncan 1953; DOGAMI n.d.). 
Mining ceased in the 1920’s primarily due 
to competition from California fuel oils and 
higher grade coal from Utah and Wyoming 
(Duncan 1953; DOGAMI n.d.). Although coal 
mining no longer occurs in the project area, in 
the mid-2000s, portions of the coal field were 
explored to determine its potential for natural 
gas production using hydraulic fracturing 
techniques. 

Geologic Age of the Project Area
The project area is composed of bedrock 
formed in the Cenozoic era (65 million years 
ago-present), most of which was created 
during its Eocene epoch (Figure 6; Table 3). 

According to Rumrill (2006), sandstone, silt-
stone, and shale were deposited deep in the 
Pacific ocean and in shallow coastal waters 
over the past 50 million years, from the Eo-
cene epoch through the Quaternary period. 
During the marine regression in the middle to 
late Eocene epoch (38-45 million years ago), 
sea level dropped, which allowed Coos Bay 
to emerge as a distinct, wave-dominated (as 
opposed to river-dominated) deltaic coastal 
basin.
Beginning in the middle Eocene epoch (about 
40-48 million years ago), sediments that 
largely form the present-day bedrock were 
laid down during repeating marine transgres-
sions (period of high sea level) and regres-
sions (period of low sea level)(Rumrill 2006). 
These fluctuations were caused primarily by 
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Geological Time Scale

Span of time since the Earth’s creation, 
divided by major geological events, strata 
composition, or radiometric dating. Eon 
is the largest division, followed by Era, 
Period, Epoch and finally Age.

Source: Wikipedia 2015a

Figure 6: Spatial distribution the project area’s geologic  time  
scale.  Legend ordered from oldest to most recent. Data: 
DOGAMI 2009

Table 3: Definition of geological ages in the Cenozoic era.

cyclical changes in climate that led to ad-
vances and retreat of continental glaciers, 
and subsequent rise and fall of sea level. 
These periods of major seal level fluctuations 
caused the continental shoreline to migrate 
back and forth tens of kilometers between 
the sea level extremes. 

For example, beds of siltstone, mudstone, and 
sandstone formed  in the middle Coaledo For-
mation beds (see “Formations” above) were 
laid down in deeper coastal waters during a 
marine transgression, while upper Coaledo 
beds (siltstone, mudstone, coal, and conglom-
erate) were deposited in shallow water during 
a subsequent regression (Rumrill 2006). 

According to Rumrill (2006), absence of 
sediments for nearly 30 million years, dating 
from the Oligocene and early Miocene (8-36 
million years ago), indicates a significant 
period of non-deposition, probably related to 
a combination of the onset of “tectonic plate 
deformation along the Cascadia subduction 
zone”, glacial advance, and periods of low sea 
level. Rumrill (2006) discusses another gap 
of about four million years long occurring 6-2 
million years ago, separating older formations 
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such as the Miocene epoch’s Empire forma-
tion from more recent Pleistocene marine 
terraces and Holocene estuarine and sand 
deposits. 

Soils

This section discusses soil types found in the 
project area. Definitions of soil types dis-
cussed in this section can be found in Table 4.

Estuarine Soils
Sediments in the estuarine tidal channel vary 
from coarse-grained sand to fine-grained 
sand, silt and clay (Rumrill 2006).  See “Sedi-
ment Composition” summary in “Chapter 10: 
Sediment” for more detail on estuary sedi-
ments.

Tide flat sediments are primarily open sand 
flats and mudflats, which are composed of 
Udorthents, a combination of sand, silt, mud 
or organic materials, largely devoid of emer-
gent vegetation (Haagen 1989). Mudflats 
typically occur in regions of the estuary that 
experience low tidal energy while sand flats 
occur in areas of high tidal energy (Rumrill 
2006). 

In the South Slough estuary, sand flats fre-
quently occur on the inside of major bends in 
the tidal channel. These sand flats frequently 
have sand ripples or waves, the patterns of 
which are directly related to water velocity 
(Rumrill 2006). 

According to Rumrill (2006) tidal beaches 
within South Slough are generally steep (9-
15% slope) and sediments increase in mean 

grain size with depth, and decrease in mean 
grain size along the estuarine gradient (i.e., 
sediment is more fine further away from the 
mouth of the estuary). Most beach sediments 
are well-sorted. The decrease in mean sedi-
ment grain size along the estuarine gradient 
(from the high-energy estuary mouth to the 
low-energy upper estuary) is most likely a re-
sult of the gradual decrease in velocity of tidal 
currents, which in turn reduces their capac-
ity to carry larger sediment particles (Arkett 
1980, in Rumrill 2006). 

Tidal Wetland Soils
Soils in the tidal wetlands of the Coos estuary 
are predominately Fluvaquents-Histosols, 
which, typical of permanently or frequently 
saturated soils, are particularly rich in organic 
matter (Haagen 1989). 

Rumrill (2006) described surface soils within 
South Slough riparian areas, forested wet-
lands, and emergent freshwater marshes as 
typically sandy loams, also rich in organic 
matter. 

Soil Complex

Soil complex is defined as two or more 
soils which are so integrated that they 
cannot be separated at the map scale.

Soil Association

Soil association is defined as two or more 
soils that are intricately mixed but could 
still be separated at the map scale (al-
though it’s not practical to do so).

Source: Haagen 1989



Table 4: Most com-
mon soil types, soil 
complexes, and soil 
associations found in 
the project area. 
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Dune Soils
The Coos Bay Dune Sheet is a mass of sand 
that extends, unbroken but for the mouths 
of rivers and streams, from Haceta Head to 
Cape Arago, making it the largest dune sheet 
in North America and the only ‘oblique-ridge 
dune’ in the world (Cooper 1958; Crook 
1979). Dune lands in Coos County are gener-
ally made up of DuneLand-Waldport-Heceta 
soil types. Extensive portions of the dunes 
have been stabilized by plantings of the 
invasive European beachgrass (Ammophila 
arenaria), which began in 1910 (for more in-
formation on this, see “Vegetation” summary 
in “Chapter 18: Non-Native/Invasive Spp.”). 

Upland and Lowland Soils
Fifteen principle soil types are found in the 
lower Coos basin (Figure 7). Of those, three 
predominate and are found in distinctly differ-
ent areas of the landscape. Most common are 
Preacher-Bohannon loams (24% of total soil 
cover), found in a patchy, north-south orient-
ed band of uplands east of the bay, along the 
western slopes and foothills of Blue Ridge, 
and in the Millicoma highlands. Templeton silt 
loam (23% of soil cover) extends from the up-
lands of the South Slough basin east through 
the drainages of Isthmus and Catching 
Sloughs, across the highlands of Pony Creek 
Reservoir, along the eastern slopes of Coos 
Bay and across the uplands between North 

Figure 7: Distribution of different soil types in the project area.  Inset 
pie chart shows percentage of each soil type that makes up the 
project area. Soil types for both figures were grouped by series (e.g., 
Bandon Sandy loam 0-7% slopes and Bandon Sandy Loam 7-12% 
slopes were grouped as Bandon Sandy Loam).  Data: USDA 2000
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Slough and Haynes Inlet. The Milbury-Bohan-
non-Umpcoos association (18% of cover) is 
interspersed with the Preacher-Bohannon 
series in the upper watershed. 

Except where otherwise noted, the following 
soil descriptions for several major sub-basins, 
are taken from an assessment of Coos estu-
ary tributary basins conducted by the Coos 
Watershed Association (CoosWA 2006).

North Slough 
North Slough differs in its soils from other 
sub-basins in that it is dominated by the 
very soft, highly erosive sandstones of Dune 
Land-Waldport-Heceta and Bullards-Ban-
don-Blacklock soils.

Palouse and Larson Sloughs
Three general soil types dominate the  
Palouse and Larson Slough sub-basin: Dune 
land-Waldport-Heceta, which is common 
to dune areas, Templeton and Salander 
loams, common to the lowland area, and 
Milbury-Bohannon-Umpcoos, found in the 
uplands.

Kentuck Slough
Soils in the Kentuck Slough sub-basin consist 
of Templeton and Salander loams in the low-
lands, and Preacher-Bohannon loams in the 
uplands. The headwaters of Kentuck Creek 
are on the Milbury-Bohannon-Umpcoos soil 
type.

Willanch Slough
General soil types in the Willanch Slough 
sub-basin are Templeton and Salander loams 

(lowlands) and Preacher-Bohannon loams, 
(uplands).

Echo Creek 
The Echo Creek sub-basin hosts three general 
soil types: the Coquille-Nestucca-Langlois soil, 
found in level areas, areas along the bay, and 
Coos River; Templeton and Salander loams 
(lowlands), and the Preacher-Bohannon 
loams (uplands).

Lower Millicoma and South Fork Coos Rivers
According to CoosWA (2008), Preacher-Bo-
hannon loams are the most prevalent soils in 
Lower Millicoma and South Fork Coos River 
sub-basin. Other soils include Milbury-Bo-
hannon-Umpcoos on steep slopes and poorly 
draining, clay Coquille-Nestucca-Langlois soils 
along floodplains.

South Slough
Haagen (1989) shows the primary soils in this 
sub-basin as Templeton loams, with some 
Bullards-Bandon-Blacklock group. 

Landslides

According to Wang et al. (2002), Oregon 
economic losses due to landslides exceed 
$10 million/year. In years with heavy storm 
events, losses can exceed $100 million. These 
losses are expected to increase as the state’s 
human population increases, expanding cur-
rent land uses.

Landslides occur frequently in the Coos 
region, as they do throughout much of the 
central Coast Range. The Oregon Department 
of Geology and Mineral Industries (DOGAMI) 
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has compiled an inventory of historic land-
slide locations, which helps identify areas po-
tentially prone to future land failures (Figure 
8). 

Oregon Department of Forestry (ODF) devel-
oped debris flow (a type of landslide – see 
Background below) hazard maps, based on 
slopes derived from USGS digital elevation 
models. Slopes >40% and an area greater 
than 150,000 ft2 were considered moderately 
hazardous. Tyee Formation slopes >65% over 
an area of 100,000 ft2 or >60% for more than 
⅓ the total basin area were considered a high 
risk for debris flows. Other formations were 
considered a high risk if they had a slope 
>70% and an area exceeding 150,000 ft2 or ¼ 
total basin area. Extreme hazard values were 
assigned to locations where debris flows have 
occurred frequently over the past 35 years. 

Areas of high and moderate debris flow risk 
have been mapped for the project area using 
these data (Figure 9). The hills east of the 
main Coos estuary are at considerably higher 
risk for debris flow occurrences than lands 
closer to the ocean. In fact, the Coos River 
subsystem has the highest percentage of 
both high (9.5%) and moderate (18%) lands at 
risk for debris flow events (Figure 10). When 
taken as a whole, 33% and 12% of the entire 
project area is at moderate and high risk, 
respectively, for debris flows.

Background

Plate Tectonics
Rumrill (2006) describes the Coos estuary as 
being formed by the interactions of “several 
coastal geomorphic processes in the recent 
geologic past” (thousands to tens of thou-
sands of years ago), including “slow coastal 
uplift and sudden subsidence” (driven by tec-
tonic movement of offshore crustal plates); 
“regional transgression and regression of the 
sea as a result of ice-age glacial advance and 
retreat”; and “fluvial erosion of a major riv-
erine drainage system caused by differential 
coastal uplift”.

Folds and faults
Long-term seismic shifting of the North Amer-
ica and Juan de Fuca plates contributed to 
east-west compression that formed the South 
Slough syncline and other folds throughout 
the southern Oregon coastal region.  Fold-
ing and faulting cause different areas of the 
coast to rise at different rates, significantly 
altering the topography of the Coos drainage 
basin (Kelsey et al. 2002). For example, before 
the creation of the current coastal terraces 
(which were created by folding and faulting 
processes), the Coquille River drained into 
the Pacific Ocean through Isthmus and South 
Sloughs (Baldwin 1945; Nyborg 1993 as cited 
in Rumrill 2006).  Evidence of this can be seen 
along several outcrops in the South Slough 
where Pleistocene alluvial floodplain mate-
rials  (including aquatic invertebrate fossil 
assemblages) are identical to those found at 
the mouth of the Coquille River (Nyborg 1993 
as cited in Rumrill 2006). 
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Figure 8: Inventory 
of historic landslides 
(1849-2013), identifying 
landslide-prone areas, 
which may be suscepti-
ble to future landslides. 
Landslide deposits 
include debris flow fans 
and talus extent. Data: 
DOGAMI 2014

Figure 9: Distribution of 
lands that are highly or 
moderately at risk of de-
bris flows in the project 
area. Data: ODF 2000.
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Other evidence of subduction processes were 
described by Witter et al. (2003), who found 
that stepped marine terraces occurring in the 
hills surrounding the Coos estuary are a result 
of ocean-derived sediments scraped off the 
Juan de Fuca plate as it slid down under the 
North American Plate.

Earthquakes 
Pressure that accumulates in the earth as a 
result of forces and movements of plates is 
released episodically during earthquakes. 
Three types of earthquakes affect coastal Or-
egon: Cascadia megathrust, deep intraplate, 
and crustal earthquakes (see sidebar). The 
most frequently occurring of these are crustal 
earthquakes, which occur along active fault 
lines (Rumrill 2006). Seismic studies conduct-
ed near the Coos estuary’s Jordan Cove indi-
cate fewer deep intraplate earthquakes occur 
in the Coos Bay area compared with areas to 
the north and south (GRI 2013). The largest 
earthquakes in our area tend to occur along 
the Cascadia Subduction Zone boundary and 
can cause sudden coastal subsidence of from 

Figure 10: Percentage of each subsystem and entire project 
area that is at high and moderate risk for debris flow. Data: 
ODF 2000.

0.5-2 m (1.64-6.56 ft)(Darienzo and Peterson 
1990 as cited in Rumrill 2006). 

According to NOAA’s Pacific Northwest 
Seismic Network (PNSN n.d.), the Casca-
dia Subduction Zone is locked by friction at 
depths shallower than 30 km (16.6 mi). Strain 
continues to build slowly as the tectonic 
forces act (including expansion at the Juan de 
Fuca Ridge). Eventually, when the frictional 
strength is exceeded, the plates will slip past 
each other, causing a megathrust earthquake. 
The fault’s frictional properties change with 
depth, such that immediately below the 
locked part is a strip (called the transition 
zone) that slides slowly and slips a few centi-
meters every year or so. These small slips re-
lieve the stress on the plate boundary in one 
location, but add to the stress on the fault 
elsewhere. Below the transition zone geo-
detic evidence suggests that the faults slide 
continuously and silently past one another. 

Tsunamis
Tsunamis are triggered when the elevation of 
the coastal margin suddenly changes, displac-
ing a large volume of water. Tsunami waves 
propagate rapidly through the open ocean 
and can reverberate throughout the entire 
Pacific Ocean basin in the 24-hour period fol-
lowing a sufficiently strong earthquake. In the 
Pacific Ocean, tsunamis move at speeds of 
~435 mph, losing little energy as they travel 
(Petroff n.d.).

Geologists examined sediments deposited in 
the Coquille River estuary (Witter et al. 2003) 
and those of coastal lakes (Kelsey  et al. 2005) 
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for evidence of periodic tsunamis, and to 
improve their understanding of the impact of 
movements and interactions of crustal plates 
of the Cascadia Subduction Zone on the land-
forms and elevation of the southern Oregon 
coast, including the Coos estuary. Witter 
and colleagues traced 12 cycles of uplift and 
subsidence in the record of low-lying forests 
and tidal wetlands over the last 6,700 years 
while Kelsey and colleagues found a record of 
repeated local tsunamis in the sediments of 
Bradley Lake in Curry County.

Soils

Tidal Areas
According to Rumrill (2006), tide flats in the 
Coos estuary likely formed during the past 
1,000-2,000 years as estuarine sediment 
eroded from marine terraces, filling in the 
Coos estuary tidal basin and creating the tide 
flats we see today. 

Other sources of tide flat sediments are ter-
restrial runoff, oceanic deposition, and biotic 
material (Rumrill 2006). For example, much 
of the mud, silt, and clay within the estuarine 
tidal basin enters South Slough from Coos Bay 
and the nearshore Pacific Ocean during flood 
tides (Wilson 2003 in Rumrill 2006). 

Sand flats are created largely from land sourc-
es, including erosion of nearby cliffs, then 
transported by high velocity tidal currents 
(Rumrill 2006). 

Tide flats are often highly channelized with 
shallow drainage channels, which facilitate 
a continued cycle of erosion and deposition 

Local Earthquake Types

Cascadia Megathrust – The most pow-
erful recorded earthquakes in the area 
(magnitude 8-9 or higher), Cascadia 
megrathrust earthquakes are caused 
the by sudden release of built-up energy 
when the Juan de Fuca Plate (locked 
against the North American Plate) is 
suddenly released and the plates slip 
past each other.

Deep Intraplate – Deep intraplate 
earthquakes occur when the Juan de 
Fuca  plate cracks as it is bent deep un-
derneath the North American Plate (at 
depths from 30-70 km [19-43 mi]). Deep 
intraplate earthquakes occur about 
every 30 years at magnitudes as high as 
7.5. Because they usually occur under 
the Cascade and Coastal ranges, these 
earthquakes can be the most damaging 
to population centers.

Crustal –  Crustal earthquakes occur on 
shallow faults (to 35 km [22 mi] deep) in 
the North American Plate and are rela-
tively common off the southern Oregon 
coast (maximum magnitudes <7).

Earthquake Magnitude (i.e., strength), 
originally based on the Richter Scale but 
now based on the moment magnitude 
scale (MMS), quantifies the energy 
released by an earthquake.

Sources:  PNSN n.d.; DOGAMI 1996
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as sediments are re-suspended, transported, 
and deposited with every tidal cycle (Rumrill 
2006). 

Tidal Wetlands
Tidal wetland soils can inform us about sea 
level rise rates. For example, Rumrill (2006) 
explains that “Prevalence of peat layers in the 
upper 1.0-1.5 m (3.28-4.92 ft) of sediment 
cores taken from brackish marshes in many 
parts of the Coos estuary suggests a reduc-
tion in the rate of sea-level rise or an increase 
in the rate of sedimentation over the past 
1,000-1,500 years”.

Landslides

Landslides are typically triggered by heavy 
rain. Less commonly they are caused by 
earthquakes, road construction, rapidly 
melting snow, or a combination of these and 
other events (DOGAMI 2008).

A particularly damaging landslide is known 
as a debris flow. A debris flow (synonymous 
with mudslide, mudflow, or rapidly moving 
landslide) is a fast moving (exceeding 30 mph) 
mixture of water, rock, soil, and vegetation.  
Debris flows begin as small landslides, and 
then, upon entering a steep sloping stream 
channel, gain momentum and more debris, 
until they finally end as massive deposits at 
the outlet of the channel (DOGAMI 2008; 
ODF 2012). 

Debris flows can travel long distances, some-
times scour the channel down to bedrock, 
and frequently cause major structural dam-
age to houses and roads.  They are extremely 

hazardous, especially in populated areas 
(Robison et al. 1999; ODF 2012). It should be 
noted, however, that debris flows also deliver 
large wood to streams where they add com-
plex structure that provide high quality fish 
habitat (ODF 2012).

In 1996, two very large storms severely 
affected western Oregon, one of which was a 
100-year rain event that set an all-time one-
day precipitation record at North Bend (6.67 
inches in 24 hrs)(Robison et al. 1999). Both 
storms triggered large numbers of landslides 
in western Oregon, prompting ODF to take a 
closer look at activities, such as forest-road 
building and logging, that were thought to 
play a role in landslides. This report (Robison 
et al. 1999) examined eight locations affected 
by these two storms and found that lands 
with the highest hazards for landslides were 
found on slopes >70-80% steepness (depend-
ing on surface geology and landform). For 
example, Tyee Core formations are very sus-
ceptible to debris flows generally due to steep 
slopes, shallow low-cohesion soils, with an 
impermeable layer beneath. Lands with mod-
erate hazard were found on slopes 50-70%. 
In addition, concave shaped landforms with 
large drainage areas were most frequently 
associated with landslides. 

Robison et al. (1999) determined that forest 
cover and time since last timber harvest also 
influenced landslide occurrence, with lands 
0-10 years post-harvest being most suscepti-
ble to landslides. However, forest stand age 
did not appear to affect the size of landslides.
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Further, road-associated landslides were 
found to be four times larger (volume of earth 
moved) than landslides not occurring near 
roads. Landslides associated with abandoned 
logging roads (“legacy” roads) were smaller in 
size than those associated with active log-
ging roads. Roads where drainage water was 
diverted (e.g., culvert or other relief struc-
ture), had higher landslide occurrences if the 
water exited on fill slopes.  Roads carved out 
of slopes often deposit excavated fill on the 
downslope edge of the road, further influenc-
ing landslide hazards. 

Rain-induced landslides are also thought to 
be more frequent during La Niña years, when 
the Pacific Northwest experiences increased 
storminess, increased precipitation and more 
days with measurable precipitation (UO 2012; 
NOAA 2002).
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Land Use/Land Cover in the 
Lower Coos Watershed
Summary:  

 § Between 1996 to 2010, land use/
land cover changed in over 20% of 
the project area. 

 § Forest cover declined and shrub/
scrub cover increased, reflecting 
the dominant role forestry activities 
play in project area land cover 
dynamics.

 § Increases in developed land came 
mostly from conversions of forest 
and grassland cover classes.

 § Agricultural lands comprise roughly 
2% of the project area; agricultural 
land cover has remained relatively 
stable since the 1990’s.

Figure 1. Land use patterns within the project area’s nine 
subsystems.  Data Source: NLCD 2011. Subsystems:    CR- Coos River;   
CS- Catching Slough;   HI- Haynes Inlet;  IS- Isthmus Slough;   LB- Lower Bay;   NS- 
North Slough;   PS- Pony Slough;   SS- South Slough;   UB- Upper Bay

2011 distribution of each designated Land Use and Land Cover type in the project area. Red shaded areas indicate land use and 
cover type distribution. 2011 is the most recent land use and cover data available. 
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Land Use and Land Cover (LULC)

The terms “land use” and “land cover” are 

frequently used interchangeably because 

they are closely related. 

Land use focuses on human activities and 

often has management or zoning conno-

tations whereas land cover describes the 

natural or constructed materials on the 

land surface. The distinction can be import-

ant because land use and land cover data 

were frequently developed separately, for 

particular purposes, and with different 

methods and resolutions, thereby leaving 

gaps and inconsistencies for users. 

Although many human activities are asso-

ciated with a particular land cover (e.g., 

agriculture), some activities are not exclu-

sively associated with a specific land cover 

type. For example, hunting is a common 

recreational land use but where it occurs 

could be in forest, range, or agriculture 

land cover classes (Anderson et al. 1976). 

What’s Happening

The character, extent, and status of the proj-
ect area’s land uses and land cover signifi-
cantly affect its environmental and socio-eco-
nomic well-being.  Oregon, and by extension, 
Coos County, through its long history of 
comprehensive land use planning, has tracked 
the status and trends of local land uses for a 
variety of purposes, including assessing local 
taxes, facilitating responsible development, 
and guiding sensible natural resource man-
agement. 

This data summary describes current land 
use and land cover status (first section) and 
trends (second section) in the project area 
between 1996 and 2010 based on available 
data. Although some land uses are common-
ly associated with land cover types such as 
forest, agriculture, or industrial, some human 
activities (e.g., recreation) are not directly re-
lated to a land cover. The terms land use and 
land cover are frequently referred to as LULC 
in this data summary (see sidebar).

The topics discussed below include current 
and recent historic LULC patterns in the proj-
ect area’s nine subsystems (Figure 1). 

Table 1 lists the LULC classes used in this data 
summary and the equivalent LULC classes 
used by its major data sources (US Geological 
Survey, Coastal Change Analysis Program, 
National Land Cover Database). 

Table 2 summarizes the characteristics of 
the datasets used in this summary. Forest, 
Scrub/Shrub, and Wetlands are included here 

as LULC  classes, but readers should consult 
Chapter 12: Vegetation for information about 
project area vegetation communities. Similar-
ly, impervious surfaces, roads, tide gates, and 
levees are examined in detail in separate data 
summaries within the current chapter (Chap-
ter 8: Physical Description). 
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LULC Status in the Project Area

Table 3 and Figures 2a-2c provide an overview 
of the areal distribution and percentages of 
the LULC categories for the project area and 
each of its subsystems based on 2010 Coastal 
Change Analysis Program data (C-CAP 2014), 
and 2011 National Land Cover Database data 
(NLCD 2011) . Detailed descriptions of the 
LULC categories in this section are presented 
in the following order:  Forest, Scrub/Shrub, 
and Grassland (land cover); Urban/Devel-
oped, Agriculture (land use); and Barren, 
Wetlands, Water (natural features).

Forest

The C-CAP and NLCD datasets classify an area 
as Forest when more than 20% of the total 

area is covered by trees greater than 5 m (16 
ft) tall. Both C-CAP and NLCD data sources 
are in close agreement on Forest coverage in 
the project area. About 50% (C-CAP: 49.9%; 
NLCD: 50.1%) of land cover types are clas-
sified as Forest (Table 3 and Figures 2a, 2b, 
2c, 3). Forest coverage is further classified 
as Deciduous (C-CAP: 1.6%; NLCD: 1.2%), 
Evergreen (C-CAP: 30.6%; NLCD: 31.3%), 
and Mixed (both evergreen and deciduous)
(C-CAP: 17.6%; NLCD: 18.3%). Neither data 
set distinguishes between natural forest and 
trees managed for timber production. 

The two data sources are also in close agree-
ment on subsystem Forest coverage (Table 
3, Figure 2a). At least 50% of Coos River, 
Catching Slough, Haynes Inlet, and South 

Table 1. General land use and land cover types in project area and classes as referenced by data sources. Data Sources: USGS 2005; 
NLCD 2001a, 2001b, 2006, 2011, C-Cap 2014.
* Note: The Ice/Snow class is likely an error but since its total area is so insignificant, all classes were retained “as is”.
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Figure 2a. Comparison of 2010 C-CAP and 2011 NLCD Land Cover for Subsystems and Project Area. Data Source: C-CAP 2014; NLCD 
2011

Slough subsystems are classified as Forest. 
Isthmus Slough, North Slough, Pony Slough, 
and Upper Bay are 30-50% Forest. The Lower 
Bay is less than 10% Forest. Evergreen forests 
are more abundant than mixed forests in all 
subsystems except Catching Slough, which 
has slightly more mixed forests than ever-
green. Deciduous forests occupy less than 2.5 
percent of the area of each subsystem. 

Scrub/Shrub

Scrub/Shrub areas are dominated by shrubs 
less than 5 meters tall and typically more 
than 20% of total vegetation. When forests 
are harvested using clear-cut methods, the 
re-growth of true shrubs or young trees is 
classified by C-CAP and NLCD as Scrub/Shrub, 
although very recent clear-cuts may also be 
classified as grasslands. Scrub/Shrub is the 
next most abundant land cover type for the 
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Figure 2b. Coastal Change Analysis Program (C-CAP) 2010 land use and cover. Data Source: C-CAP 2014

Figure 2c. National Land Cover Dataset (NLCD) 2011 land use and cover. Note the waters of the Coos Estuary 
were not included in NLCD’s 2011 data. Data Source: NLCD 2011
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Figure 3. Distribution of Forest land in project area subsystems. Data Source: NLCD 2011

Figure 4. Distribution of Shrub/Scrub/Grass land in study area subsystems. Data Source: NLCD 2011 
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project area (roughly 22-23%) in both the 
C-CAP and NLCD data (Table 3, Figures 2a, 4).
Scrub-Shrub percentages range between 15-
35% for all subsystems, except for Lower Bay 
and Pony Slough, which range between 4-6% 
Scrub/Shrub.

Grassland

Grasslands are predominately composed of 
herbaceous (non-woody) or graminoid (grass, 
sedge, rush) vegetation that is not tilled or 
intensively managed, but may be used for 
grazing (NLCD). Although grasslands are often 
locally associated with recently clear-cut 
forests and scrub/shrub vegetation, coastal 
dunes and other grassy environments are 
also represented. Note the coastal and inland 
distribution of grasslands and scrub/shrub in 

Figure 5. The percent Grassland data is consis-
tent between C-CAP and NLCD data sources 
for the project area (6-7%) and among the 
subsystems (approximately 3-10%)(Table 3, 
Figures 2a and 5).
  
Developed

Both data sources define four subclasses of 
Developed land, based on the percentage 
of constructed or impervious surfaces: High 
Intensity (80-100%); Medium Intensity (50-
79%); Low Intensity (21-49%) and Developed 
Open Space (< 20%). The total percentage 
of land uses classified as Developed in the 
project area is relatively low (C-CAP: 4.45%; 
NLCD: 8.38%)(Table 3, Figures 2a and 6). The 
difference between the two data sources 
(NLCD’s total Developed percentage is almost 

Figure 5. Distribution of Grassland in project area subsystems. Data Source: NLCD 2011
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Figure 6. Distribution of Developed land in project area subsystems. Data Source: NLCD 2011

Figure 7. Distribution of Agricultural land in project area subsystems. Data Source: NLCD 2011
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Figure 8. Distribution of Bare Land in project area subsystems. Data Source: NLCD 2011

Figure 9. Distribution of Wetlands in project area subsystems. Data Source: NLCD 2011



8-98 Physical Description in the Coos Estuary and the Lower Coos Watershed

twice C-CAP’s) reflects the large difference in 
their Developed Open Space category (C-CAP: 
0.86%; NLCD: 4.50%), which appears to come 
from their distinctly different classification of 
that subclass. NLCD Developed Open Space 
data include large-lot housing units and uses 
percent imperviousness (roads, roof-tops) in 
its Developed Open Space classification, while 
C-CAP does not (Homer et al. 2004) .  

Of the other three Developed subclasses, the 
greatest percentage in the project area is Low 
Intensity development (C-CAP: 2.26%; NLCD: 
2.21%). 

In project area subsystems, Pony Slough is the 
only subsystem with more than 40% devel-
oped land, Isthmus Slough and Lower Bay are 
about 10-20% developed, and the remaining 
subsystems are less than 10% developed. The 
NLCD data are consistently higher than the 
C-CAP data for all subsystems. 

Agriculture

Areas with more than 20% of the vegetation 
managed for crops, hay, livestock pasture or 
actively tilled are classified Agriculture by 
C-CAP and NLCD. Both sources are in close 
agreement on the total percentage of land 
uses classified as Agriculture in the project 
area (C-CAP: 1.84%; NLCD: 1.77%)(Table 3, 
Figures 2a and 7). Of the two land use sub-
classes comprising Agriculture, Pasture/hay 
is the largest component (C-CAP: 1.74%; 
NLCD: 1.69%). The other Agriculture subclass 
is Cultivated (C-CAP: 0.10%; NLCD: 0.08%). 
Agriculture comprises about 2.5 – 4.6% in 
Coos River, Catching Slough, and Haynes 

Inlet subsystems, roughly 0.5 – 1% in Isthmus 
Slough, North Slough, and Upper Bay, but 
near 0% in Lower Bay, South Slough, and Pony 
Slough (Figure 7).   

Barren

The Barren LULC classification consists of ex-
posed rock, sand, or clay including local areas 
of exposed bedrock, sand dunes, landslides, 
open mines, or gravel pits. Note that C-CAP 
also uses an “unconsolidated shore” category 
that includes silt, sand, and gravel subject to 
inundation, which is not used in NLCD clas-
sifications (Table 3). Both data sources are 
in close agreement on the total percentage 
of areas classified as Barren (C-CAP: 2.34%; 
NLCD: 2.72%)(Table 3, Figures 2a and 8). 
Barren land occupies about 21% in the Lower 
Bay subsystem (sand dunes); 2-5% in South 
and North Sloughs, respectively; and 0-1.5% 
in Coos River, Catching Slough, Haynes Inlet, 
Isthmus Slough, Pony Slough, and Upper Bay.

Wetlands

Wetland classifications differ in the NLCD and 
C-CAP data. C-CAP distinguishes between 
Palustrine Wetlands (tidal and non-tidal areas 
with ocean-derived salinity below 0.5%) 
and Estuarine Wetlands (tidal areas with ≥ 
0.5% salinity). Each C-CAP category is further 
divided into Forested, Scrub/Shrub, Emergent 
classes. In contrast to C-CAP’s six wetland 
classes, NLCD distinguished only two: Woody 
and Emergent Herbaceous (Table 3). 

Emergent Wetlands comprise 4-5% of the 
project area and Woody Wetlands are about 
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Figure 10. Water distribution in the project area- combining 2006 and 2011 NLCD data. Data Source: NLCD 2006; 
2011.

3% in both data sets (Table 3, Figures 2a and 
9). Emergent Wetlands (salt, brackish and 
freshwater marshes) cover about 1-3% of the 
Coos River, South Slough, and Pony Slough 
subsystems, and about 4%-6% in Haynes
Inlet, Catching Slough, Isthmus Slough, North 
Slough, and Upper Bay subsystems. The Low-
er Bay subsystem is about 14-18% Emergent 
Wetlands.

Woody Wetlands (forested and shrubby fresh-
water wetlands) are between 1%- 4.5% of the 
area in every subsystem, except the Lower 
Bay which is about 13-17% Woody Wetlands. 
The Lower Bay is the most diverse of the 
subsystems due to significant proportions of 
lands classified as Woody Wetlands, Emer-
gent Wetlands, Water, and Barren.

Water

Open water is classified by both C-CAP and 
NLCD as areas with less than 25% vegetation 
or soil. Perennial Ice/Snow is classified as Wa-
ter in the NLCD but as Barren in C-CAP.  For 
this data summary, the NLCD standard was 
used and the locally irrelevant percentage of 
“Ice/Snow” was considered Water. 
To estimate and map the percentage of the 
project area classified as Water we used an 
adjusted version of the NLCD data that par-
tially compensates for differences between 
data sources (e.g., the Coos Estuary was clas-
sified as Water in C-CAP, but not in NLCD 2011 
(Table 3, Figures 2b, 2c)). The adjusted data 
and resulting map are shown in Figure 10. 
The total percentage of Water in the project 
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area is estimated by C-CAP at 3.02% (Table 3) 
and by NLCD (adjusted) at 5.84% (Figure 10).   

Trends: Project Area LULC Change Between 
1996 and 2010

In this section, LULC changes are examined in 
a relatively short-term, recent interval based 
on the 1996-2010 C-CAP data. Following an 
overview of LULC trends in the project area 
and subsystems are descriptions of changes 
to Forest, Scrub/Shrub, Grasslands, Devel-
oped, Agriculture, Barren, Wetlands, and 
Water. 

An analysis of C-CAP data from 1996 and 
2010 showed that 21.6% of the project area 
underwent a land cover change (68 of 315 
total mi2) during that 14 year span (Figure 11 
and Table 4)(for Coos County, the C-CAP atlas 
reported land cover changes for 21.3% of its 
area, thus land use change in the project area 
appears similar to the county as a whole). 

When examined individually, the greatest 
areal and percentage of change occurred in 
the Coos River subsystem, at 31 mi2 (28%), 
followed by Upper Bay, Isthmus Slough, South 
Slough and Catching Slough, each with more 
than 5 mi2 of land use change (approx. 20-
25% change). LULC changed roughly 1-3 mi2 

(8-16%) in the North Slough, Haynes Inlet, 
Lower Bay, and Pony Slough subsystems. The 
spatial distribution and percent change (rel-
ative to the total project area) of these LULC 
changes are provided in Figures 12 and 13 
and Table 5, all of which is described in more 
detail in the following narrative organized by 
changed LULC classes. 

LULC Change 1996-2010: Forest

The percent of land classified by C-CAP as 
Forest in the project area dropped by 11.5% 
between 1996 and 2010. The most common 
change for all Forest types was from Forest 
to Scrub/Shrub throughout the project area 
(see more in the Scrub/Shrub section be-
low). Approximately 11% of the forests in the 
Coos River subsystem became Scrub/Shrub 
between 1996 and 2010, followed by 7.7% 
in South Slough, 6%-7% for Catching Slough, 
Isthmus Slough, North Slough and Upper Bay, 
3.9% for Haynes Inlet, and 0.6% in Lower Bay 
(Figure 14).  

LULC Change 1996-2010: Scrub/Shrub

Locally, the upland Scrub/Shrub LULC class 
represents transitional vegetation communi-
ties following natural disturbance events (e.g., 
slope failure, fire) or human activities such 
as timber harvest operations. In the project 
area, Scrub/Shrub lands increased by 36 mi2; 
from 10% total coverage in 1996 to over 21% 
in 2010 (Figures 12 and 13, Table 5). As men-
tioned above, the greatest shift in vegetation 
cover in the project area was the conversion 
of Forest to the Scrub/Shrub LULC class (Fig-
ure 15). Over 18 mi2 of forested lands were 
converted to Scrub/Shrub during the 14 year 
study period.  For additional detail on chang-
es in Scrub/Shrub vegetation see Grassland 
section below and the Terrestrial Vegetation 
data summary in Chapter 12: Vegetation. 

LULC Change 1996-2010: Grasslands

Between 1996 and 2010 it appears that tim-
ber harvests and likely natural disturbances 



8-101Physical Description in the Coos Estuary and the Lower Coos Watershed

Table 4. Percent LULC change in project area subsystems between 1996 and 2010. Data Source: C-CAP 2014

Figure 11.  Percent change of LULC classes in the project area between 1996 and 2010. Data Source : C-CAP 2014
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Figure 12. Distribution of the eight largest LULC class changes in the project area between 1996 and 2010. All other changes are indicat-
ed in the “Other” category. Within the project area, gray areas not colored were unchanged. Data Source: C-CAP 2014

Figure 13. Percent relative to the total 
project area of the eight largest LULC 
class changes between 1996 and 2010 
in the project area. Use legend in Figure 
12 to identify LULC class changes. Data 
Source: C-CAP 2014



Table 5. Area and percent relative to the total project area of all LULC class changes between 1996 and 2010 in the project area. Data Source: C-CAP 2014
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created new areas of Grassland (as classi-
fied by C-CAP). Grassland gains ranged from 
+0.4% to 5.1% in Lower Bay and South Slough 
subsystems respectively (Figures 12, 13, 16, 
Table 5).  

Percent Grassland losses also occurred be-
tween 1996 and 2010 in project area sub-
systems- mainly conversions to Scrub/Shrub 
LULC- as follows:  Upper Bay- 7.9%; Catching 
Slough- 6.7%; Coos River- 6.3%; South Slough- 
4.5%;  Isthmus Slough- 4.4%; North Slough- 
4.2%; Haynes Inlet- 2.5%; Lower Bay- 2%; and 
Pony Slough- 1% subsystems.  Grasslands 
(recent timber harvest areas) appear to C-CAP 
as Scrub/Shrub areas when vegetation cover 
in those recent timber harvest areas begin to 
mature into young forests full of tree seed-
lings and shrubs. 

LULC Change 1996-2010: Developed 

Developed land change analysis focused on 
three transition types: 1) non-Developed 
LULC classes re-classified to Developed class-
es; 2) changes from one Developed class to 
another Developed class; and 3) Developed 
classes re-classified to non-Developed classes. 
Each transition type is discussed separately 
below.
 
1. Non-Developed Classes Reclassified to 
Developed Classes

The non-Developed classes most frequent-
ly re-classified to Developed classes in the 
project area between 1996 and 2010 were 
Forests and Grasslands. Fewer Agriculture, 
Wetlands, and Scrub/Shrub areas were also 

reclassified to Developed classes (Figure 
17a). The Pony Slough subsystem experi-
enced about 121 acres (2.2% of its total area) 
converted from a non-Developed class to a 
Developed category (Figures 17b, 17c). About 
half the change was attributed to transitions 
to Low Intensity Developed, followed by Me-
dium then High Intensity Developed. Nearly 
half the gains in Developed lands came from 
Forest conversions. In the Lower Bay sub-
system, 118 acres (0.7%) were converted- in 
descending order of acreage- to Low, Medi-
um, High Intensity Developed, and Developed 
Open Space. These were most often convert-
ed from Grassland (0.25%) or Forest (0.22%) 
classes. About 86 acres (0.4%) of the Isthmus 
Slough subsystem changed to Developed 
Open Space or Low Intensity Developed. 
Conversion primarily from Forest (0.19%) 
followed by Agriculture (0.11%). All the other 
subsystems experienced less than 40 acres (< 
0.3%) change from non-Developed to Devel-
oped classes. 

2. Change from One Developed Class to An-
other Developed Class

For changes between developed classes, 
the subsystems fell into two groups: a) very 
minor changes (essentially unchanged); and 
b) modest changes (roughly 5-15 acres). Very 
minor changes were detected in the Coos 
River, Catching Slough, Haynes Inlet, North 
Slough and South Slough subsystems. Mod-
est changes were detected in the Upper Bay, 
Lower Bay, Pony Slough, and Isthmus Slough 
subsystems. Many of the changes are charac-
terized by normal urban growth- transitions 
from lower intensity Developed classes to 
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Figure 16. Grassland gains and losses 1996-2010. Data Source: Gains most often came from Forest, and losses from 
Scrub/Shrub conversions. Data Source: C-CAP 2014

Figure 14. Forest gains and losses 1996-2010. Most losses were conversions to Scrub/Shrub. Data: C-CAP 2014

Figure 15. Scrub/shrub gains and losses 1996-2010. Gains were primarily conversions to Forest or Grassland. Data 
Source: C-CAP 2014
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Figures 17a (top), 17b (middle), 17c (bottom).  Top development gains between 1996 and 2010 by land cover (17a), gains 
and losses to subsystems by acres (17b), and gains and losses to subsystems by percent (17c). Data Source: C-CAP 2014
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higher intensity Developed classes. But the 
reverse also occurred when higher intensity 
Developed classes were reclassified to lower 
intensity classes for reasons that are less 
clear, though possibly explained by mapping 
and/or classification errors. 

3. Developed Classes Reclassified to Non-De-
veloped Classes

Changes from higher intensity Developed 
classes to Non-Developed classes are unlike-
ly to be real changes because development 
tends to be permanent (NOAA 2010). All 
areas that appear to change from Developed 
to Forest are very small (<0.33 acres) and are 
most likely mapping errors. However, some 
areas need to be investigated further includ-
ing Isthmus Slough which has the largest 
area (19 acres) reclassified from Developed 
to Non-Developed classes (mostly Barren)
(Figures 17b and 17c). Similarly, significant 
changes in the Lower Bay (10.5 acres) and 
Pony Slough (6 acres) subsystems bear further 
investigation. In all cases Barren is the most 
common class into which Developed classes 
changed (Figures 12 and 13, Table 5). All oth-
er subsystems include less than three acres 
changed from Developed lands to Non-Devel-
oped classes.  

LULC Change 1996-2010: Agriculture

Lands classified by C-CAP as Agriculture ex-
perienced a net loss of 59 acres in the project 
Area (0.3% of total area). The greatest loss 
was detected in the Isthmus Slough subsys-
tem (Figure 18). However, interpreting spe-
cific changes to and from Agriculture may be 

confounded by classification errors. The net 
loss of areas classed Agriculture from 1996-
2010 can mostly be attributed to conversions 
to Wetland (92 acres) and Developed (36 
acres) classes. In some instances, herbaceous 
wetlands converted historically to agricul-
tural uses may later have been intentionally 
(through restoration actions) inadvertently 
allowed to revert once again to wetlands. In 
addition, lands classed Agricultural can, under 
specific circumstances, be converted to resi-
dential land uses.
  
LULC Change 1996-2010: Barren

In the project area, lands classed by C-CAP as 
Barren changed minimally between 1996 and 
2010.  For example, the largest net percent-
age change from Barren land to other LULC 
classes was 1.3% in the Upper Bay subsystem 
followed by the Lower Bay subsystem (1%) 
(Figure 19).  The Pony Slough subsystem 
experienced a 1% net gain in Barren lands.  
The net gains and losses for lands classified as 
Barren were less than 1% for all other subsys-
tems. 

LULC Change 1996-2010: Wetlands

The percentage of gains and losses in lands 
classified by C-CAP as Emergent Wetlands 
were generally very small, and varied across 
the subsystems (Figure 20a). The changes 
detected were so small that they may be clas-
sified as “noise” rather than actual changes in 
Emergent Wetland area. Detected “changes” 
included net gains in the Lower Bay (1%), Isth-
mus Slough (0.4%), and Pony Slough (0.2%) 
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subsystems; and net losses in Haynes Inlet 
(-1%), Catching Slough (-0.7%), Upper Bay 
(-0.5%), and smaller losses in the remaining 
subsystems. Most of the changes appeared to 
be attributable to transitions from the Emer-
gent Wetland class to the Woody Wetland 
class (Figure 20b). However, without addi-
tional information, it is impossible to reliably 
determine if these apparent changes are real 
or simply artifacts of the mapping process 
(i.e. classification errors, or improvements in 
classification technology over time).
LULC Change 1996-2010: Water

Although our change analysis detected 426 
acres of the project area reclassified to Water 
and 244 acres reclassified from Water to 
other LULC classes, these changes represent 
very small percentages of the total area and 
may be spurious. Given the dynamics of the 
tides and the length of the Coos estuary’s 
shoreline, it’s not surprising that the apparent 
gains and losses from the Water class appear 

mostly in the Barren and Wetland classes. 
Only the Pony Slough subsystem appeared to 
experience an apparent change approaching 
even 1% (Figure 21). Again, different map 
characteristics and classification techniques 
between 1996 and 2010, are feasible explana-
tions for the small shifts between Water and 
other LULC classes.

 
Background

Land use and land cover information links the 
socio-economic and environmental charac-
teristics of an area by describing 1) how and 
where a community’s socioeconomic activi-
ties are physically reflected on the local land-
scape and 2) the location and extent of the 
natural resources most valued by the com-
munity. LULC status and trends information 
is critical to helping communities plan for the 
future by providing a foundation for discuss-
ing how land and associated natural resourc-

Figure 18. Agriculture Gains and Losses 1996-2010 by subsystem.  Data Source: C-CAP 2014
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Figure 19. Barren land percent gains and losses by subsystem between 1996 and 2010. Data: C-CAP 2014

Figures 20a (top) and 20b (bottom).  Emergent Wetland and Woody Wetland Gains and Losses 1996-2010. Data: C-CAP 
2014
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es will be used, conserved or restored in the 
foreseeable future.  In this section we explain 
historic LULC trends and briefly discuss two 
models that planners use to describe future 
LULC scenarios. 

Historic Status of Forest Lands

Historic LULC data are available for the proj-
ect area (data sources listed in Table 2); how-
ever, since content, formats, and LULC classes 
were inconsistent between data sources, 
the effort needed to normalize and effec-
tively analyze the data was deemed beyond 
the scope of this project.  Since some of the 
historic data for the Forest class was relatively 
consistent across data sets, we present those 
findings below, with additional information 
about historic forest fires.  This section is not 
intended to exhaustively describe the history 
of lands classed as Forest in the project area.

An Oregon Department of Forestry map enti-

tled “Forest Land and Vegetative Land cover 
for the State of Oregon, circa 1900” allows 
comparison of current forest distribution with 
conditions over a century ago (ODF 2000). 
Although the map scale is coarse (1:500,000), 
it provides a useful historical perspective on 
the distribution of the forests and associated 
land use practices. 

According to this map, the Catching Slough 
subsystem contained about 71% Forest and 
29% Woodland while the Isthmus Slough 
subsystem contained about 57% Forest and 
9% Woodland.  Forest and/or Woodland 
comprised roughly 30% to 40% of the Coos 
River, Pony Slough, and South Slough subsys-
tems, but were less than 10% of the North 
Slough (7%), Upper Bay (3%), Lower Bay (1%) 
and Haynes Inlet (0%) subsystems. Coos River 
was the only subsystem with a significant 
proportion (11%) of cut timber that was not 
being restocked in 1900.  See Table 6 below 

Figure 21.  Water gains and losses by subsystem between 1996 and 2010. Data Source: C-CAP 2014
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for Forest coverage in the project area from 
“pre-settlement” times (1880’s) to  2011.

In 1900, Catching Slough was the only subsys-
tem without burned areas (Table 6). Accord-
ing to Zybach (2003), the classification of 
burnt areas on Oregon Department of For-
estry’s 1900 map was intended to represent 
“nearly or complete” timber destruction and 
areas only partially destroyed by fires were 
not included. According to the map, the burnt 
class covered 65% of the Haynes Inlet subsys-
tem. Burned areas were also extensive in the 
Upper Bay (60%), North Slough (56%), and 
South Slough (46%) subsystems, and present 
to a lesser degree in the Coos River (24%), 
Pony Slough (22%), Lower Bay (21%), and 
Isthmus Slough (19%) subsystems (Table 6).

For interested readers, Zybach (2003) also 
notes that two large fires were represented 
in the General Land Office surveys of the late 
1890’s upon which the 1900 map was based. 
The Millicoma fire (circa 1765) was likely 

caused by indigenous people but settlers 
probably caused the Coos fire of 1868. Both 
are classified as “catastrophic fires”, cover-
ing more than 100,000 acres of contiguous 
forest land during a single event. Use of fires 
to change local wildlife habitat and provide 
foods for indigenous peoples is well known. 
However, fires were also important for the 
development of dense, even-aged stands of 
second-growth Douglas fir that promoted the 
timber industry in later years (Zybach 2003).
Historic forests from “pre-settlement” times 
are shown on the map, “Oregon’s Historic 
Vegetation (1938) – reclassified to functional 
type” (Tobalske and Osborn-Gowey 2002).  It 
is a moderate-scale map (roughly 1:100,000) 
created by merging data from several sources 
and approximates the potential natural vege-
tation of that period. 

Based on this map, in its natural state, the 
Coos River subsystem was 92% Forest, 
remaining relatively unchanged through the 
1970’s (95% forest)(Table 6). The percent 

Table 6. Changes in historic Forest cover. Subsystems: CR- Coos River; CS- Catching Slough; HI- Haynes Inlet; IS- Isthmus Slough; 
LB- Lower Bay; NS- North Slough; PS- Pony Slough; SS- South Slough; UB- Upper Bay.  Data Sources: Tobalske and Osborne-Gowey 
(2002), ODF 2000, USGS 2005, NLCD 1992, 2001, 2006, 2011.
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of Forest cover in the Coos River subsystem 
declined quickly between the 1970’s and the 
1990’s, then more slowly in subsequent years, 
to about 58% in 2011. This same pattern 
of stability in Forest cover until the 1970’s 
followed by rapid change is reflected in many 
other project area subsystems: Catching 
Slough, Haynes Inlet, Isthmus Slough, North 
Slough, and South Slough. For the Lower Bay, 
Pony Slough, and Upper Bay subsystems, 
a higher degree of change in Forest cover 
occurred between pre-settlement and 1970’s 
time periods (e.g., the estimated percentages 
of pre-settlement forest areas were 14-32% 
larger than forest percentages in 1970’s for 
these subsystems).  It should be noted that 
these differences may well be actual changes 
but could also be attributable to mapping 
inaccuracies. 

Future LULC Planning Scenarios

A brief discussion of two models that seek 
to portray future changes in land cover is 
provided for interested readers. Both models 
assume human population growth and con-
versions of natural landscapes to residential 
or other urban purposes are among several 
socio-economic and environmental factors 
expected to influence the distribution of land 
cover types and the rate of change in the 
future. It should be noted that the models are 
designed for relatively large areas (i.e. county, 
ecoregion), larger than the size of the project 
area. Each model simulates conditions for 
multiple time frames, but for convenience, 
only a single year (2050) is presented here to 
illustrate each model.
The Coastal Landscape Analysis and Modeling 

Study (CLAMS) developed an empirical model 
of building density (structure counts) for the 
Oregon Coast Range Mountains.  The goal of 
the model was “to place current and future 
forest policies in an appropriate socioeco-
nomic context by accounting for the future 
distribution of humans throughout the study 
region” (Kline et al. 2003).  Although discrete 
categories of Forest and Developed lands 
were historically used to identify the presence 
or absence of humans, this model reflected 
a continuum of human habitation on Forest 
land. Photo-point observations of building 
density on non-federal lands from 1974, 
1982, and 1994 were used to characterize the 
dispersed conversion of forests to low-density 
development (Kline et al. 2003). In addition, 
information on slope, elevation, land use zon-
ing, and “gravity indices”, which describe the 
spatial diffusion of human populations, were 
used to develop an empirical model. 

Future building densities are computed by 
combining the CLAMS model with projected 
changes to the gravity indices and building 
densities. As an example of the model output 
for our project area see Figure 22, which was 
created by applying the projected gravity 
indices and building densities to a 1995 map 
as the base year and extended to 2050.

Another model, created by the Oregon De-
partment of Forestry, illustrates the amount 
of Forest, Agriculture, or Range (Grassland 
and Scrub/Shrub LULC classes combined) 
lands that could become low-density resi-
dential or urban land to accommodate an 
additional 2.5 - 3.0 million people in Oregon 
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by 2065 (ODF 2014, n.d.). This model allows 
users to change variables and assumptions 
to create alternative growth scenarios and 
examine the potential outcomes of land 
management decisions. The model iden-
tifies where growth would likely occur in 
each county based on 12 spatial data layers 
including recent land use, population, expect-
ed population increases in five-year intervals 
(using projections from the U.S. Bureau of 
Census and Portland State University Cen-
ter for Population Research), slope, land 
ownership, management intentions, urban 
growth boundaries, and proximity to roads 

or currently developed areas. It projects the 
2009 land use classes from “Forests, Farms, 
and People – Land Use Change on Non-Fed-
eral Land in Oregon 1974 – 2009” to the year 
2065. The model provides three scenarios for 
increasing developed land: 1) “Grow-up” or 
“in-fill” where population density is increased 
only in areas already developed or within 
an urban growth boundary; 2) “Grow-out” 
conversion of forest, range, or agricultural 
land anywhere; and 3) “Protect Agriculture 
and Forest”, which limits resource land 
conversions and approximates current land 
use regulations. Figures 23a and 23b display 

Figure 22. Projected distribution of Structure Density in year 2050.  Data Source: CLAMS 2001
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Figures 23a (top) and 23b (bottom).  Projected distribution of population (23a) and land cover types (23b) in year 
2050 according to the “Protect Agriculture and Forest” scenario. Data Source: ODF n.d.
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the projected population and development 
areas according to the “Protect Agriculture 
and Forest” scenario for the year 2050 in the 
project area. 
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Human Infrastructure 
in the Lower Coos Watershed

Location of major 
human infrastruc-
ture in the project 
area including 
levees, tide gates, 
roads, imper-
vious surfaces, 
and stormwater 
outfalls, and their 
associated data 
sources. Also 
shown are tax lots 
where levees and 
tide gates either 
currently exclude, 
or historically 
excluded tidal 
flooding.

Summary:   
 § There are 76 miles of intact, functioning levees 

and 17 miles of breached levees in the project 
area; 138 tide-gated culverts pass through these 
levees.

 § Total impervious surface area 
has steadily increased in the 
project area since 2001. The 
subsystem with the greatest 
impervious surface percentage 
is Pony Slough.

 § Road densities in all subsystems 
far exceed commonly accepted 
criteria for healthy watersheds.               

Haynes Inlet levee 

Kentuck Slough levee 

and  tide gate 

Impervious surfaces in the 
Pony Slough Subsystem 
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What’s happening?

In the following data summary we provide 
the most current information describing the 
following types of human infrastructure in the 
project area: levees and tide gates, impervi-
ous surfaces, roads, and those lands (mapped 
as tax lots) where levees and tide gates either 
currently exclude, or historically excluded 
tidal flooding.

Levees and Tide Gates
As a sea level rise strategic planning tool, the 
Oregon Coastal Management Program (OCMP 
2011a-c) created a geospatial database for 
coastal managers that allows anyone to 
map the locations of levees and tide gates in 
Oregon estuaries. The database was created 
using existing aerial photography and LiDAR 
land contour and elevation data. With this 
tool, coastal managers can identify flood-pro-
tected lands threatened by excessive storm 
tides and target levees in need of repair, or 
those that willing landowners can breach or 
remove to re-establish valuable tidal wet-
lands.

For the purposes of this assessment, these 
OCMP levee data were divided into four main 
categories to determine the condition of 
project area levees: 1) functioning levees; 2) 
breached levees; 3)  historically present but 
removed levees; and 4) side-cast dredge ma-
terial that functions like a levee (Figure 1). Us-
ing these categories, we found over 76 miles 
of functioning levees in the project area, and 
over 17 miles of breached levees which no 
longer function as intended (Figure 2). 

Levee – An elevated embankment that 

provides protection to land behind it from 

flooding by rivers or tidally influenced 

channels. Levees can be natural or artifi-

cial and made from a variety of materials, 

although they are most commonly earth-

en structures. The term “dike” is common-

ly used interchangeably with “levee”.

Sidecast – The practice of piling soil on 

the side of the bank while dredging or 

excavating a drainage ditch.

Tide gate – A culvert or opening placed 

into a levee with a hinged flap on the 

downstream end that allows freshwater 

to flow into the estuary, but prevents 

brackish water from flooding land behind 

the levee.

We analyzed each of the OCMP levee data 
categories by levee land owner (Figures 3 and 
4). Over 50 miles (or over 65%) of levees are 
managed by private entities in the project 
area (this includes residential and commercial 
land owners). Local government land owners 
manage the next highest number of levees 
(nearly 28 miles). Private land owners man-
age the most levee types. 

Private land owners manage the most le-
vees in each category. Of all levees managed 
by local government land owners, 91% are 
functioning levees. This is also the highest 
percent of functioning levees in a single land 
owner group. State government, by contrast, 
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Figure 1. Location and status  
of levees as identified by the 
Oregon Coastal Management 
Programs levee inventory.  Func-
tioning levees include man-made 
and natural levees. Data source: 
OCMP 2011a.

manage the greatest percentage of breached 
levees (26%) as a percentage of all state-man-
aged levees in the project area. The greatest 
number of miles of levee removed (over four 
miles) has occurred on private lands; this is 
the highest percent of removed levees by a 
single owner group (8%).  Drainage districts 
managed more sidecast-type levees as a 
percentage of their holdings than any other 
managing entity. 

OCMP (2011b) provides coarse-scale spatial 
data which can be used to highlight lands in 
the project area excluded from tidal flooding 
by levees (currently or historically)(Figure 
5). Based on tax assessor parcels, these data 
include any lands clearly being protected by 
a levee or immediately adjacent to a levee. 
Because not all the land in these adjacent 
parcels is/was protected by the levee, these 
data are an overestimation of the levee-influ-
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Figure 2. Total miles of levee as identified by the Oregon 
Coastal Management Programs levee inventory.  Functioning 
levees include manmade and natural levees. Data source: 
OCMP 2011a. 

Figure 3. Total miles of each category of levee by land manager.  
Private managers include residential and commercial owners. 
“Drg. Dist” stands for drainage district.  Data source: OCMP 
2011a. 

Figure 4. Locations of levees by managing 
entity.  Levees shown include functioning and 
breached levees, and sidecast piles. Private 
managers include residential  and commercial 
owners. Local government includes cities and 
county.  Data source: OCMP 2011a.
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Figure 5. Lands (based on tax lots) that are currently or were 
historically protected by levees.  Data source: OCMP 2011b.

Figure 6. Tide gate locations in the Coos watershed identified 
during Oregon Coastal Management Programs levee inventory. 
Data source: OCMP 2011c.

enced lands. Using these data, we calculate 
that the project area includes over 17,300 
acres (27 mi2) of land parcels, some portion of 
which are or were excluded from tidal flood-
ing by levees (Figure 5). 

Additionally, we mapped OCMP (2011c) tide 
gate locations for the project area (Figure 
6). In 2009, there were 138 tide gates in the 
project area. Most of those were concen-
trated along Coos River and Catching Slough 
tributaries.

Impervious Surfaces
Impervious surfaces are the paved surfaces 
and structures that prevent the natural infil-
tration of precipitation into soils. By prevent-
ing soils from absorbing precipitation during 
storms, impervious surfaces can indirectly 
create large volumes of surface runoff that 
have the potential to adversely affect natural 
habitats and human development (e.g., deliv-
ering sediment to salmon spawning gravels, 

eroding developed shorelines)(USEPA 2014; 
NOAA 2010; Flinker and Millar 2010).  
The United States Environmental Protection 
Agency (USEPA) has established an impervi-
ous surface threshold range of 4-6% of the 
total watershed area beyond which they es-
timate water quality degradation and impair-
ments to aquatic biota can begin to become 
apparent (USEPA 2014). 

Others have established commonly used 
impervious surface thresholds to describe the 
degree of risk to stream health. Impairment 
to stream water quality becomes evident 
when 1-10% of the watershed is covered 
with impervious surfaces; and impairment to 
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Figure 7. Distribu-
tions of impervious 
surfaces covering the 
project area in 2011, 
in three categories of 
severity for causing 
water quality degra-
dation.  Subsystems 
are labeled. 

Data: MRLC 2015

Figure 8. Percentage of impervious cover for each subsystem 
over the course of a decade. Data: MRLC 2015

stream water quality becomes severe when 
the watershed is covered with greater than 
25% impervious surfaces (NHEP 2007; Flinker 
and Millar 2010; citations within Exum et al. 
2005; Schueler 2003). In this section, we will 
refer to these thresholds as the moderate and 
severe thresholds, respectively.

According to the National Oceanic and 
Atmospheric Administration (NOAA 2010), 
impervious surfaces cover about 0.5% of Coos 
County, and about 0.68% of the Coos water-
shed as a whole, both well below the impervi-
ous surface thresholds described above. 

The National Land Cover Dataset (NLCD), pro-
vided by the Multi-Resolution Land Charac-
teristics Consortium, began to include imper-

vious surface data in 2001, and is updated 
every five years (MRLC 2015). A comparison 
between project area subsystems using the 
NLCD spatial data indicates that Pony Slough 
has the greatest percentage of impervious 
surface coverage with 43% of the Pony Slough 
subsystem area above the moderate thresh-
old, and 33% exceeding the severe threshold 
(Figures 7 and 8). 



8-123Physical Description in the Coos Estuary and the Lower Coos Watershed

Figure 9. Total impervious surface cover (in acres) for the proj-
ect area that was greater or equal to 25%. Data: MRLC 2015

Figure 10. Outfall locations within Coos Bay and North Bend 
city limits. Data: City of Coos Bay n.d.; City of North Bend 2005.

Significant impervious surface area above the 
moderate threshold exist in the Lower Bay 
(13%), Isthmus Slough (11%), North Slough 
(7%), Upper Bay (6%), and South Slough (3%) 
subsystems. Impervious surfaces above the 
moderate threshold comprise less than 2% of 
the area in the Catching Slough, Haynes Inlet, 
and Coos River subsystems.

Between 2001 and 2011, total impervious 
cover above the severe threshold increased 
slightly in all subsystems and in the project 
area as a whole (Figures 8 and 9). The growth 
rate in impervious surface area was generally 
faster in the period between 2001 and 2006 
than between 2006 to 2011, with the highest 
total acreage, and the most rapid increase, 
occurring in Pony Slough. The smallest chang-
es to impervious surface cover occurred in 
Haynes Inlet, Catching Slough, Coos River and 
South Slough.  

Over the decade for which data are available 
(2001-11), more than 500 acres (0.8 mi2) of 
impervious cover were added to the severe 
(≥25%) category in the project area, totaling 
6,500 acres (10 mi2) by 2011 (Figure 9). 

Areas already covered by 10-24% impervious 
surface (over the moderate threshold but 
under severe) accounted for most of those 
gains, rather than areas of lower impervious 
surface cover reaching levels of greater im-
perviousness. Greater growth in impervious 
surface area occurred between 2001-2006 
compared with 2006-2011.

Surface runoff and the related pollutants are 
positively correlated with impervious sur-
face area. Urban runoff, often unfiltered, is 
commonly directed into storm drains which 
empty directly into the estuary, creek or 
other water body at specific discharge points, 
or outfalls. Storm drain outfall locations in 
the cities of North Bend and Coos Bay are 
mapped in Figure 10.



8-124 Physical Description in the Coos Estuary and the Lower Coos Watershed

Roads
Like impervious surface area, road density is 
a measure used to evaluate the environmen-
tal conditions in a watershed. While roads 
obviously provide critical support to a wide 
variety of human activities, they do affect 
the same natural systems upon which coast-
al communities and their economies rely. 
Too many roads, for example, will affect the 
movement of wildlife, fracture wildlife popu-
lations, and disrupt hydrological networks and 
natural fire regimes (Forman and Hersperger 
1996). They have also historically degraded or 
eliminated tidal and non-tidal wetlands and 
fish-bearing streams (Forman and Hersperger 
1996). Watersheds with road densities higher 
than 1 mi/mi2 (0.6 km/km2) are considered at 
great risk of water quality and wildlife popu-
lation degradation (Carnefix and Frissell 2009; 
Forman and Alexander 1998). Densities of 
roughly 4 mi/mi2 (2.5 km/km2) have been cor-
related with drastic increases to peak stream 
flows (Forman and Alexander 1998). 

Figure 11. Road density by 
subsystem and total project 
area. The exceedance criteria 
of 1 mile/mile2, above which 
degradation to ecological 
systems occurs, is shown (red 
line). ODOT 2014.

While these estimated thresholds may be 
useful for understanding the general effects 
of too many roads in a watershed, they do 
not take into account road width, pavement 
type, traffic density or road network connec-
tivity (Forman and Alexander 1998). Forman 
and Alexander (1998) suggest the structure of 
road networks is an important consideration; 
large areas with very low road density adja-
cent to high road density areas provide the 
least ecological damage, compared with more 
evenly distributed road networks that cause 
more widespread habitat fragmentation. 

The Oregon Department of Transportation 
(ODOT) regularly compiles statewide data 
from multiple sources to create a comprehen-
sive road data set. Their most current data 
(ODOT 2014) indicate 1,429 miles of road in 
the project area (includes all road types – e.g., 
forest roads, urban streets). This represents a 
road density of over 4.5 mi/mi2 (2.8 km/km2) 
in the project area, far above the estimated 
thresholds suggested by Carnefix and Frissell 
(2009) and Forman and Alexander (1998)(Fig-
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Figure 12. Roads in the project 
area by ownership. Inset pie 
chart shows percentage of 
roads in the project area that 
each entity manages. “Federal 
Government” groups Bureau 
of Land Management (BLM) 
and US Forest Service (USFS) 
managed roads. 

*ODOT’s “Other” category was further broken down by cross-referencing with  land ownership (tax lots). “Other” now includes 
roads on tribal, corporate, water board, Port of Coos Bay, and private residential lands. “Other Government” represents roads on 
lands owned by the Cities of Coos Bay and North Bend, Coos County, Oregon Department of State Lands, and federal government.  
“Forest Product Company” represents roads on lands owned by Menasha Forest Products, Roseburg Forest Products and Weyer-
hauser. Data source: ODOT 2014.

ure 11). Although the ODOT road density data 
are the most accurate estimate available for 
the project area, they likely under-represent 
current conditions as new roads (especially 
forest roads) have been created since those 
data were compiled. 

By subsystem, road densities were highest in 
Pony and Isthmus Sloughs (densities of 8.5 
and 7.2 mi/mi2 respectively, or 5.3 and 4.5 
km/km2)(Figure 11). These also happen to 
be subsystems with high impervious surface 
coverage. The Haynes Inlet subsystem shows 
the lowest road density at 2.9 mi/mi2.

The ODOT data also provide information on 
road ownership, compiled from multiple 
sources (Figure 12). This information is lim-
ited and so we supplemented their category 
of unknown ownership with land ownership 
information (based on tax assessor maps)(it 
should be noted that land ownership does 
not always indicate who manages lands and 
associated roads).  Lands owned by forest 
product companies (e.g., Weyerhauser) hold 
nearly 30% (414 mi) of the roads in the proj-
ect area; Coos County Highway Department 
owns 14% (200 mi); and Oregon Department 
of Forestry owns 9% (135 mi).
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Background

Levees and Tide Gates

Originally built starting in the 1800’s to 
extend and protect agricultural, urban and 
residential lands in coastal Oregon, many le-
vees are now in danger of being over-topped 
during winter storm tides, which are expect-
ed to cause more flooding as sea levels rise. 
Just as important, the area of remaining tidal 
wetlands (critical nursery habitat for many 
recreational and commercial aquatic life such 
as Dungeness crab) may be in danger of de-
clining as levees prevent inland migration of 
those wetlands in response to sea level rise.

Good (2000) estimates that over 65% of Coos 
estuary tidal wetlands were converted from 
tidal wetland habitat to agriculture, urban, 
and residential uses between 1870 and 1970.  
Miles of levees and hundreds of tide gates 
were constructed to maintain those lands in 
their converted states. Since 1970, some of 
the tidal wetland losses have been reversed 
when willing landowners have removed 
levees to restore lands to their original tidal 
wetland functions (Good 2000).

Tide gated culverts eliminate tidal flooding 
while allowing creeks to continue emptying 
into the estuary during low tide. Water flow 
is controlled by tide gates fitted with hinged 
doors on the culvert’s downstream end (out-
side the levee on the estuary side). Passively 
regulated by difference in water levels on 
either side of the levee, tide gated culverts 
allow water to flow into the estuary but not 
back into the protected lands (Bass 2010). 

For estuarine-dependent and anadromous 
fish species, tide gates often pose nearly 
impassable barriers during high tides each 
day, restricting access to habitat and altering 
migratory timing (Bass 2010). For example, 
sub-yearling Coho salmon may be unable to 
cross between upstream and downstream 
habitats since tide gates create high water 
velocities and outlet waterfalls while the tide 
gate is open that can often prove dangerous 
or impassable in both directions for small fish 
(Bass 2010). Additionally, tide gates can be 
detrimental to downstream migrating juvenile 
salmon that abruptly experience high estua-
rine salinities as they move through the tide 
gate, instead of being allowed to acclimate to 
gradually increasing salinities as they are in 
natural systems. 

Furthermore, disconnecting upstream aquatic 
habitats from the estuary alters their natural 
temperature and salinity regimens. Giannico 
and Souder (2004) discuss how estuarine wet-
land soil salinities change, effecting soil pH 
and its capacity to sequester heavy pollutants 
(e.g., lead, copper, cadmium). This seques-
tration is important, as the pollutants remain 
relatively harmless when chemically bound to 
wetland soils (Giannico and Souder 2004).

Newer tide gate designs are fitted with side-
hinged openings designed to open wider to 
reduce turbulence and water velocity, and 
stay open longer to allow brackish water 
to circulate above the gate and reduce the 
abrupt transition between the salty and fresh 
sides of the gate. (Giannico and Souder 2004).
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Impervious Surfaces

Negative effects of impervious surfaces (e.g., 
increased stormwater runoff volume, velocity, 
and peak flow; reduced groundwater avail-
ability; increased channel erosion; impair-
ments to biota; and increased sediments, 
nutrients, and pollutants) can appear in 
watersheds with as little as 4-6% impervious 
surface coverage (USEPA 2014; NOAA 2010). 

A  New Hampshire Estuaries Project (NHEP) 
fact sheet summarizes several effects of 
impervious surface coverage in watersheds, 
such as the alteration of natural water flow, 
elevated water temperatures, aquatic habitat 
loss, pollutant delivery, and loss of biologic 
diversity (NHEP 2007). Ordinances controlling 
urban development and managing storm-
water runoff are among the socio-economic 
issues associated with managing the effects 
of impervious surface coverage. For example, 
a community wishing to protect local streams 
from the potentially overwhelming effects of 
urban stormwater run-off could regulate the 
density and placement of new housing devel-
opments using a USEPA-designed approach 
(USEPA 2006).

Other ways to address issues associated with 
impervious surface coverage include the use 
of permeable pavements.  Permeable pave-
ments use newly developed materials that 
allow water to move through the pavement 
surfaces. This process reduces runoff and 
allows trapping and filtering of suspended 
solids and pollutants along the way. During 
storms, virtually all rainwater permeates and 
flows through these new types of pavements, 
instead of running off their surfaces, even 

after six years of heavy parking use (Brattebo 
and Booth 2003). Additionally, Brattebo and 
Booth (2003) found that waterborne pollut-
ants (copper, zinc, lead, motor oil, diesel fuel) 
were nonexistent or significantly reduced 
after flowing through permeable pavements 
compared with surface runoff analyzed from 
a typical asphalt-covered area. Unfortunately, 
because permeable pavement is more expen-
sive than regular pavement it is not yet widely 
used.

Roads

A large percent of impervious surfaces serve 
automobile traffic (Brattebo and Booth 2003). 
Essential for transporting both people and 
goods, the term “roads” broadly encompass-
es everything from private and lower capacity 
roads (e.g., alley or street), to high capacity 
highways. Road surfaces are also highly vari-
able and are frequently made of gravel (e.g., 
forest roads), asphalt, or concrete.  

According to Forman and Alexander (1998), 
roads allow human access to remote areas, 
sometimes with unintended consequences. 
For example, diseases (e.g., Port Orford cedar 
root rot) or invasive species expand their 
range past normal distribution bounds to re-
mote areas via vehicular transport on remote 
roads. Forman and Alexander also raise the is-
sue of an increase in human-caused wild fires 
as road density increases. However, remote 
fires are smaller on average in areas of higher 
road density, likely due to relatively easy 
access for fire fighters and the roads’ natural 
contribution to the creation and maintenance 
of fire breaks.
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A National Research Council (NRC 2005) 
report found that paved roads threaten the 
survival and reproductive success of wildlife 
populations. The most direct connection is 
direct mortality to animals (i.e., vehicle col-
lisions), which can affect survival probability 
of local populations. Additionally, roads are 
barriers to wildlife movement. They fragment, 
isolate, or even extirpate some populations 
(especially fish). Noise from high-traffic roads 
can reduce breeding success of many bird 
species, as far as 1,500 meters (~1 mi) from 
the road. 

NRC (2005) described that when surrounding 
landscapes are altered by human develop-
ment (i.e., agriculture, timber or residential), 
buffers along roadsides often act as last 
remaining habitats for native plant, insect, 
bird and small mammal species. Yet roads 
themselves change the native composition of 
plant/animal communities, as these spe-
cies need to be able to cope with vehicular 
pollution, high sunlight exposure, dry and 
sometimes dusty soils and chemical spraying 
or mowing maintenance. 

In addition, NRC (2005) described effects of 
road-related pollution. Pollution from roads 
can reduce wetland biodiversity as far as 2 
km (~1.2 mi) away. Road-related pollution 
can poison wildlife, such as birds, mammals 
and amphibians. Pollutants generated from 
vehicles, such as lead, copper, and zinc, 
accumulates on impervious roads, entering 
waterways during rain events. Other pollut-
ants come from road maintenance activities 
(e.g., road salt, herbicide spraying), and have 
similarly damaging effects to aquatic systems, 
vegetation and wildlife.
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Chapter 9: Water Quality in 
the Coos Estuary and Lower 
Coos Watershed

Physical Factors: Multiple waterways in the 
project area are considered water quality-limited 
under the Clean Water Act for high temperatures 
and low dissolved oxygen.

Nutrients: Phosphorous levels are higher near 
the mouth and nitrogen levels are higher after 
precipitation events; however, nutrient levels 
appear to be generally healthy. 

Bacteria: Approximately 20% of monitored sites 
have maximum bacteria levels exceeding state 
bacteria criteria for fish and shellfish. 

Other Pollutants: Previously operational point 
sources of pollution (e.g., former marina on 
Isthmus Slough) may still pose a threat to water 
quality. Remaining estuarine waters remain 
essentially unstudied.

Subsystems: CR- Coos River, CS- Catching Slough, HI- 
Haynes Inlet, IS- Isthmus Slough, LB- Lower Bay, NS- North 

Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay

Jenni Schmitt, Erik Larsen, Ali Helms, Colleen Burch Johnson, Beth Tanner, Ana 
Andazola-Ramsey - South Slough NERR
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Chapter 9: Water Quality 
in the Coos Estuary 
and Lower Coos Watershed

This chapter includes four data sum-
maries: Physical Factors, Nutrients, 
Bacteria, and Other Pollutants – 
each describing the most current 
research on the status and trends 
(where the data allow) of water 
quality in the Coos Estuary. 

Physical Factors: The most comprehensive 
information for physical water quality param-
eters (dissolved oxygen, water temperature, 
pH, salinity, turbidity, depth) comes from 
long-term continuous water quality monitor-
ing efforts (i.e., data recorded by automated 
data collectors every 15 to 30 minutes). South 
Slough National Estuarine Research Reserve 
(SSNERR) staff began continuous monitoring 
efforts in 1995 and now have five water quali-
ty data collection stations in the South Slough 
estuary (SWMP 2014). 

Data from these stations have been analyzed 
previously (O’Higgins and Rumrill 2007; Cornu 
et al. 2012) and are reported here with the 
benefit of additional analyses of the most 
recent data. 

In the fall 2013, SSNERR staff installed four 
additional continuous monitoring stations in 
the Coos estuary. Data from these new sta-
tions are also summarized for this inventory 
(SSNERR 2014). 

The Confederated Tribes of Coos, Lower 
Umpqua and Siuslaw Indians (CTCLUSI) began 
almost identical continuous water quality 
monitoring in the lower Coos estuary in 2006. 
Their data are collected in annual reports 
which have been summarized in the Physical 
Factors section (CTCLUSI 2007, 2008, 2009, 
2010, 2011, 2012, 2013). 

In addition, the National Oceanic and Atmo-
spheric Administration (NOAA) operates a 
meteorological and oceanographic station at 
the mouth of South Slough, which has been 
collecting water temperature data since 1993 
(NOAA 2014). Hourly raw data were down-
loaded from NOAA and analyzed.

Short-term continuous data can also inform 
our understanding of water quality. Data used 
in this report include the following: 

• A regional eelgrass study that collected 
water temperature data every hour from 
summer 1998 to fall 2001 at four sites in 
the Coos estuary (Thom et al. 2003); and 

• Stream water quality data from summer 
2011 monitoring at 15 sites in the South 
Slough watershed described in Cornu et 
al. (2012).

The description of the status of stream water 
quality was additionally informed by several 
short-term data collection efforts in the Coos 
River subsystem by ODEQ (ODEQ 2006b, 
2006d, 2007a, 2009b).
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Several datasets from long-term monitoring 
“grab” efforts (i.e., single, manually collected 
samples) were analyzed, including: 

• Monthly sampling of salinity and tem-
perature data taken by Oregon Depart-
ment of Agriculture (ODA) as part of their 
ongoing fecal coliform sampling program 
(ODA 2011); and

• Daily data collection from 1966-1997 near 
the mouth of the Coos estuary collected 
for the Shore Station Program, a collab-
oration between the University of San 
Diego and various institutions across the 
Pacific Northwest, including the Oregon 
Institute of Marine Biology (OIMB) in 
Charleston, Oregon (Shore Stations Pro-
gram 1997).

The remaining data discussed in this report 
come from studies which used data collected 
during very short-term data collector de-
ployments or grab sampling, including the 
following: CoosWA 2002, 2006, 2008; Hayslip 
et al. 2006; Lee II and Brown 2009; Shanks et 
al. 2011; Sigmon et al. 2006; and Weybright 
2011, along with the following unpublished 
sources: 1) Quality-checked data collected 
by ODEQ for various projects downloaded 
from their Laboratory Analytical Storage and 
Retrieval (LASAR) database and reviewed for 
this summary (ODEQ 2005b, 2005c, 2006a, 
2006b, 2006c, 2007a, 2007c, 2009c); 2) 
Oregon Department of Fish and Wildlife’s 
(ODFW’s) annual fish monitoring seine pro-
gram (ODFW 2013); and 3) A joint study from 
Marshfield High School and Oregon State 
University (Coastnet 1999).

Nutrients: The nutrient summary is partially 
based on an ODEQ report that assessed water 
quality in the Coos estuary and other Oregon 
estuaries (Sigmon et al. 2006). In addition, 
raw data collected during later years of the 
same project were analyzed in this section 
(ODEQ 1999, 2001a, 2004, 2005a, 2006a).

Several raw datasets were analyzed and sum-
marized for this inventory including monthly 
quality-checked nutrient sampling in the 
South Slough (SWMP 2012) and data from 
several ODEQ projects (ODEQ 2006d, 2007c, 
2009c).

Annual reports from CTCLUSI provided 
information on two sites in the lower Coos 
estuary, and information on a single site in 
the upper estuary (CTCLUSI 2007, 2008, 2009, 
2010, 2011, 2012, 2013). 

Stream nutrients information was provided 
by a “State of the Watersheds” assessment 
of the South Slough watershed (Cornu et al. 
2012).

Bacteria: The bacteria summary is based on 
several data sources including several ODEQ 
studies (ODEQ 2005a, 2007b). 

ODA’s monthly fecal coliform data from shell-
fish growing areas were analyzed and summa-
rized for this inventory (ODA 2014). 

Similarly, data from SSNERR’s System-Wide 
Monitoring Program (SWMP) provided 
monthly E. coli and total coliforms bacteria 
information (SSNERR 2013). 
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Other reports on estuarine bacteria included 
here are: Souder 2003 and annual reports by 
CTCLUSI (CTCLUSI 2007, 2008, 2009, 2010, 
2011, 2012, 2013). 

Stream bacteria data in South Slough were 
also derived from Cornu et al. 2012. 

Other Pollutants: Only relatively sparse data 
sets describing dissolved metal concentra-
tions are available for the Pony Slough, Coos 
River, and Isthmus Slough subsystems (ODEQ 
1995, 1998, 2002, 2006a, 2006c, 2006d, 
2007c, 2007d, 2009a, 2009b; Water Board 
2012). 

More robust dissolved metal concentration 
data are available for South Slough from 
ODEQ’s groundwater well monitoring pro-
gram at the former site of Coos County’s Joe 
Ney Landfill. The most recent data come from 
2012. 

ODEQ has monitored total organic carbon 
(TOC) in the South Slough, Isthmus Slough, 
and Coos River subsystems (ODEQ 2001b, 
2007d, 2009a, 2009b) on a “sporadic” basis; 
the most recent data were collected in 2009. 

Additionally, the Coos Bay/North Bend Water 
board monitored TOC from 2010-2012 in 
Pony Slough (Pony Creek and Merritt Lake) 
and Lower Bay (North Spit) subsystems as 
part of their drinking water program (Water 
Board 2012). 

Data for assessing dissolved herbicides, 
pesticides, and other persistent organic 
pollutants (POPs) are sparse. The Coos Bay/
North Bend Water board monitors for eight 

POPs at Merritt Lake, all of which are interna-
tionally recognized for their high potential for 
environmental damage (Water Board 2012; 
Stockholm Convention 2008). 

Data Gaps and Limitations

Physical Factors: Continuous water quality 
monitoring (automated data collection on a 
regular interval [e.g., 15 minutes]) provides 
the best characterization of physical water 
quality parameters. These continuously 
recorded data are most complete in the 
South Slough estuary and the lower bay. New 
stations recently installed in the upper bay 
by the Coquille Indian Tribe and SSNERR at 
McCullough Bridge, Isthmus Slough, Catching 
Slough and Coos River will provide a more 
complete picture of those parts of the Coos 
estuary in years to come. 

Water temperature data from NOAA’s Tides 
and Currents site in Charleston are raw data 
and have not been subjected to quality con-
trol or quality assurance procedures. NOAA 
states that these data “do not meet the cri-
teria and standards of official National Ocean 
Service data. They are released for limited 
public use as preliminary data to be used only 
with appropriate caution”.

Data from the Shore Stations Program were 
checked for key entry errors only and not 
analyzed for overall quality. We analyzed and 
reported on these data as-is.

Aside from the long-term monitoring efforts 
described above, most of the physical factors 
data used in this inventory come from short-
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term studies. Short term studies provide 
only a snapshot of water quality. Because 
most physical factors (e.g., turbidity) fluctu-
ate widely relative to external factors (e.g., 
precipitation events), results vary drastically 
depending on when a sample was taken. 
The “snapshot” quality of these short-term 
data sets can sometimes limit our overall 
sense of the status of water quality in the 
Coos estuary. However, some short term data 
collection is still important because it can 
provide information about parameters under 
the most relevant conditions. For example, 
ODEQ’s storm-related bacteria monitoring is 
collected during periods of high runoff and 
turbidity; the Coos Watershed Association’s 
(CoosWA’s) summertime-only monitoring 
is collected during the warmest months for 
stream temperature.

Subsystems lacking permanent water qual-
ity monitoring stations (e.g., North Slough; 
Pony Slough) have very little comprehensive 
information available to assess the status of 
physical water quality.

Nutrients: Much of the data used for this 
summary (e.g., ODEQ 1999, 2001a, 2004, 
2005a, 2006a, 2006d, 2007c, 2009c) came 
from limited duration studies that sampled 
only during the dry season. For some parts of 
the estuary, our understanding of nitrogen, 
phosphorus and chlorophyll a levels during 
the wet season is therefore largely incom-
plete. 

For several subsystems there exists little or no 
nutrients information (e.g., North Slough). 

Stream nutrient data included three sites in 
South Slough’s upper watershed. All other 
subsystems are lacking in any stream (fresh-
water) nutrient information.

Silica data provided by ODEQ were frequently 
limited by the sensitivity of laboratory analy-
sis techniques. Therefore, many of the silica 
data are listed as “below levels of detection” 
and provide little quantitative information.

Bacteria: There were limited data available to 
assess the Coos River, North Slough and Pony 
Slough subsystems.

Data sets were inconsistent based on sam-
pling frequencies ranging from monthly to 
three times per year. Seasonal trends (e.g., 
wet vs. dry seasons) can be established for 
data sets with monthly sampling frequencies. 
However, there are limitations even with 
monthly sampling because many estuarine 
environmental water quality variables that 
influence bacteria are driven by tidal forces or 
precipitation events and can change multiple 
times in a day. 

In addition, one state of Oregon standard for 
E. coli requires at least five samples over a 
30 day period, which we were unable to fully 
assess in this report due to lack of data.

Other Pollutants: Large information gaps 
make it difficult to fully assess the status of 
dissolved pollutants in the Coos system. In-
formation is only available in five of the nine 
subsystems. Available data are often collected 
at irregular intervals for a limited duration. 
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Additionally, the most recent dissolved pollut-
ants data are from 2012. 

The sensitivity of instruments used to col-
lect and analyze the samples also presents 
a challenge. In many cases data values were 
below detectable limits, and United States 
Environmental Protection Agency (USEPA) 
water quality standards are close to many of 
these limits. To estimate the mean concentra-
tion of dissolved metals in the study area, we 
assumed “undetectable” observations were 
equal to the average of zero and the limit of 
detection. For example, an entry of “< 1.0 
µg/L” was assigned the average value of 0.5 
µg/L. If the true values of the undetectable 
observations differ from assumed values, 
then the true mean will differ from the esti-
mated mean. 

Evaluating the status of dissolved pollutants 
in the study area is further complicated by 
the uncertainty involved in applying appro-
priate water quality guidelines. Water qual-
ity standards for dissolved metals are often 
a function of site-specific parameters. For 
example, water “hardness,” a measure of wa-
ter’s mineral content, may affect both acute 
and chronic criteria guidelines. In many cases, 
nationally recommended parameters that 
“can be effectively implemented on a broader 
level across any waters with roughly the same 
physical and chemical characteristics” have 
been adopted in order to facilitate analyses 
(USEPA 1993). 

Exposure to dissolved metals adversely affects 
both aquatic life and human health. However, 

the exact effect of these toxins on aquatic life 
varies widely by species and environmental 
conditions (USEPA 1980). For example, USEPA 
explains that the toxicity of copper to aquatic 
life varies according to the species-specific 
biochemical receptors responding only to that 
metal (USEPA 2007). 

They also note that copper toxicity is critically 
dependent on the characteristics of the water 
in which it is dissolved (e.g., temperature, dis-
solved organic compounds, pH, etc.). Due to 
the complexity of the physiological response 
to toxins in aquatic life, the Other Pollutants 
data summary focuses on the human health 
aspects of dissolved metals. 

The mobility and availability of pollutants 
in estuaries are influenced by many factors, 
including chemical, geological and physical 
processes (oxidation, precipitation, sedimen-
tation, tidal inundation, etc.)(Carroll et al. 
2002, Bauer and Bianchi 2011, Williams et al. 
1994). In addition to natural processes, pol-
lutant cycling is affected by human land use 
activities, which can further complicate an 
already complex process (Bauer and Bianchi 
2011). Because dissolved pollutants in the 
water column interact with sediment depos-
its on the estuary bottom, we suggest also 
examining the Contaminants data summary 
in “Chapter 10: Sediment in the Coos Estuary 
and the Lower Coos Watershed”. Interpreting 
both together offers a more comprehensive 
indicator of the overall status of pollutants in 
the Coos estuary. 
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Pacific storm

How the Local Effects of 
Climate Change Could Affect 
Water Quality in the Coos Estuary 
and Lower Coos Watershed
Several climate-related changes expected on the Oregon coast could 
affect water quality in the Coos estuary and lower Coos watershed:

 � Sea level rise will likely shift estuarine plant 
and animal communities as tidal inundation 
and salinity regimes change over time.

 � More severe winter storm events may cause 
increased bank erosion in exposed sections 
of the bay, increasing turbidity and land-
derived bacteria and nutrient inputs.

 � Should decreases in summertime 
precipitation occur, the reduced availability 
of freshwater could result in seasonal 
increases in stream water temperatures 
and turbidity, localized increases in salinity 
in tidal areas, and decreases in dissolved 
oxygen concentrations.

The local effects of climate change will likely: 
1) affect winter storm patterns and associated 
delivery of freshwater inputs to the Coos es-
tuary; 2) result in sea level rise and associated 
tidal inundation regimes (already well under 
way); 3) change ocean and estuarine water 

chemistry; and 4) affect coastal upwelling; all 
of which have potential to alter water quality, 
which in turn will alter the ecosystem services 
provided by estuaries. However, distinguish-
ing the effects of climate change on water 
quality variables versus those of human-gen-

Low flow on 
the West Fork 
Millicoma 
River



9-12 Water Quality in the Coos Estuary and the Lower Coos Watershed

erated change is difficult. Possible effects 
specifically derived from climate change are 
described below.

Change in Hydrologic Conditions

Climate-related hydrologic changes (i.e., 
changes to water movement, such as river 
flow, ocean inundation, estuary flushing, etc.) 
will likely be the most significant cause of 
variations in water quality. 

The timing and quantity of freshwater contri-
butions to estuaries from coastal creeks and 
rivers will change depending on climate-re-
lated changes to precipitation patterns. For 
example, climate modeling of a maritime 
watershed in British Columbia, where spring/
summer precipitation is expected to decrease 
while fall/winter precipitation is expected 
to become increasingly intense, floods will 
become more common in fall/winter while 
droughts would become more prolonged 
during spring/summer (Loukas et al. 2002). In 
fact, summertime drought conditions could 
be further exacerbated in estuaries where 
water managers divert more water to reser-
voirs in response to dryer conditions (Scavia 
et al. 2002).

While no strong evidence yet exists to suggest 
significant future changes in Oregon coastal 
precipitation patterns (Sharp 2012), some 
scientists are suggesting communities prepare 
for an increase in the frequency of high inten-
sity winter storms and longer summertime 
drought conditions (OCCRI 2010, OSU 2005) 
which could result in the following: 

 � Lower summer flows could add to de-
creased dissolved oxygen levels and 
increased temperatures, especially in the 
upper reaches of the estuary (see Increas-
ing Hypoxia Events and Increasing Tem-
peratures below).

 � Heavier winter storm flows could increase 
the frequency of large scale slope failures 
in coastal watersheds, resulting in high 
turbidity levels. According to Whitehead 
et al. (2009), the increased frequency and 

 

Changes in Precipitation Timing, 

Frequency and Intensity 

In the future, precipitation in coastal 

Oregon is expected to remain a 

predominately wintertime phenomenon 

(i.e., most precipitation will continue to 

occur in the winter). However, the extent 

to which precipitation timing, frequency 

and intensity on the Oregon coast may 

change in the future remains uncertain. 

There is evidence that high-intensity 

storms are becoming more frequent, and 

that the frequency of weak to moderate-

strength storms is declining. 

Sources: Sharp 2012; OCCRI 2010; OSU 

2005
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intensity of coastal storms could also lead 
to the re-mobilization of heavy metals 
and contaminants from the sediment to 
the water column. 

 � Higher seasonal flood waters could 
heighten terrestrially-derived bacteria 
and nitrogen inputs, which, combined 
with expected decrease of spring/sum-
mer flushing, may create conditions for 
the development of hypoxic (low dis-
solved oxygen) zones in estuarine water-
ways (Scavia et al. 2002). 

 � Increased winter flows and reduced 
summer flows will affect the estuarine 
salinity regime. According to the 2010 Or-
egon Climate Change Research Institute 
(OCCRI) report, dry season salinity can 
be expected to increase over time, which 
will likely change estuarine plant and 
animal communities, and possibly create 
openings for the establishment of new or 
spread of existing invasive species.

Precipitation shifts are also expected to: 1) 
increase storm-driven hydrologic exchange 
(flushing) in estuarine and coastal waterways 
during the rainy season; and 2) decrease 
summertime flushing (Moore et al. 1997 as 
cited in Scavia et al. 2002). Decreased flushing 
can cause a buildup of nutrient-laden wa-
ters, which in turn will allow phytoplankton 
blooms to occur, possibly leaving the estuary 
more susceptible to eutrophication in the 
future (Scavia et al. 2002).

 

Uncertainty in Predicting Local Effects of 

Climate Change

There is inherent uncertainty in predicting 

what the local effects of climate change are 

likely to be. The uncertainties generally fall 

into three categories: 1) Natural variability 

of the earth’s climate; 2) Climate sensitivity 

(how the earth’s climate system responds to 

increases in future greenhouse gas levels); 

and 3) Future greenhouse gas emissions. 

To manage for these uncertainties, climate 

scientists use multiple models (“multi-model 

ensembles”) that incorporate the estimated 

range of possible natural variability, 

climate sensitivity, and future greenhouse 

gas emission values when investigating 

climate-related change. The models typically 

generate a range of values for potential 

future air temperatures, ocean surface 

temperatures, sea level rise, etc., which 

naturally become increasingly variable the 

longer into the future the model predicts. 

This approach gives communities a range 

of projections to consider when developing 

climate change vulnerability assessments 

and adaptation plans.

Sources: Sharp 2012; Hawkins and Sutton 

2009
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Ocean Acidification

Increasing ocean acidity is expected to have 
major consequences for aquatic life such as 
plankton and mollusks (e.g., clams, oysters) 
that incorporate calcium carbonate into their 
shells (OCCRI 2010). These life forms are 
particularly sensitive to low pH waters which 
thin their shells by dissolving the calcium 
carbonate.

The effects of acidification in the Coos es-
tuary are still being investigated. Estuarine 
carbonate chemistry is more complicated 
than ocean acidification due to watershed 
influences, aquatic respiration, and primary 
production from submerged aquatic vegeta-
tion (e.g., eelgrass). Researchers at the South 
Slough National Estuarine Research Reserve 
(SSNERR) recorded pH levels actually climbing 
(become less acidic) in South Slough waters 
but determined it was a relative short du-
ration trend and possibly part of the larger 
pH variability in the estuary. This long-term 
monitoring and research is actively improving 
our community’s ability to understand trends 
in Coos estuary pH levels.

Increasing Temperatures 

Overall, Oregon estuaries are predicted to 
experience an increase in water temperature 
consistent with warming ocean waters (OCCRI 
2010). According to the OCCRI report (2010), 
the influence of increasing ocean tempera-
tures may be compounded by decreased 
freshwater flow in summer should sum-
mertime drought conditions become more 
frequent on the Oregon coast. Those same 

 

Ocean Acidification

Since the late 18th century, the worldwide 

average ocean surface pH levels have 

decreased by about 0.1 pH units, a 

decrease of pH from about 8.2 before the 

industrial revolution to about 8.1 today. A 

0.1 change in pH is significant because it 

represents about a 30 percent increase in 

ocean acidity (the pH scale is logarithmic, 

meaning that for every one point change 

in pH, the actual concentration changes by 

a factor of ten). Scientists estimate that by 

2100 ocean waters could be nearly 150% 

more acidic than they are now, resulting 

in ocean acidity not experienced on 

earth in 20 million years. The best Pacific 

Northwest ocean acidification data we 

have so far are from the Puget Sound area, 

where pH has decreased about as much 

as the worldwide average (a decrease 

ranging from 0.05 to 0.15 units).

Sources: Feely et al. 2010, NOAA PMEL 

Carbon Program 2013
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drought conditions (low stream flows, elevat-
ed air temperatures) will likely exacerbate the 
poor water quality in Coos estuary tributary 
streams already approaching or exceeding 
state water temperature standards. 

Increasing Hypoxia Events

Hypoxia is commonly defined as dissolved ox-
ygen (DO) levels less than 2.0 mg/L, although 
stress to organisms begins before reaching 
that benchmark (USEPA 2000). 

Decreases in DO are common during warm 
summer conditions in the relatively shallow 
Coos estuary and frequently drop below Or-
egon Department of Environmental Quality’s 
(ODEQ) DO standards. According to the OCCRI 
report (2010), DO levels could further de-
crease with higher water temperatures (warm 
waters hold less oxygen than cool waters) and 
other hydrologic changes (e.g., decreased 
estuary flushing). 

Further, increased advection of low-oxygen 
ocean water into the lower portions of the es-
tuary during periods of intense summertime 
upwelling could potentially lower dissolved 
oxygen levels in the estuary (OCCRI 2010). 
Especially hazardous are occurrences of se-
vere ocean hypoxia (<0.7 mg/L)(PISCO 2008) 
which have been observed in recent years off 
the Oregon coast. Chan et al. (2008) found no 
evidence of nearshore severe hypoxia prior to 
2000, but severe hypoxia events have become 
relatively common in Oregon’s nearshore 
ocean since 2006. Severe hypoxia was seen in 
August, 2014 along the 15 m ocean bottom 

 

Increasing Ocean Temperatures 

Worldwide, ocean temperatures rose at 

an average rate of 0.07° C (0.13° F) per 

decade between 1901 and 2012. Since 

1880, when reliable ocean temperature 

observations first began, there have been 

no periods with higher ocean temperatures 

than those during the period from 1982 – 

2012. The periods between 1910 and 1940 

(after a cooling period between 1880 and 

1910), and 1970 and the present are the 

times within which ocean temperatures 

have mainly increased.

Describing how the worldwide trend 

translates to trends off the Oregon coast 

is a complicated matter. Sea surface 

temperatures are highly variable due to 

coastal upwelling processes and other 

climatic events that occur in irregular 

cycles (e.g., El Niño events). We do have 27 

years (1967-1994) of water temperature 

data collected from near the mouth of 

the Coos estuary that indicate through 

preliminary analyses a very weak trend 

towards warming water temperatures. 

Fifteen years (1995-2010) of data from 

multiple stations further up the South 

Slough estuary show very little water 

temperature change. 

Sources: USEPA 2013, SSNERR 2013, Cornu 

et al. 2012
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contour line and deeper (F. Chan and J. Barth 
pers. com. August 20, 2014).

Sea Level Rise

Rising sea levels will be an important factor 
affecting estuarine functions. According to 
the OCCRI report (2010), estuarine salinity is 
expected to increase due to increased sea-
water intrusion from rising sea levels; the 
location along the estuarine salinity gradient 
will be a key factor in determining levels of 
oceanic water intrusion for individual sites. 
Even small salinity increases are expected to 
shift the spatial distribution of estuarine plant 
and animal communities, affecting dominant 
tidal marsh plant communities (Callaway et al. 
2007). 

OCCRI (2010) further reports that rising sea 
levels will be compounded by strong El Niño 
events, resulting in increased flooding and 
bank erosion, which in turn will cause an 
increase in water turbidity. For example, in 
Yaquina Bay, monthly mean water levels in 
the winter months (November-March) were 
on average 30 cm higher during strong El 
Niño years, causing increased erosion and 
turbidity.

Change in Oceanographic Conditions

Based on the upwelling index at our latitude 
in the northeastern Pacific, upwelling-induc-
ing winds are expected to increase in inten-
sity and generate stronger upwelling events 
(Bakun 1990). The OCCRI report (2010) also 
predicts intensification of coastal upwelling 
which is expected to affect nutrient inputs to 
Oregon’s estuaries.

In the Coos estuary, tidally driven inundation 
during strong upwelling coupled with sea 
level rise would allow phosphate-rich oce-
anic water to intrude further into estuarine 
environments, and would especially increase 
summertime nutrient inputs. 

Likewise, cold waters with low DO levels 
may also intrude farther up the Coos estu-
ary during strong summertime upwelling 
events . Brown and Power (2011) found that 
cold flood tide waters near the mouth of the 
Yaquina estuary contained severely low dis-
solved oxygen levels (minimum value of 0.4 
mg/L) during summer upwelling events.

 

Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, the National Research Council 

(NRC), predicted SLR rates as high as +23 

cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site to 

the Coos estuary). 

Sources: NOAA Tides and Currents 2013, 

NRC 2012
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Findings from the OCCRI report (2010) 
indicate the intensification of North Pacific 
storms will bring increased wave heights to 
Oregon’s outer coast beaches and lower estu-
arine shorelines. Larger waves propagating up 
the estuary to exposed shorelines would likely 
cause increased erosion leading to higher 
turbidity levels for lower estuarine waters.
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Local Effects of Changing Ocean 

Conditions: 

Physical conditions in an estuary are 

sensitive to changes in long-term 

oceanographic fluctuations. O’Higgins 
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index by monitoring South Slough water 

quality from 2000 to 2006. Their data 

show a positive and statistically significant 

relationship between temperature 

and the PDO index but a negative and 

statistically significant relationship 

between dissolved oxygen and the PDO 

index. This suggests that local estuaries 

are both anomalously warm and less 

oxygenated during the warmer (positive) 

phases of the PDO. Similarly, Hamilton 

has studied the relationship between 

the physical conditions of local waters 

and El Niño Southern Oscillation (ENSO) 

events between 2004 and 2010. Her data 

demonstrate a positive and statistically 

significant relationship between 

temperature and a multivariate ENSO 

index at stations in Charleston, South 

Slough’s Valino Island, and South Slough’s 

Winchester Creek.

Sources: O’Higgins and Rumrill 2007, 

Hamilton 2011



9-18 Water Quality in the Coos Estuary and the Lower Coos Watershed

Feely, R.A., S. R. Alin, J. Newton, C. L. Sabine, 
M. Warner, A. Devol, C. Krembs, and C. Maloy. 
2010. The combined effects of ocean acidi-
fication, mixing, and respiration on pH and 
carbonate saturation in an urbanized estuary. 
Estuarine, Coastal and Shelf Science. 88 (4): 
442-449.

Hamilton, J. 2011. SWMP Bio-monitoring: Fi-
nal Report (2004-2010). South Slough Nation-
al Estuarine Research Reserve. Charleston, 
OR.

Hawkins, E. and R. Sutton. 2009. The poten-
tial to narrow uncertainty in regional climate 
predictions, Bulletin of the American Me-
teorological Society (BAMS) 90, 1095-1107, 
doi:10.1175/2009BAMS2607.1 

Loukas, A., V. Lampros, and N.R. Dalezios. 
2002. Potential Climate Change Impacts on 
Flood Producing Mechanisms in Southern 
British Columbia, Canada Using the CGCMA1 
Simulation Results. Journal of Hydrology. 
259:163-188.

Moore, M. V., M. L. Pace, J. R. Mather, P. S. 
Murdoch, R. W. Hogwarth, C. L. Folt, C. Y. 
Chen, H. F. Hemond, P. A. Flebbe, and C. T. 
Driscoll. 1997. Potential effects of climate 
change on freshwater ecosystems of the New 
England/mid-Atlantic region. Hydrological 
Processes 11:925-947. 

National Oceanic and Atmospheric Adminis-
tration (NOAA) Pacific Marine Environmental 
Laboratory (PMEL) Carbon Program. 2013. 
What is Ocean Acidification? Retrieved 
from: http://www.pmel.noaa.gov/co2/story/
What+is+Ocean+Acidification%3F

NOAA Tides and Currents. 2013. Mean Sea 
Level Trend 9432780 Charleston, Oregon. Ac-
cessed 22 June 2015. Retrieved from: http://
tidesandcurrents.noaa.gov/sltrends/sltrends_
station.shtml?stnid=9432780

National Research Council (NRC). 2012. 
Sea-Level Rise for the Coasts of California, 
Oregon, and Washington: Past, Present, and 
Future. The National Academies Press, Wash-
ington, DC. 201 pp.

O’Higgins, T. and S. S. Rumrill. 2007. Tidal and 
Watershed Forcing of Nutrients and Dissolved 
Oxygen Stress Within Four Pacific Coast Estu-
aries: Analysis of Time-Series Data Collected 
by the National Estuarine Research Reserve 
System-Wide Monitoring Program (2000-
2006) Within Padilla Bay (WA), South Slough 
(OR), Elkhorn Slough (CA), and the Tijuana 
River Estuary (CA). Final Report Submitted to 
the NOAA/University of New Hampshire Co-
operative Institute for Coastal and Estuarine 
Environmental Technology (CICEET). 

Oregon Climate Change Research Institute 
(OCCRI). 2010. “Chapter 6. Impacts of Climate 
Change on Oregon’s Coasts and Estuaries”, 
in Oregon Climate Assessment Report. K.D. 
Dello and P.W. Mote (eds). College of Ocean-
ic and Atmospheric Sciences, Oregon State 
University, Corvallis, OR.

Oregon State University (OSU). 2005. Scientif-
ic Consensus Statement on the Likely Impacts 
of Climate Change on the Pacific Northwest. 
Unpublished report no. 2004-3. Corvallis OR. 
Retrieved from: http://ir.library.oregonstate.
edu/jspui/handle/1957/113

Partnership for Interdisciplinary Studies of 
Coastal Oceans (PISCO). 2008. Hypoxia off 
the Pacific Northwest Coast. Retrieved from 
http://www.piscoweb.org/files/hypoxia_gen-
eral%20low-res.pdf

Scavia, D., J. C. Field, D. F. Boesch, R. W. Bud-
demeier, V. Burkett, D. R. Cayan, M. Fogarty, 
et al. 2002. Climate Change Impacts on U.S. 
Coastal and Marine Ecosystems. Estuaries. 25 
(2): 149-164.



9-19Water Quality in the Coos Estuary and the Lower Coos Watershed

Sharp, D. 2012. Climate Change and the Low-
er Coquille Watershed. Unpublished report. 
Oregon Climate Change Research Institute/
EcoAdapt. Retrieved from: http://ecoadapt.
org/data/documents/CoquilleClimate_02n-
ov2012_FINAL.pdf

South Slough National Estuarine Research Re-
serve (SSNERR). 2013. Unpublished raw data. 
System-Wide Monitoring Program (SWMP). 
Retrieved from: http://cdmo.baruch.sc.edu/

United States Environmental Protection 
Agency (USEPA). 2000. Ambient Aquatic Life 
Water Quality Criteria for Dissolved Oxygen 
(Saltwater): Cape Cod to Cape Hatteras. Office 
of Water, Washington, D.C. 55 p.

United States Environmental Protection Agen-
cy (USEPA). 2013. Climate change indicators 
in the United States. Retrieved from: http://
www.epa.gov/climatechange/science/indica-
tors/oceans/sea-surface-temp.html 

Whitehead, P. G., R. L. Wilby, R. W. Battarbee, 
M. Kernan, and A. J. Wade. 2009. A review of 
the Potential Impacts of Climate Change on 
Surface Water Quality”. Hydrological Sciences 
Journal. 54 (1): 101-123.





9-21Water Quality in the Coos Estuary and the Lower Coos Watershed

Water Quality in the Coos 
Estuary and Lower Coos 
Watershed: Physical Factors

Subsystems: SS = South Slough; LB = Lower Bay; 
PS = Pony Slough; NS = North Slough; HI = Haynes 
Inlet; UB = Upper Bay; IS = Isthmus Slough; 
CS = Catching Slough; CR = Coos River

Summary: 
 � Dissolved Oxygen: Dry season dissolved 

oxygen levels often drop into unhealthy 
levels in upper regions of the estuary.

 � Temperature: Summertime water tem-
peratures frequently exceed state criteria 
for healthy waters in most sectors of the 
project area. 

 � pH: In general, the waters of the Coos 
estuary and contributing tributaries have 
healthy pH levels.

 � Turbidity: Compared to oth-
er Oregon estuaries, turbidi-
ty levels in the Coos estuary 
are high. Turbidity levels 
often peak above healthy 
levels after heavy wintertime 
precipitation events.
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What’s happening?

Physical water properties such as dissolved 
oxygen (DO), temperature, salinity, pH and 
turbidity affect the chemistry, solubility, and 
availability of nutrients and contaminants in 
water. These parameters change in relation to 
each other and in response to environmental 
variables (e.g., precipitation or tidal cycle). 

The following summary describes the results 
of multiple monitoring and research efforts 
focused on Coos estuary habitats. We first 
describe conditions in the Coos estuary in 
general, then focus on specific subsystems 
organized into three groups: 1) South Slough/
Lower Bay; 2) Upper Bay/Pony Slough/North 
Slough/Haynes Inlet; and 3) Isthmus Slough/
Catching Slough/Coos River. 

Sites listed as impaired under the Clean Water 
Act are discussed along with Oregon Depart-
ment of Environmental Quality’s (ODEQ’s) cri-
teria for maintaining water quality conditions 
suitable for aquatic life (Table 1).

Table 1. Physical water quality parameters commonly measured and the standards set for each to indicate unhealthy waters.

Estuary Wide

Coos estuary water quality data have been 
collected by various researchers in the follow-
ing studies. Additional studies will be refer-
enced in subsequent sections. 

CEMAP: Water quality in the Coos estuary 
was assessed by the U.S. Environmental 
Protection Agency’s (USEPA) Coastal Environ-
mental Monitoring and Assessment Program 
(CEMAP), initiated in 1999 and continued 
until 2007 by ODEQ (Hayslip et al. 2006; 
Sigmon et al. 2006). This study provided raw 
“grab sample” data for DO, temperature, pH, 
and salinity collected over several days during 
July, August, or September each year (ODEQ 
1999, 2001, 2004, 2005a, 2006a). The aver-
ages of multiple samples at each station are 
used in this report. 

SWMP: South Slough National Estuarine 
Research Reserve (SSNERR) has a network of 
System-Wide Monitoring Program (SWMP) 
long-term water quality monitoring stations 
located in South Slough. In 2013, SSNERR add-
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Figure 1. Location of continuous water quality monitoring 
stations run by CTCLUSI and SSNERR. Project area subsystems 
are delineated and labeled in blue. Labeled symbols refer to 
site names within this report.

Figure 2. Location of ODEQ, ODA, Brown and Folger and 
Thom et al. study/monitoring sites. Project subsystems are 
delineated and labeled in blue. Labeled symbols refer to site 
names used in this document. Note that Cooston Channel is in 
quotes because it’s a mis-located site name used by Thom et 
al. (2003). The actual Cooston channel is located at the mouth 
of the Coos River. 

ed four new long-term water quality monitor-
ing stations to the four already in place; these 
new stations are located in the Upper Bay, 
Isthmus Slough, Catching Slough, and Coos 
River (Figure 1). All stations collect continuous 
data (every 15 minutes) describing DO, water 
temperature, salinity, pH, turbidity, and depth 
(SSNERR 2014). Daily averages of these data 
are used in this report and combined with 
similar long term water quality data collected 
at three sites operated by the Confederated 
Tribes of Coos, Lower Umpqua, and Siuslaw 
Indians (CTCLUSI)(Figure 1).

ODEQ TMDL: Researchers monitored water 
temperature at 30 minute intervals at 26 sites 
during two monitoring efforts in 2006 and 
2007 to assess total maximum daily loads 
(TMDL) for impaired waters (Figure 2)(ODEQ 
2006b, 2007a). Monthly averages of the data 
are used in this report. 

ODA Fecal Coliform: Oregon Department of 
Agriculture (ODA) monthly salinity and tem-
perature data (1999-2011) from its 33 fecal 
coliform sampling stations are included in this 
report (Figures 2 and 7)(ODA 2011). 

Brown and Folger (2009): Researchers com-
pared the Coos estuary to six other Oregon 
estuaries based on seven Coos estuary sta-
tions where DO, salinity, and total suspended 
solids (TSS) were measured at 15 minute 
intervals, June-August 2005 (Figure 2). 

Thom et al. (2003): Researchers in this eel-
grass study collected water temperature data 
every hour from summer 1998 to fall 2001 at 
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two sites in the Lower Bay and one site each 
in the Upper Bay and South Slough (Figure 2). 

Further, temperature data were sporadical-
ly collected during Oregon Department of 
Fish and Wildlife’s (ODFW) long-term seining 
program (ODFW 2013). Not all sites were 
sampled on every trip or in every year, thus 
only a single sample was taken at many sites. 
Averages of summer (May-October) data 
were used at sites with more than single 
samples taken. 

Finally, some turbidity data were gleaned 
from ODEQ’s storm-related bacteria monitor-
ing efforts (ODEQ 2005b, 2007b).

Results

Dissolved Oxygen

Water samples taken for ODEQ’s CEMAP 
project met the state DO standard for aquat-
ic life (>6.5 mg/L) at stations in the lower 
Coos estuary (e.g., South Slough, Lower Bay, 
Haynes Inlet subsystems) but frequently were 
below that standard further up the estuary 
(Figure 4A). The lowest DO levels were sam-
pled at a site midway along Isthmus Slough, 
with an average of 3.9 mg/L in August 2001. 
The highest average DO levels were found at 
three stations near the mouth of the Coos 
estuary and one in the Upper Bay subsystem 
(>8.0 mg/L). 

Preliminary DO data from the new SSNERR 
North Point station in the Upper Bay (blue 
line in Figure 5A) indicate generally healthy 
levels. However, this dataset spans less than 
a full year, and lacks late summer data, when 

DO is generally lowest. Isthmus Slough, 
Catching Slough and Coos River stations 
show healthy DO levels for the first winter of 
monitoring but dipped below the 6.5 mg/L 
standard in mid-June (Coos River) or mid-July 
(Catching Slough and Coos River) and re-
mained low. 

In the Brown and Folger study (2009)(Figure 
2), no dissolved oxygen measurements were 
below 5 mg/L at any of the seven stations 
sampled. 

Water Temperature 

The majority of ODEQ CEMAP stations ex-
ceeded the state temperature standard of 
<18° C (64.4° F), especially those sites furthest 
upstream (Figures 3, 4B). Samples at six sites 
showed average temperatures over 20° C (68° 

F). The highest average temperature (21.1° C 
[70° F] in September 2005) was found at the 
uppermost CEMAP site on Isthmus Slough. 

Figure 3. Juvenile salmonid stream temperature requirements
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Figure 4. Coos estuary CEMAP data: A. Dissolved oxygen, B. Temperature, C. pH, and D. Salinity. Green symbols meet water quality 
standards; red exceed standards, blue have no standards. Data: ODEQ 1999, 2001, 2004, 2005a, 2006a.

The lowest temperatures were sampled near 
the mouth of the Coos estuary, at different 
stations and various years, with 10.6° C (51.1° 

F) in 1999 being the lowest temperature 
recorded. 

Although the available data from the SSNERR 
North Point station indicate healthy tem-
peratures, they do not yet include the late 
summer months, when temperatures are 
generally warmest (Figure 5B). Temperatures 
at Isthmus Slough, Catching Slough and Coos 
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River stations all exceed state criteria begin-
ning mid-May. The highest daily average thus 
far is 23.6° C (74.5° F )(July 8, 2014) at the 
Coos River Station, which tends to have both 
the highest and lowest seasonal tempera-
tures. In contrast, the North Point station is 
the least variable with warm winter and cool 
summer temperatures. 

Figure 5. Daily averages for: A. dissolved oxygen, B. tempera-
ture, C. pH, D. salinity, and E. turbidity at four continuous 
monitoring stations in the upper Coos estuary. Turbidity 
measurements are in Formazin Nephelometric Units (FNU), 
which are equivalent to Nephelometric Turbidity Units (NTU). 
Values located in the orange shaded areas do not meet ODEQ 
or OWEB (for turbidity) standards. Data: SSNERR 2014

A.

C.

E.

B.

D.

Brown and Folger (2009) describe water tem-
perature fluctuations between 10 and 17°C 
(50-63° F) being common until mid-July, after 
which temperatures remained between 8 and 
10° C (46-50° F). 

Figure 6 shows the ODEQ Coos basin tem-
perature monitoring results. In general, 
temperatures are higher in floodplain waters 
near the estuary and lower further upstream. 
The highest maximum monthly average was 
in July 2006 at Ross Slough (22.2° C [72° F]), a 
tributary to Catching Slough, followed by two 
tributaries of Isthmus Slough, Coalbank Creek 
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(22.10 C [71.8° F]) and Noble Creek (21.4° C 
[70.5° F]) also in July 2006. Highest minimum 
monthly averages were again at Ross Slough 
(21.0° C [69.8° F]), Coalbank Creek (19.1° C 
[66.4° F]) and Noble Creek (18.3° C [64.9° 

F]) all in September of 2006. Sampling at 
these sites, along with the mouth of Willanch 
Creek, demonstrated consistently the high 
temperatures that characterize summertime 
conditions at those sites, with averages never 
below the state 18° C (64° F) standard. Two 
upper Willanch Creek sample sites and the 
Bessey Creek site had the lowest maximum 
monthly temperatures at 13.9° C (57° F) in 

July 2006, 14.5° C (58.1° F) in July 2007, and 
14.4° C (57.9° F) in July 2006 respectively. The 
lowest minimum monthly average was 11.4° C 
(52.5° F) in October 2007 at the confluence of 
Daniels and Morgan Creeks.

For year-round, median water temperatures, 
all ODA stations met ODEQ criteria for healthy 
waters (Figures 7 and 8). The highest median 
temperatures were at the Willanch Mouth 
and Clausen Dock stations, both at 17.1° C 
(62.8° F), closely followed by the Silver Point 6 
and Kentuck sites (16.9° C [62.4° F] and 16.85° 

C [62.3° F], respectively). 

Figure 6. Location and average temperatures at continuous 
water temperature monitoring sites in summer 2006 (sampled 
in 30 minute intervals June-September) and summer/early 
fall 2007 (June-October). The red color indicates at least one 
monthly average during sampling period exceeding the state 
standard of 18° C. Numbers above symbols are maximum 
monthly average temperatures at that location; numbers 
below signify minimum monthly averages. All temperatures 
are in °C. Bodies of water with sampling sites are labeled. Data: 
ODEQ 2006b, 2007a

Figure 7. Sampling stations for the ODA shellfish growing areas 
sampling stations in the Coos estuary. Project area subsystems 
are delineated and labeled in blue. Labeled symbols refer to 
site names within this report. Data: ODA 2011
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Maximum dry season temperatures exceeded 
the state standard at 21 of 33 sites. The Seng-
stacken mouth station had the highest max 
temperature (27.2° C [81° F] in June 2003)(Fig-
ure 8B). Dry season temperatures are slightly 
more variable than wet season temperatures. 
Continuous water temperatures taken by 
Thom et al. (2003) show seasonal fluctuations 
with Barview and Fossil Pt. having the lowest 
seasonal range in temperature (9-15° C [48-
59° F]) while two sites further up the estu-
ary (North Bend Airport and the misnamed 
“Cooston Channel”-see Figure 2) had much 
higher annual fluctuations (5-18° C [41-64° 

F])(Figure 2). Also, Barview and Fossil Pt. had 
smaller variability and lower summertime 
temperatures (10.0-16.7° C [50-62.1° F] and 
13.1-16.7° C [55.6-62.1° F] respectively) than 
the North Bend Airport and the misnamed 
“Cooston Channel” stations (15.4-18.6° C 
[59.7-65.5° F] and 17.0-20.1° C [62.6-68.2° F] 
respectively). 
Based on the limited data gathered by ODFW, 
the highest average summertime tempera-
ture was about 14° C (about 57° F), and none 
of the stations averaged higher than the <18° 

C (64° F) ODEQ aquatic life standard. Howev-
er, these values should be considered with 

Figure 8. Temperature box plots summarizing minimum, maximum, median and central 50% of data (yellow boxes) at: A. lower 
bay and South Slough stations in wet season (November-April), B. Lower Bay and South Slough stations in dry season (Novem-
ber-April), C. North Slough, Haynes Inlet and upper bay stations: in wet season (November-April), D. North Slough, Haynes Inlet 
and Upper Bay stations: in dry season (May-October) from 1999-2011 (dates vary by station). Shaded orange area is above ODEQ 
standards and considered unhealthy. Data: ODA 2011 

A B

DC
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Figure 9. Maps (above) and graphs (below). 
Annual summer average temperatures in 0F 
(y-axis in scatterplot graphs below). Scatterplots shown for stations where multiple years of data exist; sites with only one year are 
shown in chart format (i.e., sites D, E, F). Not all sites were measured each year (i.e., x-axis varies by site). For display purposes, 
stations that were close in proximity and not influenced by a separate body of water (e.g., a tributary) were averaged together 
and the most central station displayed on the map. Data: ODFW 2013.
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caution because many stations were sampled 
only once and lack corroborating measure-
ments (Figure 9). 

pH 

All ODEQ CEMAP stations met state standards 
for healthy pH levels (>6.5 and <8.5), with 
a combined, multi-year average of 7.6 (Fig-
ure 4C). Water with pH levels below 6.5 are 
strongly acidic, and with levels above 8.5 are 
strongly alkaline.

In addition, pH values fell within state stan-
dards at all the new Coos estuary SWMP 
stations, and on all sampling dates (Figure 
5C). North Point had the highest overall aver-
age pH (7.9), followed by Isthmus Slough (7.5 
average), Catching Slough (7.4 average) and 
Coos River (7.1 average). 

Salinity 

The Coos estuary is shallow, with an average 
depth of 2m below Mean Lower Low Water 
(MLLW), which allows for a thorough mix-
ing of fresh and saltwater most of the year. 
However, stratification can occur, particularly 
in deeper portions of the estuary (e.g., the 
dredged shipping channel) with seasonally 
high contributions of fresh water (Rumrill 
2006). The Coos is a drowned river mouth 
estuary dominated by river discharges in the 
wet season (i.e., influx of fresh water) and 
dominated by ocean water in the dry season 
(i.e., influx of salt water). Brown and Folg-
er (2009) classified the Coos estuary as the 
most marine-dominated of the seven Oregon 
estuaries they investigated (Alsea, Nestucca, 

Yaquina, Salmon River, Coos, Umpqua River 
and Tillamook), based on salinities and nor-
malized freshwater inflows.

Summertime data from the ODEQ CEMAP 
study indicate the highest salinities are 
near the mouth, and decrease upstream to 
the lowest salinity (13.3) on the Coos River 
(Figure 4D)(Note that salinity values are now 
expressed with no units.). Ocean-derived sa-
linities (roughly 35) were found as far up the 
estuary as Haynes Inlet.

Year round, salinity values were highest at 
the new SSNERR North Point station (fluctu-
ating between 30’s and low teens), followed 
by Isthmus Slough, Catching Slough, and the 
Coos River (Figure 5D). As expected, salinity 
is lowest in winter months, when precipita-
tion is heaviest, and gradually increases into 
summer months. 

Salinity data from the 33 ODA stations were 
also consistently higher in the dry season 
than the wet season (Figures 7 and 10). 
Dry season salinities were less variable and 
markedly skewed towards higher values than 
in the winter months. As expected, stations 
further from the mouth of the Coos estuary 
(e.g., “Marker 27”) have lower median salini-
ties and are more variable than sites closer to 
the ocean (e.g., “Marker 4”). 

Turbidity 

At all SSNERR stations, turbidity remains low 
most of the time, but peaks after precipita-
tion events (Figure 5E). The highest turbidity 
levels occurred at the Coos River station 
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following a two-day rain event (62.0 FNU). 
Turbidity is measured in Formazin Nephelo-
metric Units (FNU), which are equivalent to 
Nephelometric Turbidity Units (NTU). 

Some turbidity peaks are not associated with 
rain events, but are caused by biofouling 
(plant and animal growth) on the surface of 
the sensors, usually during summer months. 
Biofouling is often difficult to identify in the 
data, but for this report, single occurrences 
of anomalously high values and values above 
50 FNU in the dry season were assumed to be 
caused by biofouling (or by a creature crawl-
ing across the optical turbidity sensor) and 

were removed from our analyses. Despite this 
adjustment, high turbidity levels in the dry 
season, especially at the most heavily fouled 
station (North Point) are understood to be 
overestimates of actual conditions.
Compared with six other Oregon estuaries 
sampled by Brown and Folger (2009), the 
Coos had the highest median Total Suspended 
Solids, another measure of turbidity (13.8 
mg/L). 

Secchi depth measurements of turbidity by 
Thom et al. (2003) indicated the “Cooston 
Channel” site had the most turbid conditions 
while the Fossil Pt. site had the least.

Figure 10. Salinity box plots summarizing minimum, maximum, median and central 50% of data (yellow boxes) at A: Lower Bay and 
South Slough stations in wet season (November-April); B: Lower Bay and South Slough stations in dry season (November-April); C: 
North Slough, Haynes Inlet and Upper Bay stations in wet season (November-April); and D: North Slough, Haynes Inlet and Upper 
Bay stations in dry season (May-October) all from 1999-2011 (dates vary by station). Ocean salinity is ~35. Data: ODA 2011.
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Some turbidity data were retrieved from 
ODEQ’s storm-related bacteria monitoring 
(ODEQ 2005b, 2007b) but the collection 
locations and dates were irregular (Figure 11). 
Sampling events are triggered by predicted 
or actual precipitation levels (1.5 inches in 
24 hours or 2.5 inches in 3 days) sufficient to 
close shellfish growing areas to harvesting 
activities (per ODA regulations) during storm 

runoff conditions when watershed soils are 
saturated. ODEQ’s data indicated that turbid-
ity values were highest in January, which was 
the only month turbidity values exceeded 
ODEQ’s turbidity standard (<50 NTU) at a 
single site in the Catching Slough subsystem 
(Figure 11). High turbidity values were also 
found during ODEQ’s March sampling, espe-
cially along the extremities of the estuary. 
In January the highest turbidity values were 

Figure 11. Monthly average 
turbidity data sampled in 
four different months and 
three different years as 
part of ODEQ’s storm-re-
lated bacteria monitoring. 
Monthly averages at each 
site are shown. Not all sites 
were measured each time 
period and some sites were 
more intensely monitored 
within a single month than 
others (the number of sites 
and samples sizes varied be-
tween sites ; between 1 and 
5 samples were collected at 
each site per month). 
Data: ODEQ 2005b, 2007b
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found in the main part of the estuary. A pos-
sible explanation for this contrast is differing 
tidal levels (i.e., ocean influence) at the time 
of each sampling event but more data would 
be needed to confirm that interpretation. 
Turbidity was uniformly low throughout the 
estuary in October and in November at some 
sites in South Slough.

South Slough and Lower Bay 

Dissolved Oxygen

Although regression analyses suggest a very 
slight decline, DO concentrations appear to 
have remained relatively consistent between 
1995-2014 at four of five South Slough long 
term water quality monitoring stations 
(SWMP 2014)(Figure 12A). DO levels gener-
ally drop below ODEQ’s aquatic life standard 
(6.5 mg/L) during the dry summer months 
(Figure 12B). 

A similar, but more variable pattern, occurred 
at a fifth site, the Sengstacken station– dis-
played separately for ease of reading (Figure 
13)(the Sengstacken station was moved to a 
different location in 2012 because the original 
site drained completely during extreme low 
tides, leaving data collector’s sensors high 
and dry, unable to record water quality condi-
tions during those tides). 

For all five South Slough stations, the com-
bined 2009-2014 data revealed that median 
DO concentrations met or exceeded ODEQ’s 
standards (Figure 14). Winchester and 
Sengstacken stations have the most variabil-
ity, while the Charleston station is the least 

Figure 12. A: Daily dissolved oxygen levels at four sites in South 
Slough. The orange area defines DO concentrations below 
ODEQ’s DO standard (6.5 mg/L). The four stations have up to 
19 years of data and the color-coded dashed lines represent re-
gression trend lines for each station. The Elliot station dataset 
spanned too few years to generate a trend line. The gray area 
delineates the timeframe expanded for a more detailed display 
in graph B (below). B: Comparison of seasonal DO variation in 
recent years at the four sites. Data: SWMP 2014.

Figure 13. Daily dissolved oxygen at Sengstacken Station in the 
South Slough from 1995-2012. Orange area defines DO concen-
trations below ODEQ’s DO standard (6.5 mg/L). Blue dashed 
line is the regression trend line for the Sengstacken station 
Data: SWMP 2014. 
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variable (Figure 14). Measurements at the 
Charleston station also suggest DO is weakly 
correlated with tide level (DO arguably de-
creases with lower water depths)(Figure 15). 
Dissolved oxygen is also negatively related to 
water temperature, because cold water holds 
more dissolved oxygen than warm water 
(Figure 15).

CTCLUSI reported the average, minimum, and 
maximum DO values at their two lower bay 
stations (BLM and Empire). Average values 
at both stations are well above ODEQ’s DO 
standard during both winter and summer 

seasons, although generally higher in the win-
ter (Figure 16A). DO concentrations at both 
stations sometimes drop below the ODEQ 
standard, but CTCLUSI reports that these 
values are not encountered consistently and 
are likely anomalies attributed to seasonal 
variability or localized site conditions. 

Water Temperature

Water temperatures are more variable at the 
upper estuary SWMP stations (i.e., Sengstack-
en, Winchester, Elliot) than those at the two 
lower estuary stations closer to the ocean 
(i.e., Valino and Charleston)(Figure 17). Also, 
not surprisingly, water temperatures are 
higher during summer months (dry season) at 
all sites (Figure 17). Temperature values are 
typically below ODEQ’s standard for salmon 
rearing and migration (<18° C [64° F]) during 
the wet season, but more frequently reach or 
exceed this standard during the dry season at 
the three most upstream stations (Sengstack-
en, Winchester, and Elliot). At all stations, 
the highest 25% temperatures are above 20° 

C (68° F)(temperatures above 23° C [73° F] 
inhibit salmon rearing). 

At the South Slough SWMP stations, average 
water temperatures appear to be trending 
downward over time, but the statistical cor-
relation is weak (e.g., Valino station linear re-
gression: y = -0.0003x + 21.833, R2 = 0.0297). 

As expected, water depth and water tempera-
ture follow opposite sinusoidal (“S” wave) 
patterns, reinforcing the notion that tem-
perature has an inverse relationship with tide 
levels (Figure 15).

Figure 14. Box plot of dissolved oxygen concentrations at the 
five SWMP stations in South Slough between 2009-2014. 
Orange area defines DO concentrations below ODEQ’s DO 
standard (6.5 mg/L). Data: SWMP 2014.

Figure 15. Relationships between water depths (tide levels) and 
salinity, temperature, and dissolved oxygen at the Charleston 
SWMP station over the course of 2 consecutive spring days in 
2013. Data: SWMP 2014. 
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Seasonal averages at the two lower bay 
CTCLUSI stations are healthy (<18° C [64° F]), 
though summer maximums occasionally rise 
above that threshold (Figure 16B). For the 
2009 water year, CTCLUSI reported the max-
imum temperature measured at Empire was 
18.4° C (65.1° F), but this site only exceeded 7 
day maximum daily averages once. The BLM 
station maximum temperature was 19.4° C 
(66.9° F) and exceeded 7 day averages only 
twice. 

Five year water temperature trends (2008-13) 
for the Empire station have trended down-

ward slightly during summer months, while 
winter averages show a slightly increasing 
trend (Figure 17). Across the channel at the 
BLM station, summer water temperature 
averages are trending slightly upwards along 
with similar upward water temperature 
trends during winter months.

Likewise, long-term temperature data at the 
Shore Stations (1997) site near the mouth 
of the Coos estuary show a weak increas-
ing trend (Figure 18A). The Shore Stations 
program, a collaboration between the Oregon 
Institute of Marine Biology (OIMB) and the 

Figure 17. Box plot of dry season and wet season temperatures taken at the five SWMP stations in South Slough from 2009-2014. 
Values 18°C and higher (in orange shading above dashed line) are considered unhealthy for salmon rearing and migration by 
ODEQ. Data: SWMP 2014.

Figure 18. Monthly averages for A: temperature, and B: salinity near the mouth of the Coos estuary (1966-1997). Regression lines 
(dashed) and equations shown. Data: Shore Stations Program 1997.
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University of San Diego included the daily 
collection of water temperature and salinity 
data near the mouth of the Coos estuary for 
31 years (1966-1997)(quality checks were lim-
ited to key-entry stroke errors only; monthly 
averages were calculated and displayed for 
this data summary).

The highest temperatures at this site only ex-
ceeded 18° C (64° F) on a handful of occasions 
(not unexpected given its proximity to the 
ocean) while monthly averages were consis-
tently well below this standard.

Summer stream temperature monitoring in 
the Sough Slough, recorded as part of the 
State of the Watersheds effort (Cornu et 
al. 2012), indicate healthy temperatures at 
the majority of South Slough stream sites 
sampled in 2011 for the project (Figures 19 
and 20). The three highest 7-day average 
maximums associated with this effort were 

Figure 19. 7-day average maximum and minimum tempera-
tures (°F) at stream monitoring stations in the South Slough 
watershed during summer 2011. Legend indicates salmonid 
summer rearing habitat thermal regimes. Amended from: 
Cornu et al. 2012

Figure 20. Comparison of 7-day average maximum and minimum temperatures at stream monitoring stations (ordered north to 
south) in the South Slough watershed during summer 2011. Shaded orange area indicates temperatures exceeding ODEQ stan-
dards. Amended from: Cornu et al. 2012.
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on tributaries of Winchester Creek, with the 
most downstream segment (Winchester 9) 
having the highest 7-day maximum (23.6° 

C [74.4° F]). Additionally, this reach had the 
highest number of summer days exceeding 
18° C (64° F). Anderson, Talbot and Wasson 
Creeks also had 7-day averages that exceeded 
the state standard.

Raw data (1993-2014) from NOAA’s National 
Water Level Observation Network Station 
(Charleston, at the mouth of South Slough) 

are displayed using boxplots to minimize 
the effects of outliers with unknown causes 
(Figure 21). The results, again not surpris-
ingly, show lower water temperatures in the 
estuary during the wet season than the dry 
season. Average monthly temperatures never 
exceeded the 18° C (64° F) standard, indicat-
ing healthy year-round temperatures at that 
location.

pH

pH at South Slough SWMP stations over the 
past five years is generally well within ODEQ’s 
standard for healthy estuarine waters with 
occasional episodic dips outside this range 
(Figure 22). In the past, it has been reported 
that long-term water quality data for South 
Slough pH has been increasing (getting less 
acidic), although the trendlines were near 0 
and a weak positive relationship was indicat-
ed (opposite the decreasing trend in ocean 
pH – i.e., ocean acidification). Although an 
overall weak positive trend still exists, further 
analyses now indicate that the rise in pH shift-
ed to a decline in pH sometime around 2010 
(Figure 23).

Average pH at the two CTCLUSI lower bay 
stations range between 7.6 and 8.1 with no 
difference between winter and summer levels 
(Figure 16C). Maximum pH at these sites has 
occasionally exceeded ODEQ’s criteria for 
healthy estuary waters.

Salinity

At SWMP stations lower in the slough (Valino 
and Charleston) salinities are higher and have 

Figure 21. Boxplots showing average monthly water tempera-
ture at NOAA’s National Water Level Observation Network Sta-
tion in Charleston, OR from 1993-2014. Wet season (Novem-
ber-April) and Dry Season (May-October) values are displayed 
separately. Yellow boxes represent middle 50% of the data. 
Maximum and minimum shown in this figure include 99.3% 
of normal distribution data. Outliers outside this coverage 
are shown. National Ocean Service data used for this report 
were raw (i.e., no quality assurance checks) and were released 
as preliminary data only. Processing for this figure included 
removing values <5 oC and greater than 25 oC before analysis. 
Data: NOAA 2014.

Figure 22. Box plot of pH at the five SWMP stations in South 
Slough (2009-2014). Values between 6.5 and 8.5 are consid-
ered healthy levels by ODEQ. Data: SWMP 2014.
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shown a weak trend towards decreasing salin-
ity over time (Figure 24). As expected, the 
stations higher up the slough (Sengstacken 
and Winchester) have lower salinities due to 
proximity to freshwater inputs. These upper 
stations indicate an increasing trend over 
time. When overlaid with depth (an indicator 
of tidal stage), salinity follows a similar sinu-
soidal signal (Figure 15).

At the two CTCLUSI lower bay sites (BLM and 
Empire), average salinity tends to be higher 
in the summer (~31) and lower in the winter 
(~25)(Figure 16D). Maximum salinities reach 
ocean salinity (> 35) even in the winter but 
this area of the Coos estuary can also experi-
ence very fresh water; salinities recorded as 

Figure 23. Average daily pH levels at four stations in the South Slough estuary. At each station, values in blue indicate those values 
taken before 2010 and describe an increasing trend in pH. Values in purple indicate pH taken after 2010 and show a decrease in 
pH. Elliot station was excluded due to its relatively short-term dataset. Data: SWMP 2014.

Figure 24. Average monthly salinity at five stations in the South 
Slough estuary. Dashed lines represent linear regression trend-
lines. Elliot station trends are excluded due to the relatively 
short time span of data collection. Data: SWMP 2014.
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low as 2.2 at the BLM station in the winter of 
2011/12.

Salinity data from the Shore Stations site near 
the mouth of the bay show a weak decreas-
ing trend over 31 years (Figure 18B), like the 
decreasing trend described by the 18 year 
SWMP data. Salinity values sampled at this 
site tend to be near full ocean salinity, but 
some monthly averages were as low as 25.

Turbidity

Long-term trends in South Slough SWMP 
station turbidity show a slight increase at four 
stations, while the Winchester shows a slight 
decrease (Figure 25). High turbidity levels are 
more common in the winter (rainy) months, 
yet overall levels were generally below Ore-
gon Watershed Enhancement Board’s (OWEB) 
criteria of less than 50 NTU for healthy 

estuarine and fresh waters. Summer peaks 
are likely associated with increases in biofoul-
ing (i.e., attachment of organisms blocking 
the sensors), although no formal analysis to 
separate out fouling from natural turbidity 
has been made.
Turbidity in the lower bay generally averages 
low, even in the winter, at both CTCLUSI sta-
tions (Table 2). High summer maximums are 
again likely due to biofouling.

Upper Bay/Pony Slough/North Slough/Haynes 
Inlet

Dissolved Oxygen

Kentuck Slough is a water body in the upper 
Coos estuary which is listed as DO-limited 
under the Clean Water Act (section 303(d))
(ODEQ 2014)(Figure 26).

Figure 25. Average monthly turbidity levels at five sites in the 
South Slough estuary. Dashed color-matched lines represent 
linear regression trendlines at each station. Elliot trendlines 
are not included due to the relatively short period of data 
collection at that site. Values above 50 NTU (shaded region) are 
considered unhealthy levels in estuarine and fresh waters by 
OWEB. Data: SWMP 2014.

Table 2. Minimum, average and maximum turbidity summary 
during summer and winter at two lower bay stations. Orange 
bars indicate relative averages across dates. Data: CTCLUSI 
2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014.
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Kentuck station, monitored semi-monthly in 
2007 by CTCLUSI had minimal differences be-
tween high and low tide sampling (Figure 27). 
At no time during sampling did values drop 
below ODEQ’s criteria of 6.5 mg/L. 

Water Temperature
There are seven water bodies in this part of 
the project area that are currently 303(d) 
listed for year-round high temperatures in 
salmon rearing habitat (Figure 28).
Kentuck station, monitored by CTCLUSI 

Figure 26. Streams listed as impaired for dissolved oxygen (303 
(d) listed) under USEPA’s Clean Water Act. Red dot signifies the 
start of the stream segment that is listed. Report subsystems 
delineated and labeled in blue. Data: ODEQ 2014

Figure 27. Box plots summarizing low and high tide minimum, maximum, median and central 50% of data 
fall (yellow boxes) during 2007 water year at Kentuck station for: A. dissolved oxygen, B. temperature, 
C. salinity, D. pH, and E. turbidity.Values in orange shaded areas and bounded by orange dashed line are 
considered unhealthy by ODEQ or OWEB standards. Data: CTCLUSI 2008.
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(2008), averaged healthy temperatures during 
water year 2007. Low tide maximums exceed-
ed ODEQ’s criteria for healthy waters (Figure 
27B). 
Summertime temperature monitoring in Pony 

Creek by the Coos Watershed Association (Co-
osWA) shows maximum temperatures below 
ODEQ’s standard (18° C [64° F]) and daily tem-
perature fluctuations of 2-3° F (4-5° C) in four 
of five upstream stations (those closest to 
the reservoir dam)(Figure 29)(CoosWA 2002). 
CoosWA measured water temperature every 
30 minutes from June to September in 2001 
as part of their Pony Watershed Assessment 
(CoosWA 2002)(The CoosWA later completed 
assessments in North Slough, Haynes Inlet, 
and parts of the Upper bay (CoosWA 2006). 
The later assessments lack specific location 
information to protect private landowner in-
terests, but general conclusions about water 
quality conditions are included later in this 
data summary). 

Maximum temperatures and daily tempera-
ture fluctuations were quite a bit higher at 
downstream stations. Of all the sites, the 
North Bend High School had the highest maxi-

Figure 28. Streams listed as impaired for water temperature 
(303(d) listed) under USEPA’s Clean Water Act. Red dot signifies 
the start of the stream segment that is listed. Report subsys-
tems delineated and labeled in blue. Data: ODEQ 2014

Figure 29. Water temperature results from 2001 sampling at 8 sites on Pony Creek. A: Maximum temperatures over a 7-day mov-
ing average; B: number of hours that exceeded 64oF (18oC) over the three and a half month sampling period; C: maximum daily 
temperature fluctuations over a 7-day moving average. Symbol size/color is relative to the value within (e.g., large red dots have 
the highest values, small green dots the lowest): Data: CoosWA 2002

A B C
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mum temperatures (peaking at 75.8° F [24.3° 

C], nearly 12° F [6.3° C] higher than ODEQ’s 
standard), the most hours exceeding the 
64° F (18° C) standard (1,179 hours/over 49 
days), and the highest maximum daily tem-
perature changes (15.2° F [8.5° C]). Further 
downstream, the Virginia St. station had 
lower maximum temperatures and less daily 
fluctuation, most likely due to tidal input from 
Pony Slough.

In their lowlands assessment report, CoosWA 
summarized several summers of water tem-
perature data at seven different creeks from 
the North Slough, Haynes Inlet, and Upper 
Bay subsystems (CoosWA 2006). Of the 40 
sites sampled, maximum temperatures over a 
7-day moving average exceeded the 64° F (18° 

C) standard at all but nine sites (Table 3, Fig-
ure 30). The highest daily temperature fluctu-
ation was 16.2° F (9.0° C) on Willanch Creek. 
Days with stream temperatures exceeding the 
standard varied by site. A North Slough creek 
site exceeded the standard the most fre-
quently (102 days). Many sites exceeded 70° F 
(21.1° C) on multiple days.

Weybright (2011) collected summer stream 
temperature data at sites along Palouse Creek 
in 2009 and 2010 (Figure 31). Nearly every 
site in both years exceeded the state stan-
dard. The highest maximum weekly tempera-
tures were found at the site closest to the 
mouth (25.5° C [77.9° F] in 2009 and 23.5° 

C [74.3° F] in 2010). The site on Bear Cr. (a 
tributary to Palouse) had the lowest maxi-

Table 3. Water temperature results from water bodies sampled 
continuously over the dry season (May-Sept), including sites 
where maximum temperatures exceeded 64° F (18° C)(*over a 
7-day moving average) and maximum daily temperature fluc-
tuations. See Figure 30 map for creek locations. Data: CoosWA 
2006, 2008

Figure 30. Streams referenced in Coos Watersheds assessment 
reports. Exact site locations for water temperature measure-
ments were not included in the reports, to protect landowner 
privacy. 
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mum weekly temperature (16.3° C [61.3° F] in 
2009). 
In the Jordan Cove area, Shanks et al. (2011) 
found higher temperatures in the dry season 
than wet season at both low and high tides 
over one and a half years of sampling (Figure 
32). The lowest temperatures measured (<7° 

C [45° F]) were in December 2009 when cold 
air temperatures rapidly cooled the estuary. 
Maximum temperature observed (~17° C [63° 

F]) occurred at low tide in September of that 
same year.

pH

Grabs taken by CTCLUSI in 2007 at their 
Kentuck station indicated healthy pH levels 
(Figure 27D).

Salinity

The Kentuck site monitored in 2007 by CT-
CLUSI indicated a freshwater location, with an 
average salinity near 0 (Figure 27C). 

At the Jordan Cove study site, Shanks et al. 
(2011) reported a dramatic drop in salinity 
during the rainy season at both low and high 
tides, but especially during falling tides (Fig-
ure 32). Salinities during this period averaged 

~25 at high tide and <20 at low tide.

Turbidity

At CTCLUSI’s Kentuck station, levels were 
generally low, although peaks above OWEB’s 
criteria for healthy turbidity levels have oc-
curred (Figure 27E).

Isthmus Slough/Catching Slough/Coos River

Dissolved Oxygen

Isthmus Slough is 303(d) listed, considered an 
impaired waterway for low DO levels under 
the Clean Water Act (ODEQ 2014)(Figure 26). 
Low DO levels affect resident fish, juvenile 

Figure 31. Location and condition of nine sites on Palouse Cr. in 
2009 and 2010. Condition based on monthly water tempera-
ture average. Numbers above and below symbols denote 
maximum 7-day moving average values from 2009 and 2010 
respectively. All temperatures are in oC. Data: Weybright 2011.

Figure 32. Monthly low tide (open circles) and high tide (black 
squares) surface temperature and salinity at Jordan Cove. From 
Shanks et al. 2011.
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salmon rearing, and aquatic life in general. 
Catching Creek has been 303(d) listed as DO 
limited for salmon rearing; the Millicoma 
River from miles 0 to 8.9 and the South Fork 
Coos River from miles 0 to 2.6 are also 303(d) 
listed for low DO levels. 

Water quality samples were also collected 
as part of Marshfield High School’s Coastnet 
program in 1998-99 at three sites (Figure 33), 
closely supervised by MHS biology teacher, 
George Tinker. Although generally above 6.5 
mg/L, DO dipped into unhealthy levels at all 
three Coastnet sites – Coos Bay City dock 
(July, September 1998), Catching Slough (July 
1998) and Ross Slough (Jul-November 1998)

Figure 33. Site map for several studies or monitoring sites in 
the Isthmus Slough, Catching Slough and Coos River subsys-
tems. Labeled symbols are site names referred to in this data 
summary.

Figure 34. Average monthly samples (triplicate sampling 1x/month) at three sites in the Coos estuary: A: DO (mg/L); B: Tempera-
ture (oC); C: Salinity; D: pH. Data that appear in shaded orange areas do not meet ODEQ standards. Data: Coastnet 1999.
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Noble Cr, which often had the highest (health-
iest) DO, sites closer to the mouth of Isthmus 
had higher DO levels than sites further up the 
slough.

Two ODEQ sites on the South Fork Coos River 
were monitored continuously over three days 
for DO; they had nearly identical DO levels 
(Figures 33 and 36A)(ODEQ 2006c). Both 
sites were just above the ODEQ standard for 
healthy DO levels in estuarine waters. The 
upper site (S Fk Coos [RM 10]) had slightly 
higher (healthier) DO levels, averaging 6.76 
mg/L over the entire period, compared with 
6.64 mg/L at S Fk Coos (Daniels Cr).

Mid-October monitoring by ODEQ in 2009 
demonstrated unhealthy DO levels (based on 

Figure 35. Monthly averages for: A: dissolved oxygen; B: 
temperature; C: pH; D: salinity; E: turbidity at ODEQ’s Isthmus 
Slough sites (2006-2007). Data appearing in shaded orange 
areas do not meet ODEQ standards Data: ODEQ 2007c.

A

C

E

B

D

(Figure 34A). Lowest levels (3.4 mg/L) oc-
curred at Ross Slough in September 1998.

Short duration continuous monitoring data 
have been collected during various projects 
by ODEQ including a year-long Isthmus Slough 
study (ODEQ 2007c), three days at four sites 
on the South Fork Coos River (ODEQ 2006c), 
and four days of data collection (15 min 
intervals) on the Millicoma River (ODEQ 2009)
(Figure 33). 

At ODEQ’s Isthmus Slough study sites, DO 
levels fell below the ODEQ standard at all 
stations during part or all of the dry season 
(May-Oct)(Figure 35A). With the exception of 
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ODEQ’s more stringent standard of 11 mg/L 
for cold-water aquatic life bearing waters 
during spawning season) at all fives sites on 
the Millicoma River (Figures 33 and 37A)
(ODEQ 2009). Sites further downstream had 
lower levels of DO, beginning at the Millicoma 
River site (7.9 mg/L).

Water Temperature

Noble Creek, a tributary to Isthmus Slough, 
and multiple tributaries to the Coos River, 
including large sections of the South Fork 
Coos River (miles 0-31.1) and the West Fork 
Millicoma River (miles 0-34.8) have been 
303(d) listed under the Clean Water Act as 
limited for salmon rearing due to high water 
temperatures (ODEQ 2014)(Figure 28). 

In their assessment report, CoosWA sum-
marized water temperature data at multiple 
creeks in Catching Slough and Coos River 
(CoosWA 2008). Of the 39 sites sampled, 
maximum temperatures over a 7-day moving 
average exceeded the 64° F (18° C) standard 
at all but nine sites (Figure 30 and Table 3). 
The highest daily temperature fluctuation was 
20.5° F (11.4° C)(in 2005 at Roger’s Cr). Total 
days with temperatures over the standard 
varied by site. The site with the most days, 
Daniel’s Creek, exceeded the standard on 102 
days; other sites’ stream temperatures were 
over 70° F (21° C) on multiple occasions.

Dry season (May- October) temperatures at 
all three Coastnet stations were higher than 
in the wet season, and often rose into un-
healthy levels (i.e., >18° C [64° F])(Figures 33 
and 34B). Highest temperatures were found 

Figure 36. Daily averages of A: DO; B: temperature; C: pH 
from three days of continuous monitoring at four sites in 
2006. Data in shaded orange area do not meet ODEQ stan-
dards. Data: ODEQ 2006c.
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at Ross Slough in the dry season, peaking at 
24° C (75° F) in both July and August 1998.

The one-year study by ODEQ on Isthmus 
Slough indicated healthy water temperatures 
during the wet season, but heightened levels 
during the dry season (May-Oct)(Figures 
33 and 35B). Monthly averages frequently 
exceeded the ODEQ’s <18° C (64° F) standard 
during the dry season. 

High water temperatures exceeded ODEQ’s 
<18° C (64° F) standard at three sites mon-
itored continuously over three days on the 
South Fork Coos River (Figures 33 and 36B). 
All three sites averaged nearly 22° C (72° F) 
over the entire sample period.

Temperature data collected by ODEQ on the 
Millicoma River exceeded their <13° C (55° F)
standard (established in salmonid spawning 
reaches) at three of five stations (Figures 33 
and 37B)(ODEQ 2009). The station closest to 
the estuary (Millicoma River) exceeded the 
standard on all four days of monitoring, aver-
aging 13.9° C (57° F) over the entire sampling 
period. Slightly lower temperatures were 
found at upstream sampling stations.

pH

All six stations monitored for one year on Isth-
mus Slough by ODEQ met their pH standard 
in all months sampled (Figures 33 and 35C). In 
general, sites closer to the mouth had high-
er (more alkaline/less acidic) pH than sites 

A

C

B

Figure 37. Daily averages from 15 minute continuous monitor-
ing efforts at five sites on the Millicoma River (mainstem, west 
and east forks) assessing A: Dissolved oxygen; B: Temperature; 
C: pH. Asterisked data points indicate places where surface 
grabs were used in place of continuous monitoring data. Data 
in shaded orange area do not meet ODEQ standards. The 11 
mg/L DO and 13o C standards are used because these river 
segments support cold-water aquatic life (e.g., salmon) during 
spawning season (October 1-May1). Data: ODEQ 2009
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further upstream. The four ODEQ South Fork 
Coos River stations monitored in August 2006 
were all within healthy levels (Figures 33, 
36C). Three of the four stations were slightly 
more acidic than pure water (which has a pH 
of 7) with South Fork Coos River (mile 13) 
having the lowest overall average pH (6.7 
mg/L).

Likewise, all five stations ODEQ monitored on 
the Millicoma River for four days in October 
2009 were within healthy levels (Figures 33 
and 37C). The West Fork Millicoma River (Al-
legany) site had the lowest pH, averaging 6.7 
over the entire sampling period. 

At Catching Slough and Coos Bay City Dock 
Coastnet sampling sites, pH levels remained 
within ODEQ criteria for healthy waters 
(Figures 33 and 34D). Ross Slough station 
frequently dropped below 6.5 mg/L into un-
healthy (acidic) pH levels.

Salinity

Not surprisingly, the Isthmus Slough sites 
monitored by ODEQ for a year all had lower 
salinity during the wet season than the dry 
(May-Oct) when salinities neared 30 at the 
mouth (Figures 33 and 35D). As expected, 
sites closer to the mouth of Isthmus Slough 
had consistently higher salinities than those 
further upstream. 

Of the three Coastnet stations, Ross Slough 
station had lowest salinities (<5) year-round 
(Figures 33 and 34C). Catching Slough and 
Coos Bay City Dock stations varied with the 
season, with much higher salinities July-No-

vember (10-25 at Catching and 25-30 at Coos 
Bay City Dock) than the rest of the year (~5 at 
Catching, ~10 at Coos Bay City Dock). 

Turbidity

All six Isthmus Slough stations monitored by 
ODEQ over the course of a year demonstrated 
healthy turbidity levels (Figures 33 and 35E).

Background

Dissolved Oxygen

Dissolved oxygen (DO) is the amount of 
unbound oxygen dissolved in water. This is 
the oxygen available for aquatic fauna (e.g. 
fish and clams) to breathe. Hypoxia, low DO 
levels, is lethal at different concentrations de-
pending on species. A study by Vaquer-Sunyer 
and Duarte (2008) found median lethal DO 
levels was ~0.75 mg/L for gastropods, ~1.75 
mg/L for fish and bivalves and ~2.0 mg/L for 
crustaceans. Median lethal oxygen concentra-
tions were as high as 8.6 mg/L in one larval 
crab species and ~5.0 for one bivalve species. 
Ghost and mud shrimp are two species in our 
estuary that are particularly sensitive to low 
DO (Lee II and Brown 2009).

Slow moving, higher temperature water tends 
to contain less dissolved oxygen than cool, 
fast flowing waters. This can be seen in Figure 
5A and 5B where DO in the faster flowing 
Coos River is high during the cooler parts of 
the year and lower during the warmer times 
of the year compared with the North Point 
SWMP station data. Slow flowing, higher 
water temperature conditions combined with 
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accumulations of organic material (sometimes 
caused by an overabundance of nutrients in 
the water column- see Water Quality in the 
Coos Estuary: Nutrients) can cause blooms of 
oxygen-metabolizing decomposers in water-
ways.Large scale decomposition activity in 
water reduces the availability of dissolved 
oxygen which, in turn, can affect a variety of 
aquatic animals (mentioned previously) while 
also decreasing the water clarity needed for 
submerged aquatic vegetation to grow.
 
There have been occurrences of severe 
hypoxia along the inner continental shelf 
off central Oregon during the past decade, 
allowing for these low oxygen waters to be 
advected into adjacent estuaries (Grantham 
et al. 2004 and Chan et al. 2008 as cited in 
Brown and Power 2011). Data collected near 
the mouth of Coos estuary show low DO at 
cooler water temperatures, implying that low 
DO in the estuary is related to ocean condi-
tions (Brown and Power 2011). Flood tide 
DO higher than ebb tide DO would further 
demonstrate the influence of ocean upwelling 
on estuarine DO.

Water Temperature

Different aquatic organisms have different 
preferred temperature ranges, some more 
sensitive than others. For example, water 
temperature is a significant component of 
salmon distribution, health, and survival (USE-
PA 2003). Cooling water temperatures in fall 
months serve as a cue for upstream migration 
and spawning. Juvenile Coho salmon growth 
can cease in water temperatures above 20° C 
(68° F) and water temperatures of 25° C (77° 

F) can be lethal to fishes (Reiser and Bjornn 
1971 as cited in Weybright 2011; ODEQ 2000 
as cited in CoosWA 2008). 
Daily and seasonal water temperature fluctu-
ations determine which organisms will inhabit 
particular aquatic habitats in particular loca-
tions. In waters where temperature regimes 
have shifted, the composition of associat-
ed biological communities has also shifted 
(Booth et al. 2011). 

Other key water temperature-related points 
(USEPA 2003):

 � Temperature is closely linked to water 
chemistry, with warmer waters dissolving 
more minerals and allowing less oxygen 
saturation (see DO section).

 � Runoff from the impervious surfaces 
associated with human development that 
direct enters streams, rivers and estuaries 
can contribute to “thermal loading” (raise 
water temperatures). 

 � Along streams, loss of riparian vegetation 
significantly affects stream temperatures.

 � Bank erosion and resultant sedimenta-
tion in adjacent water bodies leads to 
increased temperatures (wider/shallower 
streams).

pH

pH is a measure of hydrogen ions in the 
water; it determines the level of water acidity 
or alkalinity. Pure water has a pH of 7 at 25° 

C (77° F). Solutions less than 7 are considered 
acidic (e.g. acid rain = ~4) and those greater 
than 7 are considered basic or alkaline (e.g., 
baking soda = 9). Most marine organisms 
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function in a narrow pH range of 6.5 to 8.0. At 
low pH (<6.5), egg hatch and juvenile growth 
in some fish species can be significantly re-
duced (Menendez 1976). 

pH affects many chemical and biological pro-
cesses including the solubility and biological 
availability of dissolved nutrients and heavy 
metals. For example, metals tend to be more 
soluble at lower pH and are therefore more 
toxic to organisms. The form of nutrients in 
the water can be helpful or toxic to organ-
isms, partly determined by pH. For example, 
ammonia (NH3) is toxic to fish in very small 
amounts but at low pH converts readily 
to the non-toxic form, ammonium (NH4+). 
Solubility of calcium carbonate, important 
for shell-forming organisms such as clams 
and corals, is affected by pH – waters that are 
too acidic inhibit shell growth. In the face of 
declining ocean pH, it is critical to establish 
baseline pH records in the Coos estuary (Ran-
dall and Tsui 2002).

Salinity

Like temperature, salinity affects community 
composition with some organisms able to tol-
erate freshwater only, some able to tolerate 
salt water only and some a mixture. Several 
species, such as salmon, can physiologically 
change their needs and survive in fresh water 
and salt water at different life stages.

Turbidity

High turbidity levels are often associated with 
heavy rain events, when sediment runoff and 
more turbulent waters stir up sediment and 

contaminants from river and stream beds, 
estuary channels, and mudflats. As such, 
turbidity is often an indicator of potential 
pollution in a water body. High turbidity also 
makes the water opaque which can negatively 
affect recreational use (Osmond et al. 1995). 

In particular, high turbidity levels can signifi-
cantly affect aquatic species and the habitat 
in which they live. For example, chronic tur-
bidity impairs growth of juvenile salmon com-
pared to those reared in clear waters (Sigler 
et al. 1984). Additionally, decreased light 
availability in chronically turbid water bodies 
has detrimental impacts to aquatic vegetation 
such as eelgrass (Moore et al. 1997). 
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Water Quality in the Coos 
Estuary: Nutrients
Summary: 

 � Available datasets indicate that, for the 
most part, nutrient concentrations in 
the Coos estuary meet or exceed human 
health standards set by the Oregon De-
partment of Environmental Quality and 
the U.S. Environmental Protection Agency. 

 � The ocean-dominated portion of the Coos 
estuary experiences moderate concentra-
tions of total dissolved inorganic nitrogen 
and high concentrations of phosphorus. 

 � The river-dominated portion of the Coos 
estuary is considered “phosphorus limit-
ed,” because the bioavailability of phos-
phorus (rather than nitrogen) constrains 
the growth of photosynthetic organisms 
such as emergent tidal wetland vegetation 
and algae

 � Additional data are needed for
      a more complete evaluation.

Figure 1. Water column nutrient study sites.
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What’s happening?

In water, nutrients exist in many different 
forms. Whether nutrient concentrations are 
ecologically beneficial or detrimental depends 
on the nutrient’s form and concentration, 
both of which are influenced by a variety 
of environmental factors (e.g., salinity, pH, 
temperature). Estuarine nutrient concentra-
tions also vary due to the timing and intensity 
of coastal upwelling, precipitation patterns, 
estuarine geomorphology, and tidal flushing. 

In this document, we summarize available 
information on nitrogen, phosphorus, silica, 
and chlorophyll a concentrations (and their 
various forms) in the Coos estuary (Figure 1). 
The forms in which nutrients are found in the 
Coos estuary are listed in Table 1. 

After a brief overview, this document sum-
marizes nutrient water quality data for each 
project area subsystem (e.g., South Slough, 
Lower Bay, Upper Bay, Isthmus Slough, etc.). 

Overview

In terms of both human and ecological 
health, nutrient levels in the Coos estuary 
are generally satisfactory, although additional 
data are needed for a complete evaluation. 
Available datasets indicate that nutrient 
concentrations meet or exceed human health 
standards set by the Oregon Department of 
Environmental Quality (ODEQ) and the United 
States Environmental Protection Agency 
(USEPA). The concentrations of both nitrogen 
and phosphorus in the Coos estuary re-
mained at acceptable levels throughout most 

 

Nutrients in Estuaries

Nutrients are key water quality 

parameters. According to the United States 

Environmental Protection Agency (USEPA), 

nutrients in estuarine waters directly affect 

plant growth and biological productivity, 

and indirectly influence dissolved oxygen 

concentrations, water clarity, and 

sedimentation rates. 

Nutrients enter estuaries from terrestrial 

point and non-point sources, atmospheric, 

and groundwater sources. Nutrient sources 

are both naturally occurring and human-

caused. 

When nutrients are excessive in estuarine 

waters, a process called “eutrophication” 

may result, causing excess plant 

production (phytoplankton or algae), 

which may lead to decreased water clarity 

and low dissolved oxygen concentrations, 

both of which are detrimental to aquatic 

plants and animals. 

 Sources: USEPA 2010, 2012
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Table 1. Nutrient forms found 
in aquatic systems. The table 
also provides formulas, brief 
descriptions, sources, and rel-
evant water quality standards.

years available for investigation. Based on the 
USEPA’s West Coast Criteria (USEPA 2012), 
all Coos estuary study sites (Figure 1) were 
ranked as “good” for total dissolved inorganic 
nitrogen (DIN) and orthophosphates (PO4 ) 
at < 0.5 mg/L and < 0.07 mg/L, respectively. 
Similarly, based on USEPA research (Brown et 
al. 2007), chlorophyll a was ranked as “good” 

at < 15 µg/L (Figure 2). 
The ocean-dominated portion of the Coos 
estuary (salinity > 25) comprises about 42% of 
the entire system and has moderate con-
centrations of DIN (0.1-1.0 mg/l) and high 
concentrations of phosphorus (≥ 0.1 mg/L). 
The highest concentrations of both nutrients 
occur during April-June (NOAA 1998). 
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The upper, more river-dominated portion of 
the Coos estuary is considered “phospho-
rus limited,” because the bioavailability of 
phosphorus (rather than nitrogen) constrains 
the growth of photosynthetic organisms such 

as emergent tidal wetland vegetation and 
algae (known in ecological terms as “primary 
producers”)(Quinn et al. 1991).

Chlorophyll a concentrations in the Coos 
estuary generally meet USEPA standards 
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Figure 2. This series of maps (previous page and above) summarizes wet and dry season nitrogen, phosporous 
and chlorophyll a conditions at Coos estuary water quality data collection sites. Green represents “good” nutri-
ent concentrations that meet all USEPA standards; Orange represents “fair” nutrient concentrations that meet 
all but the most stringent USEPA standards; Red represents “poor” nutrient concentrations that do not meet 
any USEPA standard; and White represents data gaps, which occur at stations only sampled in the dry season 
(May-October). Data were compiled from : CTCLUSI 2013, 2014; ODEQ 1999, 2001, 2004, 2006, 2007; SWMP 
2012.

(USEPA 2012) except for rare occasions in the 
riverine/freshwater zone of the estuary (see 
Figure 11 Winchester and Valino sites)(ODEQ 
2007; SWMP 2012).

Silica concentrations in the Coos estuary 
range from approximately 0-18 mg/L, with 
the highest concentrations occurring in the 
riverine/freshwater zone of Isthmus Slough 
(SWMP 2012; ODEQ 2007, 2009). Silica exhib-
its seasonal patterns, with peak levels during 
the rainy season for riverine/freshwater sites 
and peaks for marine/polyhaline sites in the 
dry season (SWMP 2012). USEPA has not es-
tablished water quality guidelines for silica. 

Nutrients in Coos Estuary Subsystems: 
South Slough

Lower South Slough Watershed 

Since 2002, the science staff at the South 
Slough National Estuarine Research Reserve 
(SSNERR) has monitored nutrient concentra-
tions at four sites as part of the System-Wide 
Monitoring Program (SWMP)(Figures 3 and 4)
(SWMP 2012). Additional sources of nutrient 
information for South Slough include: USEPA, 
ODEQ, local tribes (Coquille; the Confed-
erated Tribes of Coos, Lower Umpqua, and 
Siuslaw Indians [CTCLUSI]), and the Coos 
Watershed Association (CoosWA). 
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Nitrogen
The 10 year record (2002-2012) of SWMP 
data in South Slough reveals a strong seasonal 
pattern in total dissolved inorganic nitrogen 
(DIN) which is high during wet months (No-
vember – April) and low during dry months 
(May – October)(Figure 5)(SWMP 2012). 

Regression analyses of SWMP data also reveal 
a statistically significant (p < 0.001) relation-
ship between precipitation and DIN at all 
stations (Figure 6). Precipitation explains 50% 
of DIN variation near South Slough’s mostly 
freshwater site ( R2= 0.497 at Winchester 
Creek). However, it explains an increasingly 

smaller share of DIN variation as salinity in-
creases (i.e., sites closer to the mouth of the 
estuary). It should be noted that the statis-
tical significance of these relationships may 
be somewhat inflated due to potential “serial 
correlation” in the data (when anomalies as-
sociated with one time period carry over into 
future time periods).

DIN concentrations were generally higher and 
varied more at the riverine/freshwater sam-
pling site (Winchester) than at the marine/
polyhaline sites (Boathouse, Charleston, and 
Valino)(Figure 7a). These results appear to be 
consistent over time (Figure 5). 

Figure 3. South Slough water column nutrients study sites. 
CEMAP refers to data from Sigmon et al. 2006. State of Water-
sheds Report refers to Cornu et al. 2012. 

Figure 4. SSNERR staff member deploying a water quality data 
sonde at the Charleston SWMP station. 



9-63Water Quality in the Coos Estuary and the Lower Coos Watershed

Figure 5. Average monthly DIN at South Slough sites (SWMP stations) 2002-2012. The horizontal dashed lines represent USEPA’s 
water quality criteria. Values below 0.5 mg/L (in green area) indicate good condition, while values above 1.0 mg/L (red area) 
indicate poor condition. The legend is in order of decreasing salinity from Boathouse (marine) to Winchester (freshwater) sites. 
Data from SWMP 2012 

Figure 6. Regression 
plots of precipitation 
and DIN at each of 
the four nutrient 
sites in the South 
Slough. R2 and p-val-
ues shown. Data: 
SWMP 2012 
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ODEQ collected nutrient data at three South 
Slough sites in 1999, 2001, and 2004 (Fig-
ure 8a). Similar to the SWMP data, ODEQ’s 
results indicate that average summertime DIN 
concentrations in South Slough clearly meet 
USEPA’s “good” water quality benchmark. Of 
the three South Slough sites, the highest DIN 
concentrations were observed the Boathouse 
marine/polyhaline site (Figure 8b). Because 
these observations were made during the 
dry season, they represent South Slough DIN 
during a time when freshwater inputs are 
least influential (Sigmon et al. 2006).

Phosphorus 
South Slough orthophosphate (PO4) concen-
trations are high in the dry season and low 
during the rainy season (Figure 9). PO4 in the 
riverine/freshwater zone (Winchester mon-
itoring station) are consistently lower than 
concentrations in marine/polyhaline sites 

(Figures 9 and 7b). Maximum PO4 concentra-
tions at all sites met USEPA’s “good” water 
quality benchmark (< 0.07 mg/L). However, 
PO4 concentrations at the Boathouse station 
met the “fair” benchmark ( > 0.07 mg/L) once 
during 2002-2012 (USEPA 2012).

The ODEQ data from 1999 and 2001 at South 
Slough also show PO4 concentrations regular-
ly met USEPA standards (Figure 8c)(Sigmon et 
al. 2006).

Silica
Silica concentrations display seasonal patterns 
that vary across South Slough’s salinity gradi-
ent. At the marine/polyhaline sampling sites, 
silica concentrations decreased during the dry 
season and peaked during the rainy season. 
The pattern is reversed at the riverine/fresh-
water sampling site, with silica concentrations 
cresting during the dry season and falling in 
the wet season (Figure 10). The variability of 

Figure 7. Density estimates describing the mean and variance of total dissolved nutrients at SWMP nutrient sampling sites during 
2002-2012. Graph A: DIN; B: PO4; C: CHLa: D: SiO2. Sites listed in order of most marine (Boat House) to most freshwater (Win-
chester) sites. Density functions with higher mean values have peaks shifted further to the right; functions with more variance are 
wider. 

a

c

b

d
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Figure 9. Average monthly PO4 levels at South Slough sites (SWMP stations) during 2002-2012. Dashed lines represent USEPA’s 
criteria. Values below 0.7 mg/L (green) are considered good. The legend lists sites in order of marine to fresh. Data: SWMP 2012

Figure 8. Site location 
map of CEMAP sampling 
stations (A) and average 
DIN (B), PO4 (C), and 
chlorophyll a (D) during 
1999, 2001, 2004. South 
Slough sites are mapped 
along with stations in 
the Lower Bay, Upper 
Bay, Haynes Inlet, Isth-
mus Slough, Catching 
Slough, and Coos River 
Subsystems. No data are 
available for the Pony 
Slough and North Slough 
Subsystems. Data from 
the CEMAP program by 
ODEQ, retrieved from: 
http://deq12.deq.state.
or.us/lasar2/ 

a

c

b

d
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silica concentrations is also a function of salin-
ity, with riverine/freshwater sites fluctuating 
less than marine/polyhaline sites (Figure 7c). 

Chlorophyll a
South Slough chlorophyll a concentrations 
peak in late-spring and summer (Figure 11)
(SWMP 2012). The concentrations are gen-
erally below the Oregon estuarine water 
quality criteria standard (15 µg/L) except for 
a few seasonal peaks at Valino Island and 
Winchester Creek in 2006 and the Boathouse 
station in 2007. 

Chlorophyll a concentrations are relatively 
uniform throughout South Slough’s salinity 
gradient, with the exception of higher vari-
ance and a slightly higher mean concentration 
at the Winchester station in the riverine/
freshwater zone (Figure 7d). 

Upper South Slough Watershed Nutrients

The Partnership for Coastal Watersheds’ State 
of the Watersheds assessment (Cornu et al. 
2012) recorded variable nutrient concen-
trations in South Slough’s upper watershed 
streams from September 2010 to January 
2012 (see sampling site locations in Figure 3).

Nutrients in South Slough’s upper watershed 
are well correlated with precipitation (Cornu 
et al. 2012). Concentrations of phosphate, 
ammonium, and silica increased during pe-
riods of low rainfall, and declined during the 
rainy season. Other nutrients, such as nitrate 
and nitrite, followed the opposite pattern 
(Figure 12). 

Nitrate concentrations in South Slough’s 
upper watershed met ODEQ standards (1.0 
mg/L) but did not meet the USEPA’s recom-
mended 0.09 mg/L benchmark during the 
rainy season at Winchester Creek. 

Figure 10. Seasonal patterns in silica concentrations in the marine/polyhaline zone (black) and the riverine/freshwater zone 
(green) of the South Slough plotted against precipitation (red). Nutrient data: SWMP 2012; Precipitation data: NWS 2014. 

Silica concentrations 
in South Slough 2002-2012
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Figure 11. Average monthly chlorophyll a levels at South Slough sites (SWMP stations) during 2002-2012. Dashed lines represent 
Oregon estuarine water quality standards. Values below 15 µg/L are considered good. The legend lists sites in order of marine to 
fresh: Boathouse (blue), Charleston (red), Valino (yellow), Winchester (purple). 
Data: SWMP 2012; Water quality standards: Brown et al. 2007.

Figure 12. Monthly ammonium levels for upper South Slough watershed streams (September 2010 - February 2012). Rainfall 
(blue), Elliot Creek site (red), Joe Ney Creek site (green), Winchester Creek site (yellow). Graphic: Cornu et al. 2012.

Chlorophyll a concentrations 
in South Slough 2002-2012



9-68 Water Quality in the Coos Estuary and the Lower Coos Watershed

Statistical Analysis of South Slough SWMP 
Water Column Nutrient Data

Statistical analysis of four years of SWMP 
nutrients data (2002-2006) by O’Higgins and 
Rumrill (2007) showed that of the four West 
Coast NERRS (Padilla, WA, South Slough, OR, 
Elkhorn Slough, CA, and Tijuana, CA), South 
Slough showed least evidence of human-gen-
erated nutrient concentrations. 

Linear regressions of nitrogen concentrations 
in South Slough with salinity indicated strong 
seasonal patterns. Freshwater inflows were 
the primary nitrogen source during the rainy 
season, but marine nitrogen sources were 
increasingly important in the dry season. 
O’Higgins and Rumrill note that seasonal ni-
trogen patterns were particularly apparent in 
South Slough due to the high spatial variabili-
ty in salinity. 

They also concluded that seasonal phospho-
rus patterns in South Slough were less pro-
nounced than the nitrogen patterns. Marine 
phosphorus sources were dominant during 
the rainy season whereas freshwater was the 
primary phosphorus source during the dry 
season. They suggest that this anomalous 
pattern may be due to localized human-gen-
erated phosphorus sources from the town of 
Charleston. 

O’Higgins and Rumrill’s research further sug-
gested that the relationship between chloro-
phyll a and other nutrient concentrations is 
statistically significant. For example, increas-
es in DIN were correlated with increases in 
chlorophyll a. The same is true of PO4 and 

chlorophyll a at Winchester Creek (riverine/
freshwater zone).

With the benefit of six additional years of 
South Slough nutrients data, we evaluated 10 
total years of data using a technique known 
as “dummy variable regression” (Table 2) 
to determine the statistical significance of 
seasonal nutrient concentration patterns in 
South Slough. Nitrogen, phosphorous, silica, 
and chlorophyll a concentrations for each 
month were compared with January nutrient 
concentrations (which served as rainy season 
reference values) for each year to identify any 
statistically significant differences (p < 0.05). 
To control for serial correlation, the data were 
lagged by one year. 

There was strong statistical evidence that 
nitrogen is highest in January at both river-
ine/freshwater and marine/brackish sam-
pling sites (Table 2). Dry season phosphorous 
concentrations are statistically higher than 
wet season concentrations at marine/brack-
ish sites, but this difference is not observed 
at riverine/freshwater sites. During the dry 
season, silica concentrations experience a 
statistically significant decrease at marine 
sites and a significant increase at freshwater 
sites. However, the evidence supporting this 
conclusion is somewhat weak because it 
requires a generous interpretation of the “dry 
season” at marine sites (April – November) 
and a conservative definition (exclusively 
August) at freshwater sites. Dry season peaks 
in chlorophyll a are statistically significant at 
both riverine/freshwater and marine/brackish 
sampling sites.
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Nutrients in Coos estuary Subsystems: 
Lower Bay, Upper Bay, Haynes Inlet, and 
Catching Slough

Nitrogen
DIN concentrations were measured by ODEQ 
staff at USEPA’s Coastal Environmental Mon-
itoring and Assessment Program (CEMAP) 
sites in Lower Bay, Upper Bay, Haynes Inlet, 
and Catching Slough subsystems during the 
dry seasons of 1999-2006 (Figure 13). The 
resulting average DIN concentrations met 
USEPA standards for “good” water quality 
(Figure 14)(Sigmon et al. 2006). 

Table 2. Seasonal trends in South Slough nutrient dynamics in the marine zone (blue) and the riverine/brackish zone (red). Signifi-
cant differences are indicated by the black diamonds. Data: SWMP 2012 .

Phosphorus
The mean PO4 concentrations at CEMAP sites 
in the same subsystems also met USEPA stan-
dards for “good” water quality (< 0.07 mg/L)
(Sigmon et al. 2006; USEPA 2012)(Figure 14). 

The highest mean PO4 concentrations were 
recorded in the Upper Bay subsystem near 
downtown Coos Bay, Haynes Inlet and at the 
southern end of the Lower Bay (Figure 8c). 
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Chlorophyll a
All CEMAP sites in the Lower Bay, Upper Bay, 
and Haynes Inlet subsystems met the USE-
PA standards ( < 15 µg/L) for chlorophyll a 
(Sigmon et al. 2006; Brown et al. 2007)(Figure 
14). Chlorophyll a concentrations were high-
est near the mouth of the estuary in the Low-
er Bay subsystem and near downtown Coos 
Bay in the Upper Bay subsystem (Figure 8d). 

It should be noted that CEMAP data were 
only collected during the dry season when 
PO4 concentrations are typically the highest, 
DIN concentrations are the lowest, and chlo-
rophyll a concentrations are the highest in the 
riverine/brackish water zone and the lowest 
in the marine zone. Wet season data are 
needed to more fully characterize nutrient 
concentrations in Coos estuary subsystems. 

Phosphorus, nitrogen, and chlorophyll a 
concentrations were sampled (also during 
the dry season only) in the Upper and Lower 
Bay subsystems by the Confederated Tribes 
of Coos, Lower Umpqua, and Siuslaw Indians 
(CTCLUSI) at three stations (Figure 13). 

Their data indicate consistently elevated con-
centrations of nitrogen at the Kentuck Slough 
station in the Upper Bay subsystem (Table 3)
(CTCLUSI 2010). The Kentuck sampling site 
is downstream from agricultural lands and 

Figure 13. Site location map of CEMAP sampling stations in 
the Lower Bay, Upper Bay, Haynes Inlet, and Catching Slough 
subsystems. Source: Sigmon et al. 2006; CTCLUSI 2010, 2012, 
2013, 2014

Figure 14. Average total DIN, PO4, and chlorophyll a at CEMAP 
stations (1999-2006). Symbols represent sampling sites 
averaged within each subsystem. Error bars define ±1 standard 
deviation. Lower values (green background) represent health-
ier levels than higher values (red background). Data from the 
CEMAP program by ODEQ, retrieved from: http://deq12.deq.
state.or.us/lasar2/
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Table 3: Nutrient concentrations at each of three CTCLUSI sampling stations. The BLM and Empire 
stations are in the Lower Bay; Kentuck is about one mile up Kentuck Slough, adjoining the Upper 
Bay subsystem. Shaded bars indicate relative nutrient concentrations. Numbers in orange represent 
values in the “fair” health range (0.07-0.1 for phosphorus; 0.5-1.0 for nitrogen). Numbers in red 
indicate values that exceed criteria for healthy waters (>0.1 for phosphorus; > 1.0 for nitrogen; >15 
for chlorophyll a). Data from: CTCLUSI 2010, 2012, 2012, 2013, 2014.

Figure 15. Isthmus Slough site location map. Source: ODEQ 
2007; Sigmon et al. 2006) 

directly adjacent to a golf course, which may 
explain the high nitrogen concentrations 
there. Nutrient sampling at this site was 
discontinued in 2012, and a new site in the 
Lower Bay subsystem was established (Figure 
13 “Empire Station”). Further investigation 
is needed to help understand the elevated 
phosphorus concentrations at the Empire 
Station in the 2013 sampling season.

Nutrients in Coos estuary Subsystems: 
Isthmus Slough

Nitrogen

For a ODEQ (2007) dissolved oxygen (DO) 
study in Isthmus Slough, scientists sampled 
nitrogen (DIN), phosphorus, and silica among 
a larger suite of water quality parameters at 
six ODEQ sites (Figure 15, Table 4). 

Except for the most upstream site at the 
Noble Creek tide gate (in the riverine/
brackish water zone), average annual DIN 
concentrations met USEPA standards (<0.5 
mg/L)(USEPA 2012)(Figure 16). As expect-
ed, monthly mean DIN concentrations for 
all sites were low in the dry season and 
high during the rainy season and mostly 
remained between USEPA’s “good” and 
“poor” water quality standards (Figure 16).

In contrast to the ODEQ DO study, CEMAP 
dry season data (2001 and 2005) at three 
Isthmus Slough stations (Figure 15) indi-
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cated low DIN concentrations at the most 
upstream stations and high DIN concentra-
tions near the mouth of the slough (Sigmon 
et al. 2006). 

This difference may reflect seasonal pat-
terns in nitrogen sources (e.g., Figure 17) as 
also documented in a study of South Slough 
by O’Higgins and Rumrill (2007), who con-
cluded that marine nitrogen sources be-
come increasingly important during the dry 
season months. All CEMAP data in Isthmus 
Slough met USEPA DIN standards (< 0.5 mg/L)
(USEPA 2012). 

Phosphorus

ODEQ’s 2007 PO4 Isthmus Slough data follow 
the opposite seasonal pattern to nitrogen, 
with peak PO4 concentrations mostly occur-
ring in the dry months and lower concentra-
tions during the rainy season (Figure 18, Table 
4). 

Based on one year of data, the seasonal PO4 
shift in Isthmus Slough is less distinct than in 
South Slough, particularly during the rainy 
season. At the freshwater Isthmus Slough 
sites, PO4 concentrations appear to either 
increase or remain unchanged during the 
rainy season (Figure 18 , Table 4). Data from 
additional years could clarify the seasonal 
patterns.

Mean PO4 concentrations at the three 
Isthmus Slough CEMAP monitoring stations 
were higher at the marine station (0.0473 
mg/L) than at both the mid-slough station 
(0.03 mg/L) and the freshwater station (0.011 

mg/L)(see blue boxes Figure 18)(Sigmon et 
al. 2006). Average CEMAP observations at 
all three Isthmus Slough sites met USEPA’s 
“good” water quality standard (< 0.07 mg/L). 

In Isthmus Slough, the relationship between 
salinity levels and PO4 concentrations is sta-
tistically significant (p < 0.01) near the mouth 
of the slough (marine/polyhaline zone). 
The relationship, however, is less clear/not 
significant for upstream sites (riverine/fresh-
water zone). This suggests that the ocean is 
a substantial source of PO4 for sites near the 
mouth of the slough, but less influential at 
upstream sites (Figure 19). 

Figure 18. Location of ODEQ monitoring sites in Isthmus Slough 
and mean monthly PO4 concentrations (April 2006 – March 
2007). Omitted data bars indicate months for which there are 
no data. Data: ODEQ 2007 
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Chlorophyll a

Although ODEQ data (2007) for chlorophyll 
a in Isthmus Slough are relatively sparse, 
available data (and logic) suggest that chlo-
rophyll a increases through summer months 
when chlorophyll-bearing phytoplankton are 
abundant in estuaries. Maximum chlorophyll 
a concentrations at all ODEQ Isthmus Slough 
monitoring sites were approximately 8 µg/L, 
well within the USEPA water quality standards 
(“good” < 15 µg/L)(Brown et al. 2007). Chloro-
phyll a concentrations do not seem related to 
a salinity gradient or proximity to the mouth 
of the slough. 

An interesting relationship can be seen be-
tween chlorophyll a and silica concentrations. 
Periods of high phytoplankton abundance in 
summer months (including diatoms), cor-
relate to greater chlorophyll a abundance and 
lower concentrations of silica, due to diatoms’ 
silica uptake for shell formation (Figure 20). 

Figure 19. Relationship between PO4 levels and salinity at 
three Isthmus Slough sites. Data: ODEQ 2007 Figure 20. Chlorophyll a concentrations plotted with SiO2 abun-

dance at three Coos estuary sites (2007). Data: ODEQ 2007 
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Figure 21. Coos River sampling site location map. Source: 
ODEQ 2006, 2009; Sigmon et al. 2006.

Figure 22. Seasonal variation (January/winter; July/summer) 
of nitrate/nitrite for the Rook Higgins boat ramp station on the 
Millicoma River (1997-2012). Lower values (green background) 
represent healthier levels than higher values (red background). 
Data from ODEQ, retrieved from: http://deq12.deq.state.or.us/
lasar2/ 

Nutrients in Coos estuary Subsystems: 
Coos River

Nitrogen

Nitrogen was monitored in the Millicoma and 
Coos Rivers by ODEQ from 1997-2012 (Figure 
21).

For the Millicoma River sites, the seasonality 
of nitrogen concentrations is evident judging 
particularly from the one sampling site where 
fifteen years of data are available- the Rook 
Higgins boat ramp. Nitrate/nitrite concen-
trations were very low at all sampling sites 
during the dry summer months and peaked in 
the rainy season. Figure 22 shows the season-
al nitrate/nitrite concentration pattern from 
1997-2012. At that site, peak summertime 
concentrations routinely exceeded USEPA’s 
“fair” water quality standard ( > 0.5 mg/L) 
and occasionally exceeded USEPA’s “poor” 
standard (> 1.0 mg/L)(USEPA 2012). 

Ammonia concentrations were frequently be-
low detectable limits on the Millicoma River 
(USEPA 2012).

DIN concentrations, measured on the Coos 
River at two CEMAP project sites (Figure 21), 
were very low (mean = 0.104 mg/L)(Sigmon 
et al. 2006). 

Phosphorus

PO4 was measured at two Coos River CEMAP 
sites (Figure 21) and the mean PO4 concen-
trations (0.005 mg/L) were well within USEPA 
standards (< 0.07 mg/L = “good”)(Sigmon et 
al. 2006; USEPA 2012). 

ODEQ (2006, 2009) also measured PO4 on 

both the Millicoma and South Fork Coos 
Rivers (Figure 21). Similar to CEMAP, these 
observations suggest that PO4 concentrations 
have met USEPA standards. 

Silica

Silica was sampled by ODEQ during two con-
secutive days in August 2006 for their South 
Fork Coos River Summer Synoptic Study (Fig-
ure 21: “ODEQ 2006” sites). Concentrations 
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of SiO2 ranged from 7.42 mg/L to 8.42 mg/L, 
averaging 7.95 mg/L (<6.0mg/L – <7.5mg/L)
(ODEQ 2006). 

Generally, Coos River silica concentrations 
were higher than South Slough concentra-
tions, which were about 2 mg/L on average 
(Figure 10), and also higher than Isthmus 
Slough concentrations, which averaged ap-
proximately 6 mg/L (Figure 18). 

ODEQ also sampled silica during three con-
secutive days in October, 2009 for the Mil-
licoma River TMDL Dissolved Oxygen Study 
(Figure 21: “ODEQ 2009” sites). The concen-
tration of SiO2 in the Millicoma River during 
the three day sample event ranged from 2.76 
mg/L to 8.38 mg/L, averaging 5.33 mg/L. 

Why is it happening?

Nitrogen

Nitrogen concentrations in the Coos estuary 
and associated tributaries change as a result 
of wet season runoff from the Coos water-
shed. Lee II and Brown (2009) suggest that 
the Coos estuary’s main nitrogen source is 
non-point source inputs from forested lands, 
which is common in most West Coast estuar-
ies (Quinn et al. 1991). This helps explain the 
observed seasonal patterns in this summary: 
high nitrogen concentrations during the wet 
season and low concentrations during the dry 
season.

The relative contribution of nitrogen from 
upland forests is influenced by the plant 
communities in the riparian zone. Red alders 
(Alnus rubra), for example, are “nitrogen 

fixers” (plants able to convert atmospheric 
nitrogen into usable compounds). They store 
nitrogen in nodules on their roots which, in 
turn, enriches surrounding soils and ulti-
mately surrounding wetlands and waterways. 
Riparian areas dominated by red alders can 
be responsible for over 80% of riverine nitro-
gen loading, as often occurs in Oregon Coast 
Range stream systems (Brown and Ozretich 
2009). Low nitrogen concentrations in the 
Coos system indicate local riparian zones with 
relatively few alders or other deciduous trees 
(Lee II and Brown 2009). 

During the dry season, ocean conditions are 
responsible for nitrogen contributions to the 
estuary. Spring and summer upwelling events, 
which draw nutrient-rich bottom waters 
to the ocean surface, elevate nitrate (and 
phosphate) concentrations in the estuary 
(see sidebar). This is particularly true near 
the mouth of the estuary, or “ocean-estuary 
interface” (Lee II and Brown 2009). 

In August 2005, Lee II and Brown (2009) used 
a nitrogen isotope extracted from macroalgae 
to determine nitrogen sources at various loca-
tions in the Coos estuary (Figure 23). 

Lee II and Brown found that for mid and up-
per bay sites in Haynes Inlet, North Bend, and 
Cooston Channel, roughly 90% of the nitrogen 
was ocean-sourced, about 10% from waste 
water treatment facilities or septic systems, 
and about 2% was river-sourced. 
Similarly, ocean-sourced nitrogen dominat-
ed the nutrient profile at the Lower Bay and 
South Slough sites (about 85% ocean). 
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Phosphorus

As noted in the summary above, seasonal 
patterns of PO4 concentrations in the Coos 
system are characterized by higher concentra-
tions in the dry season and lower concentra-
tions in the rainy season (opposite to nitro-
gen). High PO4 concentrations result from 
ocean upwelling events (see sidebar).

Rainy season PO4 concentration declines 
can be explained by the absence of upwell-
ing-driven nutrients and simple dilution by 
freshwater inputs from swollen rivers with 
naturally low PO4 concentrations (O’ Higgins 
and Rumrill 2007, Cornu et al. 2012). 

Figure 23. Station locations of macroalgae samples taken for 
δ15 N, an isotope used to determine nitrogen sources. Project 
area subsystems are named and outlined in blue. Shaded sub-
systems had no data from this source. Data: Lee II and Brown 
2009.

 

Ocean Upwelling

Ocean upwelling is a wind-driven 

phenomenon that influences seasonal 

nutrient abundance in coastal ocean 

waters. Upwelling occurs when strong 

north winds drive surface ocean water 

along the coast and offshore in a process 

called “Ekman transport”. Cold, nutrient-

rich ocean water from the depths rises up 

to the surface to replace surface water 

transported by the wind. 

Typically during the months of April 

through September, Oregon coast winds 

cause coastal upwelling events. This 

upwelling results in the enrichment of 

near-shore waters, which promotes 

plankton growth. Abundant plankton 

supports marine life which in turn supports 

seabirds, marine mammals, and various 

fisheries, including Dungeness crab, Pacific 

sardines, Chinook salmon, albacore tuna, 

and halibut. 

Sources: Peterson et al. 2013, Iles et al. 

2011, Dalton et al. 2013
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Quinn et al. (1991) found that point sources 
(i.e., land-based wastewater treatment and 
industrial facilities) contributed approximately 
60% of the PO4 in the Coos estuary. Because 
the watershed contains relatively few urban-
ized areas to contribute phosphates, con-
centrations remain relatively low during wet 
winter months (Cornu et al. 2012). 

Silica

Seasonal silica patterns are complex, because 
they depend on many factors and change 
along the salinity gradient (Figure 10). In the 
wet season, precipitation and rapid runoff 
dilute silica concentrations (Sigleo and Frick 
2003). In the dry season, the interaction of 
nutrient delivery from upwelling, diatom 
uptake, and river discharge rates determine 
whether silica increases or decreases.  

In the summer/dry season, silica concentra-
tions are affected by natural events such as 
ocean upwelling and diatom uptake. Pro-
longed exposure to sunlight fuels increased 
primary production and corresponds to 
peak diatom abundance during the summer 
months. Because diatoms use silica to de-
velop shell-like structures called “frustules” 
(see sidebar), silica concentrations vary with 
diatom abundance. This pattern is observed 
in the SMWP data as well as its correlation 
with chlorophyll a concentrations (a measure 
of primary production)(Figure 24). 

The response to increased primary produc-
tion during the dry season varies across the 
salinity gradient. Although diatoms are more 
abundant during the summer months in all 

 

Diatoms

Diatoms are a group of abundant, single-

celled algae in marine, estuarine, and 

freshwater environments. They are a 

major component of the phytoplankton 

community, which includes microscopic 

plants, bacteria, and protists. 

Diatoms play a crucial role in the 

maintenance of aquatic food webs and are 

central to nutrient dynamics. For example, 

diatoms account for approximately 20% of 

the global carbon fixation (conversion of 

carbon dioxide and water into sugars). 

Diatoms require silica to develop their 

characteristic shell called a “frustule.” 

Because silica is often a limiting nutrient 

for diatom growth, it is an important factor 

in primary production (i.e., plant growth) 

in estuarine waters. 

Sources: Martin-Jezequel et al. 2000, 

Round et al. 1990, Armbrust et al. 2004, 

Otzen 2012.
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estuarine environments, peak diatom abun-
dance is greatest in the lower estuary (e.g. 
near the ocean where diatoms are naturally 
more prevalent than in upland freshwater 
streams)(Figure 25). As the populations of 
diatoms increase during the dry season in the 
lower estuary, their uptake of silica to build 
frustules also increases. If the rate of uptake 
outpaces silica delivery from upwelling, silica 
in the water will decrease (e.g., In Figure 10, 
the Charleston site displays low SiO2 in the 
dry season). In contrast, a net increase in sili-
ca occurs if the rate of nutrient delivery from 
upwelling exceeds diatom uptake during the 
dry season. This increase in silica is observed 
in the upper estuary where diatoms are less 
abundant (e.g., Figure 10: Winchester site). 

Seasonal patterns in diatom abundance and 
silica concentrations are also affected by river 
flow. For example, Colbert and McManus 

Figure 25. Seasonal patterns for two diatom species. Pennate 
diatom (dashed) and centric diatom (dotted) abundance at the 
marine-estuarine interface (top), the estuarine-mixing zone 
(middle), and the riverine zone (bottom) are plotted against 
estimated dates of spring transition (green), which marks the 
start of summer upwelling events, and fall transition (red), 
which representes at the end of the summer upwelling season. 
Data: Rumrill 2003 

Figure 24. Significant relationships (p <0.05) between SiO2 concentrations and chlorophyll a levels in South Slough. 
Data: SWMP 2012
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(2003) reported that phytoplankton (diatoms) 
in Isthmus Slough were rapidly flushed from 
the estuary during high river flows and there-
fore had no significant effect on silica during 
the wet season. As river discharge rates 
progressively decrease from winter through 
summer, the residence time for diatoms 
lengthens and increases their effect on silica 
concentrations. 

Background

The nutrients described in this data summary 
are essential life-sustaining compounds, but 
excessive nutrients in estuarine waters are a 
type of pollution. 

For example, both phosphorus and nitrogen 
are necessary for the growth of marsh plants, 
algae, and phytoplankton which forms the 
base of the estuarine food web (USEPA 2012). 
Both elements are also key components of 
chemical fertilizers used on agriculture lands, 
golf courses, and lawns. Because phosphorus 
and nitrogen are highly soluble and readily 
mobilize in both surface and ground waters, 
excess nutrients can accumulate in rivers, 
lakes, and estuaries. These high nutrient con-
centrations negatively affect water quality by 
contributing to eutrophication (i.e., excessive 
primary productivity -such as phytoplankton 
or algae blooms- in estuarine waters) and 
related deficiencies in dissolved oxygen (DO) 
that are called “hypoxic” when DO is low in 
the water column and “anoxic” when DO is 
absent. Eutrophication and hypoxic/anoxic 
conditions directly and indirectly affect fish, 
wildlife, and human communities. 

Another nutrient, silica, is a product of geo-
logical weathering and erosion. Silica is also 
used by planktonic organisms that are vitally 
important to the ocean/estuarine food web. 
DeMaster (1991) estimated that “siliceous” 
biota (i.e. plants and animals that require sil-
ica for proper physiological development) ac-
count for as much as one-third of the world’s 
oceans’ primary productivity. 

Silica is also an indicator of water quality 
in estuaries. For example, “silica-limiting” 
systems (i.e., estuaries in which the limit-
ed availability of silica constrains primary 
production) are often associated with the 
over-enrichment of nitrogen or phosphorus 
(USEPA 2014). 

Further, the availability of silica in estuarine 
waters ensures a healthy mix of plankton 
species, reducing the likelihood that shifts 
in plankton communities will have delete-
rious consequences. When both nitrogen 
and phosphorus are overabundant and silica 
is limited, the disproportionate growth of 
non-diatom populations may produce harm-
ful algal blooms such as toxic red and brown 
tides (Schaffner et al. 2007).

Lastly, chlorophyll a is a measure of phyto-
plankton biomass in the estuary. Like land 
plants, phytoplankton growth requires carbon 
dioxide, sunlight, and nutrients. Nutrient en-
richment in the estuary causes phytoplankton 
and other plankton populations to expand 
rapidly (plankton blooms), which provide 
higher taxa (e.g., invertebrates, fish, whales) 
with an abundant food source. However, 



9-81Water Quality in the Coos Estuary and the Lower Coos Watershed

overly large plankton blooms can cause an ac-
cumulation of dead phytoplankton that leads 
to a subsequent bloom in oxygen-metaboliz-
ing decomposers. Large scale decomposition 
in the water column reduces the availability 
of dissolved oxygen which, in turn, affects 
higher taxa while also decreasing the water 
clarity needed for submerged aquatic vegeta-
tion to grow.

In studies of nutrient-related water quality, 
the Coos estuary, for the most part, compares 
well with other Oregon estuaries. In a 2009 
report by USEPA’s Western Ecology Division, 
Lee II and Brown reported that rainy season 
DIN concentrations in the Coos estuary were 
generally lower than six other Oregon coast 
estuaries. Conversely, during the dry season, 
Coos estuary ammonium concentrations 
ranked 2nd highest. The Coos estuary was 
ranked 4th for combined dry season nitrate 
and nitrites at salinities greater than 5. For 
phosphorus, the Coos system has the lowest 
loading by volume of the seven Oregon estu-
aries sampled but had the highest dry season 
orthophosphate ranking (PO4 median = 0.9 
μM)(Lee II and Brown 2009).

References

Armbrust, E.V., J.A. Berges, C. Bowler, C.R. 
Green, D. Martinez, N.H. Punam, et al. 2004. 
The genome of the diatom Thalassiosira 
pseudonana: ecology, evolution, and metabo-
lism. Science 306. 5693: 79-86.

Brown, C.A., W.G. Nelson, B.L. Boese, T.H. 
DeWitt, P.M. Eldridge, J.E. Kaldy, H. Lee II, J.H. 
Power, and D.R. Young. 2007. An Approach 
to Developing Nutrient Criteria for Pacific 
Northwest Estuaries: A Case Study of Yaquina 
Estuary, Oregon. USEPA Office of Research 
and Development, National Health and 
Environmental Effects Laboratory. Western 
Ecology Division. Retrieved from: http://www.
epa.gov/wed/pages/publications/authored/
EPA600R-07046AnApproachToDevelopingNu-
trientCriteria.pdf

Brown, C.A. and R.J. Ozretich. 2009. [as cited 
from Lee II and Brown 2009] Coupling be-
tween the coastal ocean and Yaquina Bay, 
Oregon: importance of oceanic inputs relative 
to other sources. Estuaries and Coasts 32: 
219-237.

Colbert, D. and J. McManus. 2003. Nutrient 
Biochemistry in an Upwelling-Influenced Es-
tuary of the Pacific Northwest (Tillamook Bay, 
Or.). Estuaries. 26.5: 1205-1219. 

Confederated Tribes of Coos, Lower Umpqua, 
and Siuslaw Indians (CTCLUSI). 2010. Interme-
diate Tribal Water Quality Assessment Report. 
CTCLUSI Department of Natural Resources, 
Coos Bay OR. 33 pp. Retrieved from: http://
ctclusi.org/natural-resources/water-quali-
ty-program

Confederated Tribes of Coos, Lower Umpqua 
and Siuslaw Indians (CTCLUSI). 2012. Inter-
mediate Tribal Water Quality Assessment 
Report for the Confederated Tribes of Coos, 
Lower Umpqua and Siuslaw Indians. CTCLUSI 
Department of Natural Resources, Coos Bay 
OR. 28 pp. Retrieved from: http://ctclusi.org/
natural-resources/water-quality-program



9-82 Water Quality in the Coos Estuary and the Lower Coos Watershed

Confederated Tribes of Coos, Lower Umpqua 
and Siuslaw Indians (CTCLUSI). 2013. Inter-
mediate Tribal Water Quality Assessment 
Report for the Confederated Tribes of Coos, 
Lower Umpqua and Siuslaw Indians. CTCLUSI 
Department of Natural Resources, Coos Bay 
OR. 28 pp. Retrieved from: http://ctclusi.org/
natural-resources/water-quality-program

Confederated Tribes of Coos, Lower Umpqua 
and Siuslaw Indians (CTCLUSI). 2014. Inter-
mediate Tribal Water Quality Assessment 
Report for the Confederated Tribes of Coos, 
Lower Umpqua and Siuslaw Indians. CTCLUSI 
Department of Natural Resources, Coos Bay 
OR. 30 pp. Retrieved from: http://ctclusi.org/
natural-resources/water-quality-program

Cornu, C. E., J. Souder, J. Hamilton, A. Helms, 
R. Rimler, B. Joyce, F. Reasor, T. Pedersen, E. 
Wright, R. Namitz, J. Bragg, and B. Tanner. 
2012. Partnership for Coastal Watersheds 
State of the South Slough and Coastal Fron-
tal Watersheds. Report prepared for the 
Partnership for Coastal Watersheds Steering 
Committee. South Slough National Estuarine 
Research Reserve and Coos Watershed Asso-
ciation. 225 pp.

Dalton, M. M., P. W. Mote, and A. K. Snover 
[Eds.]. 2013. Climate Change in the North-
west: Implications for Our Landscapes, Wa-
ters, and Communities. Washington, DC: 

DeMaster, D. J. 1991. Measuring biogenic 
silica in marine sediments and suspended 
matter. Geophysical Monograph Series, 63, 
363-367.

Iles, Alison C., Tarik C. Gouhier, Bruce A. 
Menge, Julia S. Stewart, Alison J. Haupt, and 
Margaret C. Lynch. 2011. Climate-driven 
Trends and Ecological Implications of Event-
scale Upwelling in the California Current 
System. Climate Change Biology. 18: 783-796.

Lee II, H. and Brown, C.A. (eds.) 2009. Classifi-
cation of Regional Patterns of Environmental 
Drivers And Benthic Habitats in Pacific North-
west Estuaries. U.S. EPA, Office of Research 
and Development, National Health and 
Environmental Effects Research Laboratory, 
Western Ecology Division. EPA/600/R-09/140.

Martin-Jezequel, V., M. Hildebrand, and 
M.A. Brzezinski. 2000. Silicon metabolism in 
diatoms: implications for growth. Journal of 
Phycology, 36 (5). pp. 821-840. 

National Oceanic and Atmospheric Adminis-
tration (NOAA). 1998. NOAA’s Estuarine Eu-
trophication Survey, Volume 5: Pacific Coast 
Region. Silver Spring, MD: Office of Ocean 
Resources Conservation and Assessment. 75 
pp.

National Oceanographic and Atmospheric 
Administration, National Weather Service 
(NWS). 2014. [KOTH station, North Bend, 
OR]. Raw data. MesoWest (distributor). 
Retrieved from: http://mesowest.utah.
edu/cgi-bin/droman/download_ndb.cgi?st-
n=KOTH&hour1=22&min1=56&timetype=LO-
CAL&unit=0&graph=0

O’Higgins, T. and S. S. Rumrill. 2007. Tidal and 
Watershed Forcing of Nutrients and Dissolved 
Oxygen Stress within Four Pacific Coast Estu-
aries: Analysis of Time-Series Data collected 
by the National Estuarine Research Reserve 
System-Wide Monitoring Program (2000-
2006) within Padilla Bay (WA), South Slough 
(OR), Elkhorn Slough (CA), and Tijuana River 
estuary (CA). Final Report Submitted to the 
NOAA/UNH Cooperative Institute for Coast-
al and Estuarine Environmental Technology 
(CICEET). 

Oregon Department of Environmental Qual-
ity (ODEQ). 1999. CEMAP 1999 Water. [Raw 
data]. Available online http://deq12.deq.
state.or.us/lasar2/ 



9-83Water Quality in the Coos Estuary and the Lower Coos Watershed

Oregon Department of Environmental Qual-
ity (ODEQ). 2001. [CEMAP 2001 Water]. Raw 
data. Retrieved from: http://deq12.deq.state.
or.us/lasar2/

Oregon Department of Environmental Qual-
ity (ODEQ). 2004. [CEMAP 2004 Water]. Raw 
data. Retrieved from: http://deq12.deq.state.
or.us/lasar2/

Oregon Department of Environmental Quality 
(ODEQ). 2006. [South Fork Coos River Sum-
mer Synoptic 2006]. Unpublished raw data. 
Retrieved from: http://deq12.deq.state.or.us/
lasar2/

Oregon Department of Environmental Qual-
ity (ODEQ). 2007. [Isthmus Slough/South 
Fork Coos DO Study]. Unpublished raw data. 
Retrieved from: http://deq12.deq.state.or.us/
lasar2/

Oregon Department of Environmental Qual-
ity (ODEQ). 2009. [Millicoma River TMDL DO 
Study 2009]. Unpublished raw data. Retrieved 
from: http://deq12.deq.state.or.us/lasar2/

Oregon Watershed Enhancement Board 
(OWEB). 1999. “Chapter VIII: Water Quality 
Assessment”. In Oregon Watershed Assess-
ment Manual (p. VIII1-21). Salem, OR. Re-
trieved from: http://www.oregon.gov/OWEB/
pages/docs/pubs/or_wsassess_manuals.aspx

Otzen, Daniel. 2012. The role of proteins in 
biosilicifation. Scientifica 2012. [article ID 
867562]. Accessed 17 June, 2014. Retrieved 
from: http://www.hindawi.com/journals/sci-
entifica/2012/867562/abs/ 

Peterson, William T., Cheryl A. Morgan, Jay 
O. Peterson, Jennifer L. Fisher, Brian J. Burke, 
and Kurt Fresh. 2013. Ocean Ecosystem Indi-
cators of Salmon Marine Survival in the North 
California Current. [Prepared by the North-
west Fisheries Science Center of NOAA and 
Oregon State University]. Accessed 12 June, 
2014. Available http://www.nwfsc.noaa.gov/
research/divisions/fe/estuarine/oeip/docu-
ments/Peterson_etal_2013.pdf

Quinn, H., D. T. Lucid, J. P. Tolson, C. J. Klein, 
S. P. Orlando, and C. Alexander. 1991. Suscep-
tibility and Status of West Coast Estuaries to 
Nutrient Discharges: San Diego Bay to Puget 
Sound. Summary Report. NOAA/EPA. Rock-
ville, MD. 35 p.

Round, F. E., R. M. Crawford, and D. G. Mann. 
1990. The Diatoms. Cambridge University 
Press, Cambridge.

Rumrill, S. S. 2003. The Ecology of the South 
Slough Estuary: Site Profile of the South 
Slough National Estuarine Research Reserve. 
South Slough National Estuarine Research 
Reserve, Charleston, OR. 258 p.

Schaffner, L.C., I. C. Anderson, M. M. Z. Bry-
lawski, J. W. Stanhope and D. J. Gillett. 2007. 
Assessing shallow water habitat quality and 
ecosystem function in estuaries: Chesapeake 
Bay example. DVD produced for the Strategic 
Environmental Research and Development 
Program. Project CS-1335. Virginia Institute of 
Marine Science, The College of William and 
Mary. Retrieved from: http://web.vims.edu/
bio/shallowwater/physical_characteristics/
nutrients.html

Sigleo, A. and W. Frick. 2003. Seasonal Vari-
ations in River Flow and Nutrient Concentra-
tions in a Northwestern Watershed. Proceed-
ings of the First Interagency Conference on 
Research in the Watersheds, Benson, Ariz, pp. 
370-376.Retrieved from: http://www.tucson.
ars.ag.gov/icrw/Proceedings/Sigleo.pdf



9-84 Water Quality in the Coos Estuary and the Lower Coos Watershed

Sigmon C.L.T., L. Caton, G. Coffeen, and S. 
Miller. 2006. Coastal Environmental Monitor-
ing and Assessment Program. The Condition 
of Oregon’s Estuaries in 1999, a Statistical 
Summary. Oregon Department of Environ-
mental Quality, Laboratory. 

System-Wide Monitoring Program data 
(SWMP). 2012. SWMP: South Slough Nutrient 
Data (2002-2012). Accessed March, 2014 at 
the Estuarine and Coastal Sciences Laboratory 
of South Slough NERR.

United States Environmental Protection Agen-
cy (USEPA). 2010. Nutrients in Estuaries: A 
Summary Report of the National Estuarine Ex-
perts Workgroup 2005-2007.  Retrieved from: 
http://www2.epa.gov/sites/production/files/
documents/nutrients-in-estuaries-novem-
ber-2010.pdf

United States Environmental Protection Agen-
cy (USEPA). 2012. National Coastal Condition 
Report IV. US EPA Office of Wetlands, Oceans 
and Watersheds, Washington DC. 334p. 
Retrieved from: http://water.epa.gov/type/
oceb/assessmonitor/nccr/

United States Environmental Protection 
Agency (USEPA). 2014. “Chapter 4: Variables 
and Measurement Methods To Assess and 
Monitor Estuarine/Marine Eutrophic Condi-
tions”. In Nutrient Criteria Technical Guidance 
Manual: Estuarine and Coastal Waters (p4-1 - 
4-17). Retrieved from: http://www2.epa.gov/
nutrient-policy-data/nutrient-criteria-tech-
nical-guidance-manual-estuarine-and-coast-
al-waters



9-85Water Quality in the Lower Coos Watershed

Bacteria in the Coos Estuary

What’s happening?

Several types of fecal bacteria are monitored 
as indicators of water quality status (Table 
1). These bacteria are not generally harmful 
but they can indicate the presence of dis-
ease-causing bacteria, viruses, and protozoans 
that also inhabit animal and human feces. 
Methods for determining the presence of dis-
ease-causing pathogens in water are difficult, 
costly and time consuming. Therefore, rela-

Summary: 
 � Bacteria concentrations are 

highly variable depending on the 
sampling location in the Coos 
estuary and surrounding stream 
systems. 

 � Approximately 20% of the 
sampling sites (17 of 84) did not 
meet state standards established 
for commercial fishing (including 
shellfish cultivation).

 � Higher bacteria concentrations 
are typically correlated to areas of 
lower salinity and where land uses 
are likely sources of fecal coliform 
bacteria (e.g., sewage treatment, 
stormwater outfalls, grazing lands, 
areas where wildlife congregate). 

Subsystems: SS = South Slough; LB = Lower Bay; 
PS = Pony Slough; NS = North Slough; HI = Haynes 
Inlet; UB = Upper Bay; IS = Isthmus Slough; 
CS = Catching Slough; CR = Coos River
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tively easy and cost-effective tests using the 
presence and abundance of fecal coliforms 
and Enterococci spp. (all found in human and 
animal feces) are used as indicators of patho-
gens to evaluate water quality. 

This data summary describes the results of 
current and historic bacteria monitoring in 
the Coos estuary. We report on streams listed 
by the United States Environmental Protec-
tion Agency (USEPA) for high bacteria concen-
trations, analyze and report on data indicat-
ing the presence of storm runoff-enhanced 
bacteria levels, and summarize research 
investigating the local sources of bacteria 
(both human-generated and natural). We 
also analyze and report on data collected by 
the Oregon Department of Agriculture (ODA)
(related to shellfish growing waters), the 
Confederated Tribes of Coos, Lower Umpqua 
and Siuslaw Indians (CTCLUSI)(focused on 
sites in the lower bay and South Slough), and 
the South Slough National Estuarine Research 

Reserve (SSNERR)(focused on South Slough). 
Limited stream data are reported for three 
streams in the South Slough watershed.
Listed Streams

All project area subsystems include water 
bodies that are 303(d) listed under USEPA’s 
Clean Water Act for high bacteria concen-
trations (Figure 1). High fecal coliform levels 
are a concern for waters where commercial 
shellfish are grown, while E. coli listings indi-
cate human contact concerns in recreational 
waters. In all subsystems, eight water bodies 
totaling approximately 30 miles are consid-
ered impaired for E. coli. For fecal coliform, 28 
water bodies and nearly 158 miles of water 
are impaired. Five water bodies are listed as 
having insufficient data to determine if they 
are meeting bacteria standards (i.e., they may 
or may not be impaired)(three for E. coli and 
two for fecal coliform). 

Table 1. Accepted standards and explanation of common bacterial forms that are monitored for water quality purposes.

Total Maximum Daily Load (TMDL)

According to USEPA’s website TMDL is 

“a calculation of the maximum amount of a 

pollutant that a water body can receive and still 

safely meet water quality standards.”
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Storm-Related Bacteria and Total Maximum
Daily Load Bacteria Data

We summarized Coos Bay Storm-Related Bac-
teria and Total Maximum Daily Load (TMDL- 
see sidebar) datasets from the Oregon 
Department of Environmental Quality (ODEQ 
2006, 2007)(Figures 2-5). The storm-relat-
ed bacteria data were collected in January 
and October 2007 and the TMDL data were 
collected in February, March, April, Novem-
ber, and December 2001-2005 (months vary 
depending on the year) and June, August, and 
September 2006. South Slough results only 
included TMDL data.

Bacteria concentrations associated with storm 
events were not higher than the TMDL sam-
ples. Indeed, results here show that storm-re-
lated bacteria concentrations were lower 
than TMDL for many sites, such as Larson 
Creek (LCB), Willanch Creek (WCM), and Ross 
Slough (RS) in Figures 2, 3, and 4. Although 
not specifically associated with storms, most 
of the TMDL samples (2001-2005) were taken 
during the rainy season (Nov –Apr) with the 
exception of 2006 samples (Jun-Sept), so 
sample timing may be one reason the differ-
ence between the two is not especially great. 
Generally, sites with high levels of bacteria 
during storm-associated sampling also had 
high levels in the TMDL samples (Fig. 2-4). 
There was more variability in bacteria levels 
in the TMDL datasets for all three bacteria 

Figure 1. Streams listed as im-
paired for bacteria (303 (d) listed) 
under the Clean Water Act. Dot 
signifies the start of the stream 
segment that is listed while line 
shows extent of impaired stream. 
Category 3 indicates streams 
where insufficient data exist to 
make a determination if the water 
body is meeting water quality 
standards; category 5 indicates 
streams that are water quality 
impaired for bacteria. Report 
subsystems delineated and labeled 
in blue. Data: ODEQ 2014
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types compared to the storm-related datasets 
- likely due to seasonal variation. 

Storm-related E. coli bacteria results fell short 
of meeting state bacteria standards (see Table 

1) at 12 sites: Pony Creek south of North Bend 
High School (PoC), Pony Slough at Coca Cola 
Bottling Plant (PoCC), North Slough upstream 
of tide gate (NSTG), Palouse Creek at mouth 
(PCM), Larson Creek at mouth (LCB), Larson 

Figure 2. Box plots of E. coli concentrations for ODEQ Storm Related Bacteria in 2007 compared to ODEQ TMDL datasets 2001-
2006 for Coos estuary sites, ordered from lower to upper Coos Bay. Gray boxes represent middle half of the dataset (top boundary 
is 25th percentile; bottom is 75th). Red lines within boxes indicate mean bacteria concentrations and black lines are median 
concentrations. Error bars represent 90th (top) and 10th (bottom) percentiles for sites with 9 samples or more. Black circles are 
outliers. Dark red dash line indicates ODEQ criteria for E. coli: No single sample may exceed 406 organisms/100 ml. See Figure 6/
Table 2 for map and site codes. Data: ODEQ 2006, 2007.
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Creek at first bridge upstream of mouth 
(LCB1), Kentuck Creek at mouth (KCM), Mett-
man Creek at mouth (MC), Noble Creek at 
tide gate (NCTG), Ross Slough at Ross Slough 
Road (RS), Stock Slough at mouth (StSM), and 
Catching Slough at Lone Tree Bridge (CSLTB)

(Figures 2 and 6). These sites are located 
higher in the watershed and thus bacteria lev-
els are likely driven by land use and facilitated 
by lower salinities than sites located in the 
estuary or lower watershed. 

Figure 3. Box plots of Total Coliform concentrations for ODEQ Storm Related Bacteria in 2007 compared to ODEQ TMDL datasets 
2001-2006 for Coos estuary sites, ordered from lower to upper Coos Bay. Gray boxes represent middle half of the dataset (top 
boundary is 25% percentile; bottom is 75th). Red lines within boxes indicate mean bacteria concentrations and black lines are me-
dian concentrations. Error bars represent 90th (top) and 10th (bottom) percentiles for sites with 9 samples or more. Black circles 
are outliers. See Figure 6/Table 2 for map and site codes. Data: ODEQ 2006, 2007.
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TMDL E. coli bacteria results fell short of 
meeting state bacteria standards at 18 sites: 
Pony Creek south of North Bend High School 
(PoC), Pony Slough at Coca-Cola Bottling 
Plant (PoCC), North Slough at mouth (NSM), 
Palouse Creek at mouth (PCM), Larson Creek 
at mouth (LCB), Larson Creek at first bridge 

upstream of mouth (LCB1), Sullivan Creek at 
mouth (SCM), Kentuck Creek at mouth (KCM), 
Mettman Creek at mouth (MC), Willanch 
Creek at mouth (WCM), Coalbank Slough 
at tide gate (CoTG), Shinglehouse Slough 
at mouth (ShSM), Noble Creek at tide gate 
(NCTG), Ross Slough at Ross Slough Road 

Figure 4. Box plots of Fecal Coliform concentrations for ODEQ Storm Related Bacteria in 2007 compared to ODEQ TMDL datasets 
2001-2006 for Coos estuary sites, ordered from lower to upper Coos Bay. Gray boxes represent middle half of the dataset (top 
boundary is 25% percentile; bottom is 75th). Red lines within boxes indicate mean bacteria concentrations and black lines are me-
dian concentrations. Error bars represent 90th (top) and 10th (bottom) percentiles for sites with 9 samples or more. Black circles 
are outliers . See Figure 6/Table 2 for map and site codes. Data: ODEQ 2006, 2007.



9-91Water Quality in the Lower Coos Watershed

Figure 5. Box plots of E. coli, Total Coliform, and Fecal Coliform 
concentrations for ODEQ TMDL datasets 2001-2006 for South 
Slough; sites are ordered from north to south. Gray boxes 
represent middle half of the dataset (top boundary is 25th 
percentile; bottom is 75th). Red lines within boxes indicate 
mean bacteria concentrations and black bars are median con-
centrations. Error bars represent 90th (top) and 10th (bottom) 
percentiles for sites with 9 samples or more. Black circles are 
outliers. Dashed line (top graph only) indicates ODEQ criteria 
for E. coli: No single sample may exceed 406 organisms/100 ml. 
See Figure 6/Table 2 for map and site codes. Data: ODEQ 2006, 
2007.

(RS), Stock Slough at mouth (StSM), Catch-
ing Slough at Lone Tree Bridge (CSLTB), and 
two South Slough sites, Hallmark Seafood on 

South Slough West Side (SSHSW) and Win-
chester Creek at Hinch Rd Bridge (SSWC)(Fig. 
2, 5, 6). With the exception of 4 sites (SCM, 
WCM, CoTG, ShSM), those sites with high 
levels of E. coli bacteria in storm-related sam-
pling also had high levels in TMDL sampling. 
Many of these sampling sites are higher in the 
watershed and more heavily influenced by 
land use and characterized by fresher water 
than lower estuary sites. In general, South 
Slough, Coos estuary, and sites in the lower 

 

Box Plots (or Whisker and Box Plots)

Useful for graphing data that are highly 

variable, box plots help compare a range 

of data values (i.e., distribution) and 

identify outliers. Box plots also show 

median values in the data, which can be 

useful for interpreting highly variable 

results. 

The “box” indicates the middle 50% of 

the data values; the full range of values 

from the rest of the data is indicated as 

“whiskers” that in normal box and whisker 

plots, or in Tukey-style box plots, are an 

additional 1.5 x the width of the box (i.e., 

1.5 x the “interquartile” range).

In Tukey-style box plots outliers outside 

the range of the whiskers are also shown 

(represented by points outside the box and 

whisker plot).
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Figure 6. (left) Loca-
tion and condition of 
Storm-Related and 
TMDL E. coli bacteria 
sampling sites.

Table 2. (below). Site 
codes and names 
for Storm-Related 
and TMDL bacteria 
sampling sites.
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watershed show much lower bacteria con-
centrations compared to smaller sloughs and 
upper watershed creek sites (Figures 2-6). 
Mean and median E. coli levels fell below 215 
MPN/100 mL for Coos Bay lower watershed 
and main estuary sites and South Slough with 
the exception of one site, Hallmark Seafood 
on South Slough West Side (SSHSW)(Fig. 2, 5).

Overall, highest total coliform and fecal co-
liform mean values occurred at Ross Slough 
(RS) and Stock Slough (StSM)(Fig. 3, 4 TMDL); 
and Hallmark Seafood on South Slough West 
Side (SSHSW)(Fig. 5). In addition, Coalbank 
Slough at tide gate (CoTG), North Slough 
at mouth (NSM), Kentuck Creek at mouth 
(KCM), Larson Creek at first bridge upstream 
of mouth (LCB1), Mettman Creek at mouth 
(MC) and Willanch Creek at mouth (WCM) all 
had high levels of total coliforms for TMDL 
data (Fig. 3). Some of the lowest fecal coli-

form levels were at South Slough sites (<60 
CFU/100 mL), with the exception of Day Creek 
(DC)(mean = 208 CFU/100 mL), Winchester 
Creek Bridge (SSWC)(mean = 236 CFU/100 
mL), and Hallmark Seafood (SSHSW)(mean = 
48,517 CFU/100 mL)(Fig. 5). 

Bacteria Sources

A joint study conducted by the Coos Water-
shed Association (CoosWA), SSNERR, and 

Figure 7. E. coli microbial source tracking results shown as 
a percentage of bacterial samples collected in Pony Creek, 
Coalbank Slough, and Sengstacken arm of South Slough. Data: 
Souder 2003.

 

What does CFU/100 mL and MPN/100 mL 

mean?

CFU stands for ‘Colony Forming Units’ and 

refers to the number of viable bacterial cells 

in a sample per unit of volume (i.e., only live 

cells). For example: 50 CFU/100 mL means 50 

Colony Forming Units per 100 mL of sample. 

MPN stands for ‘Most Probable Number’ and 

refers to a method that uses dilution cultures 

and a probability calculation to determine 

the approximate number of viable cells in a 

given volume of sample; this measurement 

is useful when samples contain too few 

organisms for agar plates to be used or when 

organisms will not grow on agar. 

Bacteria units – including CFU, counts, organ-

isms, and MPN – are considered equivalent 

measures of bacteria concentration.

Sources: APHA 1998, USEPA 2001
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Marshfield High School investigated bacteria 
concentrations and sources in three locations 
in the Coos estuary: Pony Creek, Coalbank 
Slough, and the Sengstacken arm of South 
Slough (Figure 7)(Souder 2003). Investigators 
used DNA-based microbial source tracking 
methods to compare total coliforms, fecal co-
liforms, and E. coli concentrations in estuary 
water samples from July 2000 to June 2002.

Overall, Pony Creek had the highest average 
total coliform (5,089 MPN/100 mL), while 
Coalbank Slough had the highest average con-
centrations of fecal coliform and E. coli (349 
CFU/100 mL and 237 MPN/100 mL respec-
tively)(Table 3). Sengstacken arm consistently 
had lowest bacteria levels of all three sites.

Microbial source tracking results found that 
the most common source of bacteria at all 
three sites was from birds (avian sources) – 
responsible for 46% of all bacteria at Pony 
Creek, 39% at Coalbank Slough and 43% at 
Sengstacken arm (Figure 7).

Pony Creek also had high concentrations of 
bacteria from canines (15% dogs, coyotes, 
foxes) and rodents (13%) while Coalbank 

Slough had high concentrations from humans 
(16%), canines (11%), and deer/elk (11%), and 
Sengstacken from deer/elk (16%), rodents 
(16%), and canines (11%)(Figure 7). 

Bacteria in Shellfish Growing Areas 

Oregon Department of Agriculture (ODA) 
samples for fecal coliforms at several sites 
near commercial shellfish cultivation areas 
in the Coos estuary (including the Upper Bay, 
Lower Bay, North Slough, Haynes Inlet, and 
South Slough subsystems)(Figure 8) once per 
month on average. During shellfish harvest, 
the fecal coliform samples must meet ODEQ 
bacteria criteria for marine and estuarine 
shellfish growing waters; they cannot have a 
median concentration higher than 14 organ-
isms per 100 mL, and no more than 10% of 
samples may exceed 43 organisms per 100 
mL. Data summarized below are from 1999-
2014. 

Overall, median bacteria concentrations were 
relatively low and met regulatory standards. 
In Coos Bay (all non-South Slough sampling 
sites), the average concentration of fecal co-
liform bacteria at all sites was between 3 and 
14 organisms/100 mL. The median concentra-

Table 3. Summary statistics from the traditional public health bacteria indicators at the three E. coli DNA sample locations. TC = 
Total coliform; FC = Fecal coliform; EC = E. coli. TC and EC units are MPN/100 mLs; FC units are CFU/100 mLs. Arithmetic Mean is 
the average. From: Souder 2003.
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Figure 8. ODA Fecal Colifrm 
sampling sites in Coos Bay 
and South Slough. Green 
symbols indicate sites that 
met ODEQ standards shell-
fish growing waters; Red 
symbols indicate sites that 
did not meet the standards.

Figure 9. Tukey-style box plots 
of fecal coliform concentrations 
from ODA Coos Bay shellfish 
growing sampling sites from 
1999-2014. Shaded gray box 
represents middle 50% of the 
data. Central black line (within 
gray box) indicates median 
value. Upper and lower black 
bars bound 99.3% of normal 
distribution data. Outliers out-
side this coverage are shown 
as open red circles. One outlier 
was outside the scale of this 
figure; value is indicated above 
arrow at the top. Short blue 
dashed line indicate ODEQ 
standard: 10% of samples may 
not exceed 43 organisms/10mL. 
Long blue dash line indicate 
ODEQ standard of median 14 
organisms/100mL. Data: ODA 
2014
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tions were between 2 and 7 organisms/100 
mL (Figure 9). The percent of samples that 
were greater than 43 organisms/mL (all years 
combined) were low and ranged from 0-7%, 
at no time exceeding the criterion of great-
er than 10% of samples. Similarly, for South 

Slough, the average concentration of fecal 
coliform bacteria at all sites ranged from 
5 to 21 organisms/100 mL (Figure 10). The 
median concentrations fell between 4 and 
8 organisms/100 mL. The percent samples 
greater than 43 organism/mL were low and 

Figure 10. Tukey-style box 
plots of fecal coliform 
concentrations from ODA 
South Slough shellfish 
growing sampling sites 
from 1999-2014. Shaded 
gray box represents middle 
50% of the data. Black line 
within gray box indicates 
median value. Upper and 
lower bars bound 99.3% 
of normal distribution 
data. Outliers outside this 
coverage are shown as 
open red circles. Several 
outliers were outside the 
scale of this figure and 
values are indicated above 
arrows at the top. Short 
blue dashed line indicate 
ODEQ standard: 10% of 
samples may not exceed 
43 organisms/10mL. Long 
blue dash line indicate 
ODEQ standard of median 
14 organisms/100mL. Data: 
ODA 2014

Table 4. Median monthly fecal coliform at each ODA shellfish sampling site in A. Coos Bay and B. South Slough from 1999-2014. 
Beige bars indicate relative fecal coliform concentration. Red values indicate exceedance of ODEQ standard of median 14 organ-
isms/100mL. Data: ODA 2014
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ranged from 2-11%. The only site not meeting 
the percent samples standard when all years 
were combined was Sengstacken-Mid. Over 
the 15 year sampling period, bacteria con-
centrations remained relatively stable for all 
sites with linear regression slopes near zero 
(-0.0038 to 0.0056). Coos estuary sites with 
slightly positive slopes (bacteria levels slightly 
increasing) include Marker 7 and Willanch 
Inlet, and the majority of South Slough sites 
had slightly increasing slopes. The 16 remain-
ing Coos Bay sites had slightly negative slopes, 
as did the following South Slough sites: Han-
son’s Landing, Valino SW, Valino NW, Joe Ney 
Mouth, Joe Ney Lwr, and Graveyard Hole.

When median monthly values were calcu-

lated for all years, no clear month or season 
emerged as having highest bacteria levels at 
all sites (Table 4). Higher winter month values 
occur at many Coos Bay sites (e.g., Decem-
ber and January at Marker 7 and Marker 11) 
while some of the highest medians overall 
were during summer months in South Slough 
(e.g., July at Sengstacken Mouth, Sengstacken 
Mid, and Winchester).

Lower Bay Bacteria Monitoring

CTCLUSI began monitoring bacteria concen-
trations in the Coos estuary in 2006 at their 
water quality monitoring site near the U.S. 
Bureau of Land Management (BLM) boat 
ramp on North Spit, followed by their Empire 

Figure 11. Bacteria 
concentrations at 
sites in the Lower Bay 
subsystem collected 
monthly by CTCLUSI 
(sites: BLM and EMP) 
and in South Slough 
by staff at SSNERR 
(sites: BH, CH, VA, WI). 
Three sites (JN-S, EC-S, 
WI-S) were stream sites 
sampled by CoosWA in 
2010 as part of the State 
of the South Slough 
and Coastal Frontal 
Watersheds report. Sites 
were compared to ODEQ 
standards for E. coli or 
USEPA standards for 
Enterococcus. Site codes: 
BLM - BLM boat ramp, 
EMP: Empire Dock; BH: 
Boathouse, CH: Charles-
ton, VA: Valino Island, 
WI: Winchester Creek; 
EC-S: Elliot Creek, JN-S: 
Joe Ney Slough; WI-S: 
Winchester Creek south. 
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Dock site in 2008 (Figure 11). Both E. coli and 
Enterococcus concentrations were monitored 
monthly. Data reported here were derived 
from their annual reports (CTCLUSI 2007, 
2008, 2009, 2010, 2011, 2012, 2013).

Average monthly E. coli bacteria concentra-
tions at the BLM station ranged from 5 to 25 
MPN/100 mL and median values were 5 to 
15.3 MPN/100 mL. Average monthly Entero-
coccus concentrations at the BLM station 
ranged from 1.1 to 32.9 MPN/100 mL while 
median values were 0 to 5 MPN/100 mL)
(Figure 12).

At the Empire Dock station, average monthly
E. coli levels ranged from 5 to 13.9 MPN/100 
mL while median values were 5 (< 10) to 15 
MPN/100 mL. Average monthly Enterococcus 
values ranged from 3.3 to 20.5 MPN/100 mL; 
median values were 0 to 18 MPN/100 mL 
(Figure 12).

Figure 12. Monthly average E. 
coli and Enterococcus bacteria 
concentrations sampled at two 
sites in the Lower Bay subsystem 
by CTCLUSI. Gray dashed line is 
federal standard for Enterococcus; 
black dashed line is ODEQ E. coli 
standard for fresh and estuarine 
non-shellfish growing waters. 
Data: CTCLUSI 2007, 2008, 2009, 
2010, 2011, 2012, 2013

Overall, both E. coli and Enterococcus levels 
were higher at the BLM station (average 13.8 
and 9.0 MPN/100 mL respectively) than at 
Empire Dock (average 8.9 and 6.4 MPN/100 
mL respectively). 

There was no direct correlation between rain-
fall events and high levels of bacteria at either 
site, although some rain events were associ-
ated with slightly higher bacteria concentra-
tions (Figure 12).

All samples at both stations fell well below 
ODEQ single sample standard; maximum 
E. coli bacteria concentrations at the BLM 
station were 197 MPN/100 mL and were 40 
MPN/100 mL at Empire Docks (Figure 12).
 
The federal standard of no single sample 
exceeding 158 Enterococcus organisms/100 
mL for Moderate Use Coastal Recreation 
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Figure 13. Tukey-
style boxplots of 
average annual total 
coliform concentra-
tions at high tide 
(left) and low tide 
(right) with daily 
rainfall at four South 
Slough sampling 
stations from 2004 
to 2013. Shaded 
tan boxes represent 
middle 50% of the 
data. Black lines 
within tan boxes 
indicate median 
value. Upper and 
lower bars delineate 
normal distribution 
data. Outliers out-
side this coverage 
are shown as open 
red circles; red 
asterisks indicate 
outliers off the 
scale of the graphs. 
Rainfall is shown as 
blue bars behind the 
box plots. Bacteria 
data: SSNERR 2013; 
Precipitation data: 
NWS 2014

Waters was exceeded only once during the 
seven years of CTCLUSI sampling - at the BLM 
station in 2007 (184.9 MPN/100 mL). Gen-
erally concentrations were consistently low 
(e.g., the maximum level of Enterococcus at 
the Empire Dock station across all years was 
41 MPN/100 mL).

South Slough Estuary Bacteria Monitoring

Staff at the SSNERR have conducted monthly 
bacteria concentration monitoring (total coli-
forms and E. coli) at four stations in the South 
Slough since 2004 as part of their long-term 
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System-Wide Monitoring Program (SWMP)
(Figure 11). Reported here are data from 
2004-2013.
Overall, the data were highly variable be-
tween sites, the most marine-dominated 
site (Boathouse) having lowest overall total 
coliform concentrations and lowest variability 
at both high and low tide. Bacteria concen-

Figure 14. Tukey-
style boxplots of 
average annual E. 
coli concentrations 
at high tide (left) 
and low tide (right) 
with daily rainfall at 
four South Slough 
sampling stations 
from 2004 to 2013. 
Shaded green 
boxes represent 
middle 50% of the 
data. Black line 
within green boxes 
indicates median 
values. Upper and 
lower bars delineate 
normal distribution 
data. Outliers out-
side this coverage 
are shown as open 
red circles; red 
asterisks indicate 
outliers off the scale 
of the figure; red 
exclamation points 
indicate outliers 
exceeding ODEQ’s 
criterion of 406 
organisms/100 mL. 
Rainfall is shown as 
blue bars behind the 
box plots. . Bacteria 
data: SSNERR 2013; 
Precipitation data: 
NWS 2014

trations increased up the estuary along the 
estuarine gradient peaking at the river-domi-
nated Winchester station (Figure 13). All sites 
had higher total coliform levels and higher 
variability at low tide versus high tide. 

Rainfall does not appear to have a strong rela-
tionship with bacteria levels; in fact, the years 
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Figures 15 (top) and 16 (bottom). Av-
erage monthly E. coli bacteria concen-
trations (top) and average monthly to-
tal coliform concentrations (bottom) 
with daily rainfall in South Slough 
streams. Only Winchester Creek, 
Elliot Creek and Joe Ney are discussed 
in this report – other streams are 
outside project boundaries. Dashed 
red line indicates the ODEQ standard 
for a single E. coli sample. Adapted 
from: Cornu et al. 2012 

with the highest rainfall (2006 and 2010) had 
lower total coliform levels. Linear regressions 
of medians over the nine year period show 
a weak decreasing trend at all sites, all tides. 
Winchester station at low tide had the high-
est R2 value at 0.61. 

Similar findings were seen with E. coli data, 
with Boathouse station having the lowest 
levels and least variability while Winchester 
station had the highest (Figure 14). The Win-
chester station exceeded ODEQ’s E. coli crite-
rion (no single sample > 406 organisms/100 
mL) on four occasions at low tide and once 
at high tide; it was the only station to do so. 
Higher E. coli concentrations and higher vari-

ability were found at low tide over high tide.

Again, there was no clear relationship be-
tween E. coli levels and annual rainfall, and 
linear regressions of E. coli medians had a 
weak decreasing trend at all sites, all tides. 
Valino at low tide showed the strongest cor-
relation with an R2 value of 0.42.

Bacteria Concentration in South Slough 
Streams

Stream bacteria concentrations at three 
streams collected by Cornu et al. (2012) are 
presented as the average MPN/100 mL of 
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three replicate samples per month. They 
observed a general pattern of higher E. coli 
counts during the summer season (May-Oct)
(Figure 15). Overall, most of the E. coli data 
fell below the single sample standard set by 
ODEQ for recreational freshwater and estu-
arine waters in non-shellfish growing areas, 
with Joe Ney being the single exception (425 
MPN/100mLs)(Figure 14). Joe Ney had the 
highest E. coli maximums, followed by Elliot 
Creek.

Counts for total coliforms followed the same 
general pattern as the E. coli bacteria with 
higher counts occurring in summer months 
(Figure 16). Winchester Creek had the highest 
total coliform maximum, again followed by 
Elliot Creek.

Why is it happening?

Higher bacteria counts are common (if not 
expected) during times of higher stream flows 
and rainfall because increased runoff delivers 
more nutrients and bacteria to the estuary. 
While results from the above studies include 
sites where bacteria counts increased during 
high flows and precipitation events, not all 
sites followed this pattern (e.g., see South 
Slough Estuary Bacteria Monitoring section). 

Higher summer counts possibly result from 
a combination of higher summertime water 
temperatures (which can increase bacteria 
counts) and summertime wildlife activity 
(typically more active than in other times of 
the year)(Tiefenthaler et al. 2008).

A more important factor to consider is the 
difference in landscape settings of the differ-
ent water bodies.
Souder (2003) investigated bacteria sources 
in three water bodies in our project area that 
were representative of developed, rural res-
idential, and undeveloped regions. He found 
multiple sources of bacteria contamination 
common to all three sample locations, but in 
different proportions, including wildlife (e.g., 
waterfowl), canines (e.g. domestic dogs), hu-
mans (e.g., septic failures), and livestock (e.g., 
cattle). Differences in sources at each of the 
sites was most likely linked to their associated 
land uses.

Pony Creek was characterized as an urban 
stream that receives input from three small 
tributary streams near residential and com-
mercial areas. In addition, two sewage pump 
stations and numerous stormwater outfalls 
are located near Pony Creek. Pony Creek 
easily had the highest bacteria levels overall 
of the three sites, probably due to greater 
impervious surfaces leading to higher sur-
face water runoff into the creek during the 
rainy season. Other studies have found fecal 
coliform concentrations increase with devel-
opment and associated stormwater runoff 
(directly related to amount of impervious 
surfaces), which is the leading cause of non-
point source bacteria pollution (Blair 2011).

In contrast, Coalbank Slough was character-
ized as a typical rural residential area. Live-
stock farms (horse, cattle) as well as hobby 
farms with cattle, horses, llamas, turkeys, 
sheep, and goats dominate the land use. The 



9-103Water Quality in the Lower Coos Watershed

residential area ranges from ½ to 40 acres, 
all parcels of which are on septic systems or 
cesspools. In upper parts of the watershed, 
the land is forested and typical wildlife in-
cludes elk, deer, beaver, and bear.

Similar rural residential areas of the estuary 
discussed in other studies above consistently 
had high bacteria levels (e.g., Ross Slough and 
Stock Slough from the TMDL/storm bacteria 
section above), and are similarly likely tied to 
land use (e.g., agriculture or septic failure). 

In contrast, in all studies South Slough sites 
had generally low bacteria levels. Souder 
(2003) described South Slough as relatively 
pristine with little residential or rural devel-
opment surrounded by relatively undisturbed 
marshes and second-growth upland forests 
(which are industrially harvested in the upper 
portions of the watershed). 
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Water Quality in the Coos 
Estuary and Lower Coos 
Watershed: Other Pollutants

What’s happening?

Organic Carbon in the Water Column

Total Organic Carbon

Total organic carbon (TOC) is an indicator 
of the presence and abundance of organic 
compounds in the environment and is found 
naturally in estuary waters and sediments. 
High TOC levels are often associated with the 
presence of other pollutants, including the 
toxic by-products of organic decomposition 
(ammonia and sulfide)(Hyland et al. 2005). 
Additionally, dissolved organic matter binds 

Summary: 
 � Previously problematic point sources 

of pollution may still pose threats to 
water quality. 

 � Outside of some known “pollution 
pockets” in the Coos estuary, it 
appears that concentrations of 
dissolved pollutants generally meet 
USEPA standards. 

 � Many streams in the study area are 
listed under Section 303d of the Clean 
Water Act for insufficient information. 

 � More comprehensive monitoring is 
needed to fully assess the status of 
other pollutants in the Coos estuary.
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with metals such as mercury (Swett 2010) 
and other pollutants, including pesticides and 
herbicides (Wijayaratne and Means 1984), 
as well as polychlorinated biphenyls (PCBs)
(Brownawell and Farrington 1986). Conse-
quently, TOC (more specifically the dissolved 
organic carbon (DOC) component of TOC - 
see below) may facilitate pollutant transport 
between sediments and the water column 
(Swett 2010). TOC may also result in harmful 
byproducts (i.e., trihalomethanes) during the 
water treatment process (Fleck et al. 2007). 
The presence and abundance of TOC is often 
used as an indirect measure of water quality 
and sediment contamination. 

The Oregon Department of Environmental 
Quality (ODEQ) has monitored total organic 
carbon (TOC) in the South Slough, Isthmus 
Slough, and Coos River subsystems (Figure 1)
(ODEQ 2001, 2007a, 2007b, 2009a, 2009b). 
TOC sampling is sporadic, with the most 
recent data coming from 2009 (Table 1). The 
highest TOC levels were recorded in the South 
Slough subsystem near the Joe Ney Landfill 
(closed in 2013 and most recently used exclu-
sively for construction debris)(see sidebar). 

The Coos Bay/North Bend Water board moni-
tored TOC from 2010-2012 in the Pony Slough 
(Pony Creek and Merritt Lake) and Lower Bay 
(North Spit) Subsystems as part of their drink-
ing water program (Water Board 2012). TOC 
levels in Pony Slough and the Lower Bay were 
3-4 mg/L on average over these years (Table 
2). These levels are similar to the mean ob-
served concentrations at ODEQ sites at South 
Slough, Isthmus Slough, and Coos River. 

Joe Ney Landfill

The Joe Ney Construction and Demolition 

Landfill is located near Crown Point in the 

South Slough Subsystem (Figure 1). The 

facility is owned and was operated by Coos 

County from 1981 to 2013. Past landfill prac-

tices have likely contributed to groundwater 

contamination. For example, a complaint 

was filed in 1986 by a man who allegedly 

saw a “truck dumping 55-gallon drums” 

into the Joy Ney dump “which were imme-

diately covered.” The Oregon Department 

of Environmental Quality (ODEQ) monitors 

groundwater at the site with semi-an-

nual sampling/analyses using a network 

of 18 monitoring wells, and 4 residential 

wells. Surface water is also monitored on a 

semi-annual basis with samples collected 

from 5 locations. These monitoring points 

were established between 1989 through 

1999 during the course of several environ-

mental investigations conducted at this site. 

Based on groundwater monitoring results, 

landfill activities have affected groundwa-

ter, and for that reason, Coos County has 

prepared a remedial investigation work plan 

for this site which led to the County’s closure 

of the dump.

Source: ODEQ 2014b
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Figure 1. Location of ODEQ TOC monitoring sites and range of mean observed TOC concentrations at 
each site. Data: ODEQ 2001, 2007a, 2007b, 2009a, 2009b. Color aerial photo insert shows the number 
and location of TOC monitoring sites at or near the former Joy Ney dump site. Subsystem codes: 
SS-South Slough, LB-Lower Bay, PS-Pony Slough, IS-Isthmus Slough, UB-Upper Bay, NS-North Slough, 
HI-Haynes Inlet, CR-Coos River, CS-Catching Slough. 

Table 1. Mean observed TOC and summary of all ODEQ observations (1995-2009). Data: ODEQ 2001, 2007a, 2007b, 2009a, 2009b
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Dissolved Organic Carbon 

Dissolved organic carbon (DOC) is a com-
ponent of TOC, the measurement of which 
allows for particularly accurate TOC assess-
ments in the water column. Unfortunately, 
little is known about the level of DOC in the 
Coos estuary. 

What we do know comes from Pregnall 
(1983) who studied primary production in 
South Slough to help quantify DOC produced 
by Coos estuary biota. His findings suggest 
that photosynthesis of South Slough inter-
tidal algae (Enteromorpha prolifera) releases 
0.13-0.57 mg of DOC per gram of dry weight 
biomass per hour. This rate was shown to 
increase in response to changes commonly 
associated with estuarine environments such 
as daily salinity fluctuations.

More research is needed to fully understand 
estuarine DOC dynamics in the Coos estuary 
and how measuring DOC concentrations can 
be used to improve water quality assess-
ments. 

Background

TOC can be thought of as the sum of par-
ticulate organic carbon (POC) and dissolved 
organic carbon (DOC). While POC settles in 
the sediment (see Chapter 10: Sediment 
Contamination in the Coos Estuary), DOC is 
transported from the sediment to the water 
column by a variety of natural and human 
activity-related processes (e.g., diffusion, bio-
turbation, bioirrigation, pore water advection, 
sediment resuspension)(Burdige 2006). Swett 
(2010) explains that estuarine sediments 
release significant amounts of DOC due to 
highly active microbial communities. He adds 
that, due to its ability to bind to metals such 
as mercury, DOC is a water quality concern, 
because it can effectively transport pollutants 
into the water column. Research suggests 
that organic carbon may also transport pesti-
cides and herbicides (Wijayaratne and Means 
1984) as well as biphenyls (PCBs)(Brownawell 
and Farrington 1986) into the water column 
from contaminated sediments. Additionally, 
high TOC levels in source waters have been 
shown to result in harmful water treatment 
byproducts (e.g., trihalomethanes)(Fleck et al. 
2007). 

Bauer and Bianchi (2011) explain that estuar-
ies are complex systems involving the ex-
change of carbon between terrestrial, marine, 
and atmospheric sources. They point out that 
the complexity of biogeochemical processes 

Table 2. Mean observed TOC at three Pony Slough and Lower Bay sites. Data: Water Board 2012 
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in estuaries is compounded by temporal vari-
ability. For example, estuarine biogeochem-
ical processes respond to twice daily tidal 
flooding, daily or weekly storm events, sea-
sonal or monthly changes in temperature and 
precipitation, and multi-year to decades-long 
changes in long term climatic regimes (e.g., El 
Niño Southern Oscillation and Pacific Decadal 
Oscillation). In addition to these natural pro-
cesses, estuarine carbon cycling is carried out 
against a backdrop of human land use activi-
ties, which can further complicate an already 
intricate process (Bauer and Bianchi 2011). 
Consequently, we have a limited understand-
ing of the role of DOC in governing the flux 
of organic matter and trace metals in coastal 
and estuarine systems (Martin et al. 1995).

Dissolved Metals

Metals can readily dissolve in water, and can 
find their way into estuarine waters from 
various sources including manufacturing, min-
ing and farming activities (the latter featuring 
land-applied herbicides and pesticides), and 
air pollution from fossil fuel combustion (USE-
PA 2007a). Many metals (e.g., iron, copper ) 
are also naturally abundant elements found in 
coastal watersheds (Shacklette and Boerngen 
1984; USEPA 2007b). Table 3 summarizes the 
dissolved metals discussed below.

Water quality criteria for dissolved metals 
have been developed for both aquatic life and 
human health (ODEQ 2014a; USEPA 1993, 
2007a, 2007b, 2009). For aquatic life crite-
ria, dissolved metal standards are evaluated 
using an acute criterion (CMC) and a chron-
ic criterion (CCC)(see sidebar). For human 

health, standards are classified into catego-
ries for the safe consumption of 1) water and 
aquatic organisms, and 2) aquatic organisms 
only. Figure 2 summarizes the organizational 
structure of dissolved metal standards for 
each pollutant.

Data describing dissolved metal concentra-
tions are available in the Pony Slough, Sough 
Slough, Coos River, and Isthmus Slough sub-
systems (Figure 3 and Table 4)(ODEQ 1995, 
1998a, 2002, 2006a, 2006b, 2006c, 2007a, 
2007b, 2009a, 2009b; Water Board 2012).

From 1998 to 2012, 13 sites in the study area 
(including the subsystems listed above)(Figure 
4 and Table 3) were listed under the Clean 
Water Act for insufficient data or as sites of 
“potential concern”. These listings reinforce 
the fact that we don’t yet have enough infor-
mation to form a comprehensive understand-
ing of the status of dissolved metals in the 
Coos estuary. 

Guideline Values for Assessing Aquatic 

Life Dissolved Metals Standards:

Acute Criterion (CMC) - The highest 

concentration to which aquatic life may 

be exposed briefly without resulting in 

adverse effects. 

Chronic Criterion (CCC) - The highest 

concentration to which aquatic life may 

be exposed indefinitely without resulting 

in adverse effects.

Source: USEPA 2012
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Of the 13 sites mentioned, only three were 
listed as potential water quality threats to 
both aquatic life and human health due to 
elevated concentrations of dissolved metals 
(Coos Bay in 1998 and Day and Storey Creeks 
in 2004). The remaining 10 sites were listed 
due to informational gaps (Table 3)(ODEQ 
1998b, 2004, 2012). 

The status of specific dissolved metals in the 
Coos estuary and surrounding area is detailed 
below. This inventory presents USEPA stan-
dards for both aquatic life and human health. 
However, the toxic effects of exposure focus 
on human health, because the effects on 

Table 3. Dissolved 
metals found in 
aquatic systems. 

Data sources: 
ODEQ 2014a, 
USEPA 1993; 

Industrial Uses and 
Sources data: 
Buszka et al. 2007, 
CDC 2004, ODEQ 
2008, RSC 2014, 
USEPA 2009, USGS 
2014, Wilburn 
2012, Winter 1993; 

Water Quality 
Criteria Listing data 
sources: USEPA 
1993 

Priority Pollutant Status

The USEPA has developed a list of 126 pri-

ority pollutants. Priority status is assessed 

based on the following criteria:

 1. Must be included on USEPA’s list of 

toxic pollutants

2. Must have chemical standards and 

published testing methods

3. Must be frequently found in water

4. Must have been produced domestical-

ly in substantial quantities 

Source: USEPA 2014
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aquatic life can vary significantly by species 
and environmental conditions (e.g., pH, or-
ganic content, sediment characteristics, con-
ductivity, etc.)(USEPA 1980; USEPA 2007b). 

Aluminum

Dissolved aluminum (1995-2009) concentra-
tions appear to be higher in Isthmus Slough 
than in South Slough or Pony Slough.

 

Aluminum is a non-priority pollutant for 
aquatic life standards (see sidebar)(USEPA 
1993).

Antimony

Antimony concentrations (2005-2009) in 
South Slough at the former Joe Ney Landfill 
Disposal Site (JNDS) meet USEPA standards 
for human consumption of both water and 
aquatic organisms (Table 4). 

Figure 2. Dissolved metals standards in micrograms per liter (ug/l). Source: ODEQ 2014a; USEPA 1993, 2007a, 2007b, 2009 
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Table 4. Summary of dissolved metal concentrations in the lower Coos Watershed. Data: ODEQ 1995, 1998a, 2002, 2006a, 
2006b, 2006c, 2007a, 2007b, 2009a, 2009b; Water Board 2012 
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In 2004, Day Creek (South Slough), Mettman 
Creek (Upper Bay), as well as Morgan Creek 
and the West Fork of the Millicoma River 
(Coos River) were all listed due to insufficient 
information (Table 3)(ODEQ 2004). 

Antimony is a priority pollutant, meaning that 
it is a toxic pollutant with established chemi-
cal standards that is frequently found in water 
(USEPA 1993, 2014). Human exposure to 
antimony can affect the cardiovascular (heart 
and blood vessels) and respiratory (breathing) 
systems, but is not known to have any cancer 
effects (CDC 2014).

Arsenic

At South Slough’s JNDS, arsenic concentra-
tions (1995-2009) may be harmful to saltwa-
ter aquatic life. Elevated arsenic concentra-
tions at South Slough’s JNDS may not meet 

USEPA recommended concentrations for the 
safe human consumption of both water and 
aquatic organisms. In 2012, arsenic concen-
trations in the Pony Slough subsystem at 
Merritt Lake met USEPA guidelines (Table 4). 

In 2004, arsenic was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 
Arsenic is a priority pollutant for both aquatic 
life and human health (USEPA 1993). Human 
exposure to arsenic can affect the dermal 
(skin), gastrointestinal (digestive), hepatic 
(liver), neurological (nervous system), and 
respiratory (breathing) systems. It is a known 
carcinogen (CDC 2014). 

Figure 3. Sampling Locations 
of Dissolved Metals. Source: 
ODEQ 1995, 1998a, 2002, 
2006a, 2006b, 2006c, 2007a, 
2007b, 2009a, 2009b, Water 
Board 2012. Subsystem 
codes: SS-South Slough, 
LB-Lower Bay, PS-Pony 
Slough, IS-Isthmus Slough, 
UB-Upper Bay, NS-North 
Slough, HI-Haynes Inlet, 
CR-Coos River, CS-Catching 
Slough
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Barium

In 2004, barium was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

The data that are available suggest that av-
erage barium concentrations (1995-2009) at 
South Slough’s JNDS appear to meet the USE-
PA standards for safe human consumption of 
water and aquatic organisms, but maximum 
observed concentrations do not meet these 
standards (Table 4). 

Barium is a non-priority pollutant (USEPA 
1993). However, human exposure to barium 
may affect the cardiovascular (heart and 
blood vessels), gastrointestinal (digestive), 

and reproductive (producing children) sys-
tems. It does not have any cancer effects 
(CDC 2014). 

Beryllium

In 2004, beryllium was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

However, the data that are available sug-
gest that dissolved beryllium concentrations 
(1995-2009) in South Slough’s JNDS meet 
USEPA standards for both aquatic life and 
human health (Table 4).

Beryllium is a priority pollutant for human 
health (USEPA 1993). Human exposure to be-
ryllium may affect the gastrointestinal (diges-

Figure 4. Location of 
303d-listed sites (1998-
2012). Source: ODEQ 
1998, 2004, 2012. 

Subsystem codes: SS-
South Slough, LB-Lower 
Bay, PS-Pony Slough, 
IS-Isthmus Slough, 
UB-Upper Bay, NS-North 
Slough, HI-Haynes Inlet, 
CR-Coos River, CS-Catch-
ing Slough
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tive), immunological (immune system), and 
respiratory (breathing) systems. It is a known 
carcinogen (CDC 2014). 

Boron

Average boron concentrations (1995-2009) 
are higher in Isthmus Slough than in either 
Sough Slough JNDS or Pony Slough at Mer-
ritt Lake. However, the highest maximum 
observed concentration occurred in South 
Slough at JNDS (Table 4). 

The USEPA has not established water quality 
guidelines for boron. 

Cadmium

In 2004, cadmium was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

The available data suggest that cadmium con-
centrations in the study are low. From 1995-
2009, ODEQ made 38 cadmium observations 
at South Slough’s JNDS. All of these observa-
tions were below detectable limits, indicating 
that cadmium concentrations at JNDS likely 
meet USEPA standards for human health. 
USEPA standards for freshwater aquatic life, 
however, are much closer to detectable limits. 
Therefore, it’s difficult to know if the JNDS 
cadmium concentrations meet the freshwater 
aquatic life standard for indefinite exposure 
(Table 4). 

Cadmium is a priority pollutant (USEPA 1993). 
Human exposure to cadmium may affect the 
cardiovascular (heart and blood vessels), gas-

trointestinal (digestive), neurological (nervous 
system), renal (urinary and kidneys), repro-
ductive (producing children), and respiratory 
(breathing) systems. It is a known carcinogen 
(CDC 2014). 

Chromium

Chromium concentrations (1995-2009) in 
South Slough’s JNDS meet USEPA standards 
for both aquatic life and human health (Table 
4). 

In 1998, chromium was listed as a potential 
concern for aquatic life in Coos Bay (Upper 
Bay)(ODEQ 1998b). In 2004, it was listed 
for insufficient information in Storey and 
Day Creeks (South Slough), Mettman Creek 
(Upper Bay), and Morgan Creek and the West 
Fork of the Millicoma River (Coos River)(Table 
3)(ODEQ 2004). 

Chromium is a priority pollutant (USEPA 
1993). Human exposure to chromium may 
affect the immunological (immune system), 
renal (urinary and kidneys), and respiratory 
systems. It is a known carcinogen (CDC 2014).

Cobalt

About half of the cobalt observations (1995-
2009) at South Slough’s JNDS are below 
detectable limits, indicating that the accuracy 
of monitoring efforts could be improved by 
more complete information (Table 4). USEPA 
has not established water quality guidelines 
for cobalt (USEPA 1993). 
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Copper

Copper concentrations at South Slough’s JDNS 
(1995-2009) as well as Pony Slough at Merritt 
Lake (2012) appear to meet the USEPA stan-
dard for safe human consumption. However, 
brief exposure to these sites may be harmful 
to saltwater aquatic life (Table 4).

In 1998, copper was listed as a potential con-
cern for aquatic life in Coos Bay (Upper Bay)
(ODEQ 1998b). In 2004, it was listed for insuf-
ficient information in Storey and Day Creeks 
(South Slough), Mettman Creek (Upper Bay), 
and Morgan Creek and the West Fork of the 
Millicoma River (Coos River)(Table 3)(ODEQ 
2004). 

Copper is a priority pollutant (USEPA 1993). 
Human exposure to copper may affect the 
gastrointestinal (digestive), hematological 
(blood forming), and hepatic (liver) systems. It 
does not have any cancer effects (CDC 2014). 

Iron

Iron concentrations in the Coos River sub-
system (2009) as well as in Isthmus Slough 
(2006-2007) and South Slough’s JNDS (1995-
2009) may be harmful to freshwater aquatic 
life (Table 4). 

In 2004, iron was listed as a potential con-
cern for both aquatic life and human health 
at Day and Storey Creeks (South Slough). In 
2012, it was listed for insufficient information 
at Mettman Creek (Upper Bay) as well as the 
following waters in the Coos River subsystem: 
Daniels Creek, East Fork Millicoma, West Fork 
Millicoma, Morgan Creek, and South Fork 

Coos (Table 3)(ODEQ 2004). Iron is a non-pri-
ority pollutant. 

Lead

Lead observations at Pony Slough Merritt 
Lake (2012) and South Slough’s JNDS (1995-
2009) seem to meet USEPA standards for 
aquatic life (Table 4). 

In 1998, lead was listed as a potential concern 
for aquatic life in Coos Bay (Upper Bay)(ODEQ 
1998b). In 2004, it was listed for insufficient 
information in Day Creek (South Slough), 
Mettman Creek (Upper Bay), and Morgan 
Creek and the West Fork of the Millicoma 
River (Coos River)(Table 3)(ODEQ 2004). 

Lead is a priority pollutant for aquatic life 
(USEPA 1993). Although it is not listed as 
a priority pollutant for human health, lead 
exposure is associated with harmful health 
affects to the cardiovascular (heart and blood 
vessels), gastrointestinal (digestive), hema-
tological (blood forming), musculoskeletal 
(muscles and skeleton), neurological (nervous 
system), ocular (eyes), renal (urinary and kid-
neys), and reproductive (producing children) 
systems. It is reasonably anticipated to be a 
carcinogen (CDC 2014) 

Lanthanum

Only sixteen percent of lanthanum obser-
vations at South Slough’s JNDS (1995-2009) 
are above detectable limits, indicating that 
accuracy of cobalt monitoring efforts could 
be improved by more complete information 
(Table 4). USEPA has not established water 
quality guidelines for lanthanum.
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Lithium

Lithium concentrations appear to be an order 
of magnitude higher in Isthmus Slough (2006-
2007) than at South Slough’s JNDS (1995-
2009) or in the Coos River (2009) subsystem 
(Table 4). USEPA has not established water 
quality guidelines for lithium. 

Magnesium

Magnesium concentrations are much higher 
in Isthmus Slough (2006-2007) than at South 
Slough’s JNDS (1995-2009) or in the Coos 
River (2009) subsystem (Table 4). USEPA has 
not established water quality guidelines for 
magnesium. 

Manganese

In 2004, Manganese was listed as a potential 
concern for human health in both Day and 
Storey Creek (South Slough). It was also listed 
for insufficient information at Mettman Creek 
(Upper Bay) as well as Morgan Creek and the 
West Fork of the Millicoma River (Coos River)
(Table 3)(ODEQ 2004). In 2012, Coalbank, 
Davis, Isthmus, and Shinglehouse Sloughs 
(Isthmus Slough subsystem) were all listed as 
informational gaps (Table 3)(ODEQ 2012).

The available data suggest that manganese 
concentrations may not meet USEPA stan-
dards. The estimated average manganese 
concentration does not meet the USEPA 
guideline for safe human consumption of 
either water or aquatic organisms in Isthmus 
slough (2006-2007); nor does it meet these 
standards at South Slough’s JNDS (1995-
2009). In the Coos River subsystem (2009), 
maximum observed concentrations do not 

meet USEPA standards for safe human con-
sumption (Table 4). 

Manganese is a non-priority pollutant (USEPA 
1993). However, human exposure to manga-
nese may affect the cardiovascular (heart and 
blood vessels), hepatic (liver), neurological 
(nervous system) and respiratory (breathing) 
systems. It does not have any cancer effects 
(CDC 2014).

Mercury

Indefinite exposure to mercury concentra-
tions at South Slough’s JNDS (1995-2009) may 
be harmful to both freshwater and saltwater 
aquatic life. However, mercury concentrations 
appear to meet the USEPA recommended 
standard for safe human consumption of 
water (Table 4). For a discussion of mercury in 
fish tissues, see Chapter 10: Sediments in the 
Coos Estuary and Lower Coos Watershed. 

In 2004, mercury was listed for insufficient in-
formation at Day Creek (South Slough)(Table 
3)(ODEQ 2004).

Mercury is a priority pollutant for both 
aquatic life and human health (USEPA 1993). 
Human exposure to mercury may affect the 
gastrointestinal (digestive), neurological (ner-
vous system), ocular (eyes), and renal (urinary 
and kidneys) systems. It does not have any 
cancer effects (CDC 2014).

Molybdenum

Only 21% of molybdenum observations at 
South Slough’s JNDS (1995-2009) were above 
detectable limits, indicating that the accuracy 
of monitoring efforts could be improved by 
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more complete information (Table 4). USEPA 
has not established water quality guidelines 
for molybdenum. 

Nickel

Dissolved nickel concentrations at South 
Slough’s JNDS (1995-2009) easily meet USEPA 
standards for safe human consumption of 
both water and aquatic organisms (Table 4). 

In 2004, nickel was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

Nickel is a priority pollutant for both aquatic 
life and human health (USEPA 1993). Human 
exposure to nickel may affect the cardio-
vascular (heart and blood vessels), dermal 
(skin), immunological (immune system), and 
respiratory (breathing) systems. It is a known 
carcinogen (CDC 2014).

Selenium  

In 2004, selenium was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

However, the available data suggest that se-
lenium concentrations at South Slough’s JNDS 
(1995-2009) meet USEPA standards for both 
aquatic life and human health. 

Selenium is a priority pollutant for both 
aquatic life and human health (USEPA 1993). 
Human exposure to selenium may affect the 

dermal (skin), and reproductive (producing 
children) systems. It is reasonably anticipated 
to be a carcinogen (CDC 2014).

Silver

Indefinite exposure to dissolved silver at 
South Slough’s JNDS (1995-2009) may be 
harmful to freshwater aquatic life (Table 4). 

In 2004, silver was listed for insufficient 
information in Storey and Day Creeks (South 
Slough), Mettman Creek (Upper Bay), and 
Morgan Creek and the West Fork of the Milli-
coma River (Coos River)(Table 3)(ODEQ 2004). 

Silver is a priority pollutant for aquatic life 
(USEPA 1993). Although it is not listed as a 
priority pollutant for human health, exposure 
to silver is associated with harmful health 
effects to the renal (urinary and kidneys) and 
reproductive (producing children) systems. It 
does not have any cancer effects (CDC 2014). 

Thallium

All twenty thallium observation at South 
Slough’s JNDS (1995-2009) are below detect-
able limits. However, the estimated average 
concentration indicates that thallium concen-
trations at JNDS may not meet USEPA stan-
dards for safe human consumption of either 
water or aquatic life (Table 4). 

In 2004, thallium was listed for insufficient 
information in Day Creek (South Slough), 
Mettman Creek (Upper Bay), and Morgan 
Creek and the West Fork of the Millicoma 
River (Coos River)(Table 3)(ODEQ 2004). 
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Thallium is a priority pollutant for human 
health (USEPA 1993). Human exposure to 
thallium may affect the gastrointestinal (di-
gestive), hepatic (liver), neurological (ner-
vous system), and renal (urinary or kidneys) 
systems. It does not have any cancer effects 
(CDC 2014).

Vanadium

Only 8% of all vanadium observations at 
South Slough’s JNDS (1995-2009) are above 
detectable limits, indicating that the accuracy 
of monitoring efforts could be improved by 
more complete information. 

USEPA has not established water quality 
guidelines for vanadium. Human exposure 
to vanadium may affect the cardiovascular 
(heart and blood vessels), gastrointestinal 
(digestive), renal (urinary and kidneys), repro-
ductive (producing children), and respiratory 
(breathing) systems. It does not have any 
cancer effects (CDC 2014).

Zinc

Dissolved zinc concentrations at South 
Slough’s JNDS (1995-2009) easily meet USEPA 
standards for both aquatic life and human 
health (Table 4). 

Zinc is a priority pollutant for both aquatic 
life and human health (USEPA 1993). Human 
exposure to zinc may affect the gastrointesti-
nal (digestive), hematological (blood forming), 
and respiratory (breathing) systems. It does 
not have any cancer effects (CDC 2014). 

Persistent Organic Pollutants, Biocides, and 
Other Contaminants

“Persistent organic pollutants” (POPs) are 
widely distributed herbicides, pesticides, 
insecticides, and other biocides that are 
internationally recognized for their potential 
to cause environmental damage (see “Stock-
holm Convention” sidebar). In addition to 
POPs, tributyltin (TBT), an anti-fouling chem-
ical found in boat bottom paints, has histor-
ically been a concern in the Coos estuary 
(Wolniakowski et al. 1987). Table 5 details 
the properties of the most common POPs 
and provides their associated water quality 
standards. 

Although little is known about dissolved 
POPs and TBT in the Coos estuary, what we 
do know comes from the Coos Bay/North 
Bend Water Board, which monitors Merritt 
Lake (Pony Slough Subsystem) for eight POPs 
including aldrin and dieldrin, chordane, DDT, 
endrin, heptachlor, HCB, PCBs, and toxa-
phene. Since the monitoring program began 
in 1985, the Water Board has not recorded 
any POPs observations above detectable lim-
its (Water Board 2012). 

Cornu et al. (2012) note that a wide range of 
pesticides, including POPs such as DDT, have 
been detected by ODEQ in low (“unquantifi-
able”) amounts at 29 sites in the Coos Basin. 
Although the location of many these sites is 
undisclosed, it is clear that sampling occurred 
at no fewer than three Sough Slough loca-
tions, including Joe Ney Slough, Collver Point, 
and Brown’s Cove (ODEQ 2014b). 
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For additional information about POPs, TBT, 
biocides, and other contaminants, refer to 
Chapter 10: Sediment Contamination in the 
Coos Estuary.
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Chapter 10: Sediment 
Quality in the Coos Estuary 
and Lower Coos Watershed

Sediment Composition: Compared with other 
Oregon estuaries, Coos estuary sediments 
contain a high percentage of “fines” (i.e., clay 
and silt), which tend to be concentrated in the 
upper estuary near tributary mouths (e.g., 
Coos River, Isthmus Slough, Haynes Inlet). 

Sediment Contamination: Sediment quality in 
the upper estuary may be contaminated with 
metals, synthetic organic compounds, and 
other industrial chemicals. There are several 
instances of confirmed releases of these 
chemicals, which have primarily occurred in 
Isthmus Slough and the Upper Bay subsystems. 

Erik Larsen, Colleen Burch Johnson - 
South Slough NERR

Subsystems: CR- Coos River, CS- Catching Slough, HI- 
Haynes Inlet, IS- Isthmus Slough, LB- Lower Bay, NS- North 

Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay
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Chapter 10: Sediment Quality 
in the Coos Estuary 
and Lower Coos Watershed

This section includes the following 
data summaries: Sediment Compo-
sition, and Sediment Contamina-
tion— which describe the condition 
of Coos estuary sediment in the 
lower Coos watershed. 

Sediment Composition: Data summarizing 
sediment composition in the Coos system 
came primarily from two sources. The Ore-
gon Department of Environmental Quality 
(ODEQ) monitored sediment composition in 
the Coos estuary from 1999 to 2006 as part of 
their Coastal Environmental Monitoring and 
Assessment Program (CEMAP)(ODEQ 1999, 
2001, 2004, 2006). The United States Army 
Corps of Engineers (USACE) also assessed 
sediment composition in a series of sediment 
quality evaluation reports (USACE 1980, 1989, 
1994, 1998, 2004, 2009). 

These data sources are supplemented by two 
additional reports: 1) Lee II and Brown (2009) 
provide a regional perspective by character-
izing sediment composition of seven Oregon 
estuaries; and 2) Hubler (2008) describes the 
macroinvertrate response to fine sediment 
stress in the Coos River subsystem. 

In addition to these studies, the Coastal and 
Marine Ecological Classification Standard 
(CMECS), a NOAA-developed habitat classi-
fication scheme currently being applied to 

Oregon’s estuaries by the Oregon Depart-
ment of Land Conservation and Development, 
was used to generate maps of generalized 
areas with fine sediments (CMECS 2014). It’s 
important to note that CMECS is currently in 
the developmental stages; its data layers are 
subject to refinement. 

Sediment Contamination: Similar to sediment 
composition, sediment contamination data 
came primarily from the CEMAP program as 
well as the USACE sediment quality evalua-
tion reports (ODEQ 1999, 2001, 2004, 2006; 
USACE 1980, 1989, 1994, 1998, 2004, 2009). 
Sediment contamination is assessed using a 
set of sediment quality guidelines (SQGs) that 
were established by Long et al. (1995). These 
data quantify a suite of metals, synthetic 
organic pollutants, industrial chemicals, and 
total organic carbon (TOC) in Coos sediments.  

These data were also supplemented by ad-
ditional studies. From 1986 to 2006, NOAA’s 
Mussel Watch Contaminant Monitoring 
Program monitored sediment contamination 
at two Coos estuary sites every ten years 
(NOAA 1986, 1996, 2006). In 2007 and 2009, 
TOC was measured by ODEQ in the Isthmus 
Slough and Coos River Subsystems as part of 
a dissolved oxygen study (ODEQ 2007, 2009). 

Where possible, regional data (i.e., Washing-
ton, Oregon, and California) are presented to 
provide context for interpretation (Hayslip et 
al. 2006, Nelson et al. 2007). 

A review of the potential and confirmed toxic 
release sites within the study area is also 
provided. This information came from several 
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ODEQ and USEPA sources, including the Toxics 
Release Inventory (TRI), Brownfield listings, 
the Environmental and Cleanup Site Infor-
mation Program (ECSI), and the Confirmed 
Release List (CRL)(ODEQ n.d., USEPA 2014). 

In addition to sediment contamination, this 
chapter summarizes data useful as indica-
tors of sediment quality, such as fish tissue 
contamination data from the CEMAP program 
(ODEQ 1999, 2001, 2004, 2006). Dissolved 
contaminants are also briefly discussed here 
but refer to the Chapter 9: Water Quality for a 
more complete discussion. 

Data Gaps and Limitations

Collectively, the CEMAP program and the 
USACE sediment quality reports represent 
observations in all nine subsystems (see maps 
above)(ODEQ 1999, 2001, 2004, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009). The ma-
jority of these data come from the Lower Bay 
and Upper Bay Subsystems. In some subsys-
tems, the data may be sparse. For example, 
the only metals sampling in the North Slough 
subsystem occurred in 2002 (ODEQ 2002). As 
a result, there are only three observations for 
metals in this subsystem. 

The accuracy of a data set is a function of its 
size or “robustness,” because larger samples 
more accurately estimate the population 
mean. For this reason, the number of obser-
vations in each subsystem is provided when 
contaminant data are presented.

In many cases, the data may be outdated. The 
most recent data for both sediment contam-

ination and composition come from 2009 
(USACE 2009). 

An all-inclusive evaluation of sediment quality 
is made difficult by the limitations of the 
SQGs. Although Long et al. (1995) developed 
SQGs for nine metals and 19 synthetic organic 
pollutants, none have been established for 
some commonly occurring contaminants 
(e.g., petroleum hydrocarbons such as diesel 
and hydraulic fluid). 

The guidelines for evaluating fish tissue con-
taminants are also subject to some limita-
tions. Developing human health standards 
for safe fish consumption requires making 
numerous assumptions about dietary prefer-
ences, characteristics of the consumer (e.g., 
body weight and age), level of risk aversion, 
and other variables (USEPA 2000). To avoid 
making overly broad generalizations, the 
contaminants data summary refers curious 
readers to the appropriate online tools (USE-
PA 2007a; OR Health Division, n.d).

Interpretation of sediment quality data is fur-
ther complicated by the intricacies of environ-
mental systems. The mobility and availability 
of contaminants in estuaries is influenced by 
many factors, including chemical, geological 
and physical processes such as oxidation, 
precipitation, sedimentation, tidal inundation, 
etc. (Carroll et al. 2002, Bauer and Bianchi 
2011, Williams et al. 1994). In addition to nat-
ural processes, pollutant cycling is carried out 
against a backdrop of human land use activi-
ties, which can further complicate an already 
intricate process (Bauer and Bianchi 2011). 
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The sediment contaminants data summary 
applies Long et al. (1995) methods to analyze 
sediment quality in the study area to provide 
consistency for evaluating sediment contami-
nation within and among estuaries. However, 
the approach does not account for the inter-
action of multiple chemicals or environmental 
conditions that may affect the toxicity of con-
taminants (USEPA 2002). It should be noted 
that the environmental impacts of sediment 
contaminants is subject to change as the sur-
rounding conditions in the estuary evolve. 

In many cases, the toxicity of sediment 
contaminants in aquatic organisms is depen-
dent on species-specific physiology. Toxic 
responses in plants and animals require the 
transfer of chemicals from the environment 
to biochemical receptors on or in an organ-
ism (USEPA 2007b). Therefore, the ecological 
response to changes in sediment contamina-
tion may vary depending on individual species 
tolerances for a given contaminant.

Due to the complexity of these systems, the 
status of sediment contaminants in the study 
area should be interpreted along with the 
data presented in the contaminants data 
summary of “Chapter 9: Water Quality in the 
Coos Estuary and the Lower Coos Watershed”. 
Interpreting both together offers a more 
comprehensive understanding of the overall 
status of contamination in the Coos estuary. 
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a````

How the Local Effects 
of Climate Change Could 
Affect Sediments in the Coos Estuary 
and Lower Coos Watershed
Several climate-related changes expected on the Oregon coast could 
affect sediments in the Coos estuary and lower Coos watershed:

 � Stronger, more frequent ocean storms, and 
“flashier” river flows may change sediment 
delivery and distribution patterns in the 
Coos estuary. 

 � Changes in the distribution of estuarine 
sediment may affect plant and animal 
communities throughout the estuary.

 � Increases in sediments delivered to the 
Coos estuary may help local tidal marshes 
keep pace with sea level rise.

 � Areas of increased sedimentation may 
affect developed areas in the estuary, 
potentially resulting in, greater demand for 
commercial shipping channel dredging.

Climate change is expected to effect sedi-
ment dynamics in the Coos estuary and lower 
Coos watershed waterways mainly though: 1) 
potential shifts in the timing and intensity of 
ocean storms; 2) the related timing and inten-
sity of fresh water delivery to the system; and 

3) sea level rise. These changes along with hu-
man-induced changes to local hydrology and 
bathymetry are likely to change the way sed-
iment is deposited and eroded in the estuary 
(Scavia et al. 2002). The complex relationships 
between the abiotic (e.g., sediments) and 

Top Photo: A Pacific 
Northwest headland 
Photo: Ruggeira et al. 2013

Above: Erosion of 
coastal headlands
Photo: OCCRI 2010
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biotic (i.e., plants and animals) components 
of estuaries are likely to compound the local 
effects of climate change as estuarine plant 
and animal communities respond sometimes 
unpredictably to changing sediment condi-
tions (Day et al. 2008). 

Geomorphology, Hydrology, and Sediment 
Transport

Distribution of sediments is largely deter-
mined by tidal and non-tidal hydrologic 
mechanisms that transport materials to the 
estuary from the ocean or watershed (Day 
et al. 2008). Climate-related hydrologic shifts 
(i.e., changes to water movement, such as 
river discharge, ocean inundation, storm 
surges, estuary flushing, etc.) will likely result 
in some variations in sediment distribution 
in the estuary. While we cannot conclusively 
forecast changes in sediment distribution 
in the Coos estuary, we can develop some 
reasonable sediment change scenarios based 
on likely climate-related changes in local tidal 
and non-tidal hydrology.

Climate change is expected to affect precip-
itation patterns that control the timing and 
intensity (and perhaps the quantity) of fresh-
water contributions to estuaries from coastal 
rivers and streams. For example, a climate 
model of a coastal watershed in British Co-
lumbia (where the wintertime rainy season is 
expected to shorten and intensify, extending 
summertime drought conditions) predicted 
increases in fall/winter surface water runoff 
(frequently to flood levels) coupled with in-
creased dependency on groundwater during 
dryer spring and summer seasons (Loukas 
et al. 2002). Similar trends are anticipated in 
Oregon, where climate change may result in 
decreased summer precipitation and more 
intense rain events in the winter (Mielbrecht 
et al. 2014, Oregon Climate Change Research 
Institute [OCCRI] 2010). Higher peak flows in 
streams and rivers during the winter season 

 

Changes in Precipitation Timing, 

Frequency and Intensity

In the future, precipitation in coastal 

Oregon is expected to remain a 

predominately wintertime phenomenon 

(i.e., most precipitation will continue to 

occur in the winter). However, the extent 

to which precipitation timing, frequency 

and intensity on the Oregon coast may 

change remains uncertain. There is 

evidence that high-intensity storms are 

becoming more frequent, and that the 

frequency of weak to moderate-strength 

storms is declining. 

Sources: Sharp 2012; OCCRI 2010; OSU 

2005
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are likely to increase sediment input to the 
lower watershed from terrestrial sources (De-
fenders of Wildlife and ODFW 2008, OCCRI 
2010, Scavia et al. 2002, Cannon et al. 2010, 
Goode et al. 2012). The opposite is true of 
low river and stream flows during anticipated 
extended drought periods of the summer 
months.

Sediment transfer to and from estuaries is 
also facilitated by natural processes in the 
ocean. On the Oregon coast, sediment is 
transferred within “littoral cells,” which are 
stretches of beach bounded by rocky head-
lands (Ruggiero et al. 2013, OCCRI 2010, Rev-
ell 2001)(Figure 1). There are 18 littoral cells 
along the Oregon coast (Ruggiero et al. 2013). 
The characteristics of these cells vary widely 
in along-shore length, geometry, and capacity 
to act as a buffer between storm waves and 
the backing dunes or sea cliffs along which 
infrastructure may be located (OCCRI 2010). 

The Coos estuary is near the boundary of the 

Coos littoral cell (bounded by Heceta Head to 
the north and Cape Arago to the south) and 
the Bandon littoral cell (bounded by Cape 
Arago in the north and Blacklock Point in 
the south)(Revell 2001)(Figure 2). The Coos 
littoral cell contains the Coos Bay dune sheet. 
Stretching approximately 150 miles across 
the Oregon coast, the Coos Bay dune sheet is 
the largest coastal dune accumulation in the 
United States and represents a substantial 
source of sediment (Ruggeirro et al. 2013, 
Revell 2001). Since the construction of the 
Coos Bay jetty in the beginning of the 20th 
century, coastal sediments have generally 
accumulated on the south side of the estuary 
mouth and erosion has occurred to the north 
(Ruggeiro et al. 2013). 

The longshore transport of coastal sediments 
in Oregon follows a seasonal pattern. Rugeiro 
et al. (2013) explain that waves approach 
the shore from the southwest in the winter, 
pushing sediment northward within the litto-
ral cell. The pattern reverses in the summer, 

Figure 1. Comparing sand movements 
due to seasonal wave directions along 
the beaches between rocky head-
lands of Oregon’s littoral cells. During 
typical years (A) seasonal sand move-
ments are approximately balanced in 
both directions (equilibrium) whereas 
during major El Niño events(B), the 
waves transport greater volumes of 
sand northward, resulting in zones 
of accumulation (blue shading) and 
hotspot erosion (red shading). Figure: 
Rugeiro et al. 2013.
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when waves arrive primarily from the north-
west and push sediment to the southern end 
of the littoral cell. In normal years, an approx-
imately equal volume of coastal sediment is 
transported during each season so that the 
shoreline maintains a nearly balanced equi-
librium as sediment oscillates within each 
littoral cell (OCCRI 2010). 

In years with particularly intense winter 
storms (e.g., El Niño years), the northward 
displacement of sediment within each cell 
may result in beach accretion (i.e., sand ac-
cumulation) at the northern headland of the 

cell and the creation of erosion “hot spots” at 
the southern headland (Rugeiro et al. 2013)
(Figure 1). 

Ruggeiro et al. (2013) further explain that 
intense winter storms crossing the Northern 
Pacific ocean typically make landfall in the 
Pacific Northwest latitudes (i.e., 42°N to > 
48°N) and sometimes achieve hurricane force 
wind speeds, spanning areas large enough to 
affect the entire length of the Pacific North-
west shoreline. Climate change experts report 
these storms may have become stronger 
since the 1970s, suggested by statistically 
significant increases in both wind speeds and 
average wave height on the Oregon coast 
(OCCRI 2010, Ruggeiro et al. 2013). 

More intense winter storms may favor the 
southward displacement of coastal sediment 
within littoral cells (Ruggeiro et al. 2013). As a 
consequence, the headlands at the northern 
ends of these cells (e.g., Cape Arago) may 
become erosion “hot-spots” (OCCRI 2010, 
Ruggeir et al. 2013). In addition, portions of 
the lower Coos estuary that are currently 
protected from wave erosion may become 
increasingly affected by ocean storms (winds 
and associated waves), causing shifts in sedi-
ment distribution in the lower estuary. These 
changes may be compounded by tidal cur-
rent-generated modifications to estuarine ba-
thymetry, which can work to focus or spread 
wave energy and further modify local and 
regional coastal sediment transport regimes 
(Scavia et al. 2002). 

Figure 2. Littoral cells on the Oregon coast (bold text). 
Cells are stretches of beach bounded by rocky headlands 
(black dots). Waves transport coastal sediment within 
each cell.  
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Increased intensity of winter storms may also 
produce more turbid water (i.e., more sus-
pended fine sediments). In the lower estuary, 
seasonally higher waves and wind speeds will 
re-suspend estuarine sediment, while in the 
upper estuary, increased river flows during 
intense winter precipitation events will have 
the same effects. 

Contaminants that enter estuaries are often 
adsorbed onto suspended particles that even-
tually settle into estuarine depositional basins 
(USEPA 2002). Since suspended sediment 
fines (i.e., silt and clay) can act as “ligands” 
for contamination, climate change may facil-
itate more contaminant transferals between 
sediments and the estuarine water column, 
ultimately facilitating contaminant transport 
into other parts of the estuary. 

Sea Level Rise

Sea level rise (SLR) has the potential to result 
in the loss of wetland habitat and associat-
ed ecosystem services (e.g., flood control, 
maintenance of estuarine water quality, and 
carbon sequestration)(OCCRI 2010, Zedler 
and Kercher 2005). Experts anticipate that 
continued SLR may cause substantial wetland 
loss on the southern Oregon coast. Fore-
casting tools suggest that the Bandon Marsh 
National Wildlife Reserve (NWR), for example, 
may lose between 19-92% of its wetland hab-
itat by 2100, depending on the SLR scenario 
used (Clough and Larson 2010 as cited from 
OCCRI 2010).

Coastal wetlands can persist if the rate of ver-
tical growth or “accretion” keeps pace with 
SLR (Cahoon et al. 1995, Day et al. 1995, Pont 
et al. 2002). Experts forecast that in Oregon 
the rate of SLR will increase over the next 
100 years, suggesting that SLR may threaten 
tidal wetlands unless accretion rates grow as 
a result of climate-related changes including 
SLR (OCCRI 2010)(see local sea level rise rates 
in sidebar). 

Sediment accretion rates are determined 
by coastal watershed and estuary sediment 
transport processes (see Geomorphology, 
Hydrology, and Sediment Transport)(Cahoon 

 

Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, the National Research Council 

(NRC), predicted SLR rates as high as +23 

cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site to 

the Coos estuary).  

Sources: NOAA Tides and Currents 2013, 

NRC 2012
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et al. 1995; Day et al. 2000, 2003). Climate 
change may increase accretion rates in some 
parts of the estuary (e.g., those projected to 
receive more sediment from potentially high-
er wintertime peak flows). Conversely, rates 
may decrease in other areas (e.g., in the low-
er bay where higher waves and more intense 
marine storms may cause more erosion). 

Rates of sediment accretion may also be 
affected by coastal development. Scavia et al. 
(2002) explain that coastal wetlands are able 
to “retreat” from SLR in undeveloped low-ly-
ing areas by migrating inland (also known 
as “landward migration of tidal wetlands”). 
They also note that wetlands could be lost in 
cases where landward migration is prevented 
by development such as constructed levees, 
seawalls, bulkheads, etc.  

Effect of Sediment-Related Changes on 
Estuarine Biota

Climate-driven changes are expected to alter 
sediment deposition and erosion patterns, 
resulting in complex biotic responses that 
are “mediated by a network of biological 
interactions” (Day et al. 2008). Although the 
exact biotic response to changing sediment 
conditions is unknown, previously conducted 
research provides some clues.

In the upper estuary, increased sedimentation 
from intense winter precipitation events and 
higher peak flows is likely to further limit the 
suitability of fish spawning habitat (ODFW 
2014, USEPA 2012). Sediment conditions 
often associated with climate change may 
also favor parasitic hosts of harmful bacterial 

diseases in native salmon species (e.g., Cera-
tomyxa shasta in the ploychaete worm host, 
Manayunkia speciosa)(OCCRI 2010).

Alterations to estuarine habitat may also 
affect plant communities that facilitate critical 
ecosystem functions. For example, excessive 
sediment in the water (e.g., from intense win-
ter storms) combined with rising sea levels 
may block sunlight from reaching eelgrass 
beds which function as forage and refuge 
habitat for many commercial and recreation-
ally important fish and shellfish species, par-
ticularly in their juvenile stages (USEPA 2012). 

Changes to estuarine sediment may also 
affect human infrastructure. For example, 
increased sediment in storm run-off may 
affect water treatment facilities (Miller and 
Yates 2007 as cited from OCCRI 2010). Port 
facilities including Coos Bay’s commercial 
shipping channel may be subject to alter-
ations by more frequent and stronger winter 
storms, allowing for more sediment to enter 
the estuary from the ocean. They could also 
be affected by greater sediment delivery from 
the Coos river, which would result in the need 
for more frequent shipping channel and boat 
basin dredging (OCCRI 2010). 
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Sediment Contaminants 
in the Coos Estuary

can accumulate in sediments, posing threats 
to organisms throughout the estuarine food 
web, including humans (USEPA 2012). 

     Summary: 
 � Elevated arsenic, chromium, 

mercury, and nickel levels may 
diminish sediment quality in parts 
of Isthmus Slough, the Upper Bay, 
and North Slough.

 � Documented releases of metals, 
tributyltin, petroleum, and other 
industrial chemicals have occurred 
primarily in Isthmus Slough and 
the Upper Bay; toxicity risk is 
compounded by elevated 

      levels of organic carbon and 
      fine-grained sediment. 

What’s happening?

A variety of contaminants generated from 
urban, agricultural, and industrial activities in 
the Coos estuary and surrounding lands can 
find their way into coastal waters, where they 

Figure 1. Study sites for sediment contaminants including metals, 
total organic carbon, synthetic organic compounds, pesticides, 
and industrial chemicals. CR= Coos River, CS= Catching Slough, HI= 
Haynes Inlet, IS= Isthmus Slough, LB=Lower Bay, NS= North Slough, 
PS= Pony Slough , SS= South Slough, UB= Upper Bay. Data: ODEQ 
1999, 2001, 2002, 2004, 2005, 2006, 2007, n.d; USACE 1980, 1989, 
1994, 1998, 2004, 2009; NOAA 1986,1996, 2006; USEPA 2014b

 � Historically, sediment in 
the Coos Estuary has been 
relatively uncontaminated by 
pesticides. 
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This data summary describes the status and 
trends of those contaminants and is organized 
by three main pollutant categories: 

1. Metals

2. Synthetic Organic Contaminants (e.g., 
chlorinated pesticides, polynuclear aro-
matic hydrocarbons (PAHs), total petroli-
um hydrocarbons (TPH), and polychlori-
nated biphenyls(PCBs))

3. Total Organic Carbon (TOC)

The status of these sediment contaminants 
is evaluated using two metrics: Effects Range 
Low (ERL) and Effects Range Median (ERM)
(Table 1)(see sidebar).  

Table 1. Wentworth 
Scale for Sediment 
Classification 
Source: Bartram 
and Balance 1996

Figure 2. Metals in Coos Sediment Sampling Sites (1980 – 2009) 
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980, 
1989, 1994, 1998, 2004, 2009

 
Guideline Values for Assessing Sediment 
Quality

Long et al. (1995) developed a set of 
guidelines to help “relate ambient 
sediment chemistry data to the potential 
for adverse biological effects.” Their 
method establishes reference points 
based on the observed biological effects of 
common sediment contaminants:

Effects Range Low (ERL) - lowest 10th 
percentile of concentrations associated 
with harmful biological effects.  

Effects Range Median (ERM) - 50th 
percentile of concentrations associated 
with harmful biological effects.  

ERL and ERM are commonly used by 
public agencies to evaluate the health of 
estuarine sediment.

Source: Long et al. 1995
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Metals
The Oregon Department of Environmental 
Quality (ODEQ) has monitored the metal con-
tent of sediments in the Coos Estuary since 
1999 as part of their Coastal Environmental 
Monitoring and Assessment Program (CE-
MAP)(ODEQ 1999, 2001, 2002, 2004, 2005, 
2006). Additionally, the United States Army 
Corps of Engineers (USACE) has recorded the 
status of metals in local sediments since 1980 
in a series of sediment quality evaluation 
reports (USACE 1980, 1989, 1994, 1998, 2004, 
2009). Figure 2 shows the spatial distribution 
of the sampling sites associated with those 
two programs.

Collectively, the CEMAP data and the USACE 
reports represent over 1,000 “true detects” 
(i.e., observations above the minimum detec-
tion limit) for arsenic, cadmium, chromium, 
copper, mercury, nickel, silver, and zinc. Gen-
erally, these observations indicate good to fair 
sediment quality, with 74% of all CEMAP true 
detects and 87% of all USACE true detects 
meeting the ERL criteria. However, slightly el-
evated levels of arsenic, chromium, mercury, 
and nickel may be of concern (Figure 3).

Below are detailed descriptions of metal con-
centrations in Coos estuary sediments:

Arsenic (ERL=8.2 ppm, ERM=70 ppm)
Arsenic concentrations in Coos Estuary sed-
iment suggest good to fair sediment quality 
(Table 2). USACE data show that the mean 
arsenic level (7.5 ppm) meets the ERL criteria 
(USACE 1980, 1989, 1994, 1998, 2004, 2009). 
However, the CEMAP data indicate a mean 

arsenic level (18.4 ppm) that fails to meet the 
ERL criteria (ODEQ 1999, 2001, 2002, 2004, 
2005, 2006). Maximum mean arsenic concen-
trations occurred in the North Slough subsys-
tem (CEMAP, 66.4 ppm) and Isthmus Slough 
(USACE, 16.7 ppm). Although these maxima 
failed to meet the ERL standard, both met the 
ERM criteria. 

Cadmium (ERL=1.2 ppm, ERM=9.6 ppm)
Cadmium data suggest good sediment quality 
throughout the study area (Table 3). Mean 
cadmium concentrations for all subsystems 
easily meet the ERL criteria for both CEMAP 
(0.26 ppm) and USACE (0.4 ppm) data (ODEQ 
1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009). 

Figure 3. . Percentage of all CEMAP and USACE observations 
true detects that meet the ERL criteria (good quality), fail to 
meet the ERL criteria (fair quality), and fail to meet the ERM 
criteria (poor quality). Data: ODEQ 1999, 2001, 2002, 2004, 
2005, 2006; USACE 1980, 1989, 1994, 1998, 2004, 2009 
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Chromium (ERL=81 ppm, ERM=370 ppm)
Average chromium levels indicate good to 
fair sediment quality (Table 4). USACE (1980, 
1989, 1994, 1998, 2004, 2009) data indicate 
that average chromium concentrations for 
all subsystems (14.9 ppm) easily meet the 
ERL criteria. However, the CEMAP data show 
that average chromium levels (87 ppm) fail 
to meet the same criteria (ODEQ 1999, 2001, 
2002, 2004, 2005, 2006). Elevated mean 
chromium levels are primarily due to high 
chromium concentrations in the North Slough 
subsystem, which were recorded during the 
2002 CEMAP monitoring effort (ODEQ 2002). 
The 2002 CEMAP data are the most current 
data for North Slough. No CEMAP sampling 
has occurred in North Slough since 2002; the 
USACE has not collected data in North Slough.  

Four sites in the Isthmus Slough, Lower Bay, 
and South Slough subsystems are listed on 
ODEQ’s Confirmed Release List (CRL) for the 
documented release of chromium (see Why is 
it happening?)(ODEQ n.d.). 

Copper (ERL=34 ppm, ERM=270 ppm) 
Copper concentrations indicate good to fair 
sediment quality throughout the study area 
(Table 5). Mean copper concentrations for 
all subsystems meet the ERL criteria for both 
CEMAP (26.8 ppm) and USACE (20.1 ppm) 
data (ODEQ 1999, 2001, 2002, 2004, 2005, 
2006; USACE 1980, 1989, 1994, 1998, 2004, 
2009). Average concentrations for individual 
subsystems were highest in the North Slough 
(81 ppm) and Isthmus Slough (58.6 ppm), 
where mean concentrations failed to meet 
the ERL criteria (CEMAP 2002; USACE 1994, 

Table 2. Summary of all CEMAP and USACE arsenic observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995

Table 3. Summary of all CEMAP and USACE cadmium observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995

Table 4. Summary of all CEMAP and USACE chromium ob-
servations Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; 
USACE 1980, 1989, 1994, 1998, 2004, 2009. Sediment quality 
guidelines: Long et al. 1995
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2004, 2009). Four sites in the Isthmus Slough, 
Lower Bay, and South Slough subsystems 
are listed on ODEQ’s CRL for the document 
release of copper (see Why is it happening?)
(ODEQ n.d.). 

Lead (ERL= 46.7 ppm, ERM= 218 ppm) 
Lead concentrations averaged across all sub-
systems met the ERL criteria (Table 6)(ODEQ 
1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009). The 
CEMAP data show that average lead concen-
trations exceed the ERL criteria in the North 
Slough (66.2 ppm) and Coos River (54.3 ppm) 
subsystems (ODEQ 1999, 2001, 2002, 2004, 
2005, 2006). 
There is one site in the Upper Bay Subsystem 
that is listed on ODEQ’s CRL for the document 
release of lead (see Why is it happening?)
(ODEQ n.d.). 

Mercury (ERL=0.15 ppm, ERM=0.71 ppm)
Mercury levels generally indicate good sedi-
ment quality; however, elevated levels in Isth-
mus Slough suggest localized areas of poor 
quality sediment (Table 7)(ODEQ 1999, 2001, 
2002, 2004, 2005, 2006; USACE 1980, 1989, 
1994, 1998, 2004, 2009). There is one site in 
the South Slough Subsystem that is listed on 
ODEQ’s CRL for the document release of mer-
cury (see Why is it happening?)(ODEQ n.d.). 

Nickel (ERL=20.9 ppm, ERM=51.6 ppm)
Although data sources are somewhat conflict-
ing, elevated nickel concentrations in Coos 
sediments may represent fair to poor sedi-
ment quality (Table 8). 

Table 5. Summary of all CEMAP and USACE copper observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995

Table 6. Summary of all CEMAP and USACE lead observations 
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980, 
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines: 
Long et al. 1995

Table 7. Summary of all CEMAP and USACE mercury observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995
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CEMAP data show that the mean nickel con-
centration, averaged across all subsystems, 
fails to meet the ERL criteria (ODEQ 1999, 
2001, 2002, 2004, 2005, 2006). This is pri-
marily due to elevated nickel concentrations 
in North Slough (94.9 ppm) and Upper Bay 
(55.44 ppm), both of which failed to meet the 
ERM criteria (ODEQ 1999, 2002, 2004, 2005, 
2006). CEMAP data also indicate that six of 
the remaining seven subsystems fail to meet 
the ERL criteria, with the exception of South 
Slough (18.2 ppm).

Contrary to CEMAP, USACE (1980, 1989, 1994, 
1998, 2004, 2009) data suggest that mean 
nickel concentrations easily meet the ERL cri-
tieria in most subsystems. However, elevated 
nickel levels in the Isthmus Slough subsystem 
(23.3 ppm) failed to meet the ERL criteria. 

Five sites in the Isthmus Slough, Lower Bay, 
and South Slough Subsystems are listed on 
ODEQ’s CRL for the document release of nick-
el (see Why is it happening?)(ODEQ n.d.). 

Silver (ERL=1 ppm, ERM= 3.7 ppm)
Silver concentrations indicate generally good 
sediment quality throughout the study area 
(Table 9). However, CEMAP data suggest that 
silver concentrations in Coos River sediments 
(3.68 ppm) failed to meet the ERL criteria 
(ODEQ 1999). It should be noted that these 
are 1999-era data, and the Coos River subsys-
tem has not been monitored by CEMAP since.  

Zinc (ERL= 150 ppm, ERM=410 ppm)
Zinc concentrations suggest good sediment 
quality throughout the study area (Table 10)

Table 8. Summary of all CEMAP and USACE nickel observations 
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980, 
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines: 
Long et al. 1995

Table 9. Summary of all CEMAP and USACE silver observations 
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980, 
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines: 
Long et al. 1995

Table 10. . Summary of all CEMAP and USACE zinc observations 
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980, 
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines: 
Long et al. 1995
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(ODEQ 1999, 2001, 2002, 2004, 2005, 2006; 
USACE 1980, 1989, 1994, 1998, 2004, 2009). 
Three sites in the Isthmus Slough and Lower 
Bay Subsystems are listed on ODEQ’s CRL for 
the documented release of zinc (see Why is it 
happening?)(ODEQ n.d.). 

Metals in Fish Tissues 

Contaminants may accumulate in the fatty or 
muscle tissue of fish and shellfish. Even low 
levels of contaminants in the water column 
or sediment may result the contamination of 
recreationally or commercially harvested fish 
and shellfish that can result in serious human 
health risks (USEPA 2000). 

ODEQ (1999, 2001, 2004, 2005, 2006) col-
lected data detailing tissue contamination in 
bottom dwelling fish from sites in the Lower 
Bay, Upper Bay, South Slough, and Coos River 
subsystems as part of their CEMAP moni-
toring program (Figure 4). These data are 
summarized in Table 11.

The ODEQ data are difficult to interpret 
because the development of human health 
standards for safe fish consumption requires 
making numerous assumptions about peo-
ple’s dietary preferences, body type (e.g., 
body weight, age), level of risk aversion, and 
other variables (USEPA 2000). 

However, some indication about the overall 
suitability of fish for human consumption in 
the Coos Estuary is provided by the Nation-
al Listing of Fish Advisories, a compendium 
created by the United States Environmental 
Protection Agency (USEPA) to alert the public 

of any potential health hazards. Similarly, the 
Oregon Division of Public Health maintains a 
listing of active fish advisories and consump-
tion guidelines in Oregon (OR Health Division 
n.d.).  

For additional information regarding nation-
ally recommended safe consumption limits, 
refer to Volume 2 of USEPA’s “Guidance for 
Assessing Chemical Contaminant Data for Use 
in Fish Advisories” (USEPA 2000). 

Figure 4. Fish Tissue Sampling Locations. Data ODEQ 1999, 
2001, 2004, 2005, 2006

Table 11. Metal concentrations in fishes of Coos Estuary. Data 
ODEQ 1999, 2002, 2004, 2005, 2006; USEPA 2000
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Synthetic Organic Contaminants, Chlorinated 
Pesticides, and Other Contaminants  

Long et al. (1995) established sediment qual-
ity guidelines (SQG) for a series of commonly 
occurring synthetic organic contaminants, 
including polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), and 
dichlorodiphenyltrichloroethane (DDT)(Table 
1). These SQGs use the ERL and ERM evalu-
ation criteria (see Guidelines for Assessing 
Sediment Quality sidebar). 

With respect to synthetic organic contam-
inants and pesticides, sediment quality in 
Pacific Northwest estuarine sediments has 
historically been relatively good. In 1999 
and 2000, the USEPA sampled 8,670 square 
kilometers (3,348 square miles) of estua-
rine sediment in Oregon and Washington as 
part of their Environmental Monitoring and 
Assessment Program (EMAP)(Hayslip et al. 
2006). Their data suggest limited exposure to 

pesticides and other synthetic organic con-
taminants (Figure 5).  

The Coos Estuary is typical of a regional 
pattern of relatively low sediment contamina-
tion. In 2002, the USEPA conducted a survey 
of soft sediment habitat in the estuaries of 
Washington, Oregon, and California (Nelson 
et al. 2007). They examined sediment toxic-
ity by calculating the Effects Range Median 
Quotient (ERM-Q), which is intended to be an 
indicator of overall sediment contamination. 

Figure 5. EMAP data (1999-2000) showing sediment contam-
ination by percent of total study area (3,348 square miles) in 
Washington and Oregon estuaries. Data: Hayslip et al. 2006 

Figure 6. USEPA EMAP stations 
(left) and Effects Range Median 
Quotient (above). Shaded in 
graph above area represents 
stations for which there is an 
increased risk of sediment tox-
icity. Data: Nelson et al. 2007; 
Long et al. 1995 
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An ERM-Q < 0.1 corresponds to low proba-
bility (11.6%) of sediment toxicity (Long et al. 
1995). Most Coos estuary stations easily met 
the low toxicity risk benchmark. Only one sta-
tion (Pony Slough subsystem) failed to meet 
the benchmark (Figure 6).

ODEQ monitors pesticides, tributyltin (TBT), 
and PCBs in the Coos estuary as part of their 
Coastal Environmental Monitoring and As-
sessment Program (CEMAP). CEMAP moni-
toring was conducted in 1999, 2001, 2002, 
2004, 2005, and 2006 at 60 Coos estuary sites 
(Figure 7).

The CEMAP data indicate little exposure to 
pesticides, PCBs, or TBT in the Coos estuary. 
Between 1999 and 2006, CEMAP recorded 
nearly 2,500 observations in the study area. 
Just over 1 percent of all CEMAP observations 
were “true detects” (40 observations)(i.e., 
above reporting limits)(Table 12).

USACE also evaluates sediment quality by 
comparing sediment contaminant levels to a 
“screening level,” which is used to determine 
the acceptability of management alternatives 
for dredged materials (Sediment Evaluation 
Framework for the Pacific Northwest 2009). 

Figure 7. CEMAP observations (1999-2006). Observa- 
tion sites are classified into three categories including 
non-detection (light blue), detection below reporting 
limits (dark blue), and detection above reporting limits 
(yellow). Reporting limits are the smallest concentra-
tion of an analyte that can be measured by a labo-
ratory. There are multiple observations at each site. 
Non-detection means that the contaminant has never 
been observed at that site. Detection means that the 
contaminant has been observed at least once since 
1999. Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006.  
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From 1989 to 2009, the USACE evaluated 
Coos sediments for several contaminants 
including pesticides and PCBs, TBT and other 
butyltin compounds, PAHs, total petrolium hy-
drocarbons (TPH), chlorinated hydrocarbons, 
phenols, phthalates, and “miscellaneous ex-
tractables” (see Figure 2)(USACE 1980, 1989, 
1994, 1998, 1999, 2004, 2009).

Generally, chemical analyses indicated very 
little sediment contamination. Many of the 
USACE observations were below reporting 
limits (Table 13). However, in 1994, testing at 
Mid-coast Marine and Hilsrom Marine (two 
formerly operational shipbuilding sites in 
Isthmus Slough) revealed elevated TBT levels 
(USACE 1994). 

Since 1986, the National Oceanic and Atmo-
spheric Administration (NOAA) has monitored 
sediment contamination at two Coos estuary 

sites for their Mussel Watch Contaminant 
Monitoring Program (Figure 8)(NOAA 1986, 
1996, 2006). The NOAA data set includes 216 
observations for contaminants with estab-
lished SQGs (See Table 1 for SQGs). All of 
these observations met the SQGs (Table 14).  

Total Organic Carbon

Total Organic Carbon (TOC) occurs naturally 
in estuarine sediments, but elevated TOC can 
change the “benthic” (i.e., sea floor) environ-
ments, deplete oxygen levels (ODEQ 2014, 
Pearson and Rosenberg 1978), and can be 
associated with the presence of other pollut-
ants (Hyland et al. 2005). In the 2012 National 
Coastal Condition Report, USEPA outlines sed-
iment quality standards for TOC (Table 15).

Table 12. CEMAP Sediment Contaminants Observations (1999-
2006)

Figure 8. NOAA Mussel Watch Contaminant Monitoring Pro-
gram site locations Data: NOAA 1986, 1996, 2006.  
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Table 13. Summary 
of USACE Sediment 
Quality Evaluation 
Report Conclusions 
(1989-2009)
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According the USEPA, TOC levels in Oregon 
coast sediments generally meet the criteria 
for good sediment quality (Figure 9)(Nelson 
et al. 2007). In 2002, less than 2% of estua-
rine sediment on the Oregon coast had TOC 
levels associated with poor quality sediment ( 
> 5% TOC)(Nelson et al. 2007). 

The regional trend for low TOC is reflected 
in Coos Estuary sediments. Lee II and Brown 
(2009)(Western Ecology Division of the USE-
PA) reported that median Coos estuary TOC 
levels were the second highest in the state, 
but overall sediment quality was still high 
(TOC < 1% of sed. composition)(Table 16).

The USACE has maintained records of TOC in 
Coos Bay sediments since 1980 for the the 
Lower and Upper Bay subsystems (USACE 
1980, 1989, 1994, 1998, 2004, 2009). A few 
samples were also collected in the South 

Slough (1998 and 2004), Pony Slough (1998), 
Isthmus Slough (1898, 1994, 2004, and 2009), 
and Coos River (1980)(see Figure 2).

USACE records indicate that the organic con-
tent of Coos River sediments has historically 
been low, and, in the Upper Bay Subsystem, 
“TOC [concentrations]… were typical of un-
contaminated coastal and estuarine sedi-
ment” (USACE 1980, 1989). 

Table 14. Summary of 
NOAA Mussel Watch 
Contaminant Moni-
toring Program (1986-
2006) Data: NOAA 
1986, 1996, 2006.  

Table 15. Sediment 
quality standards. 
Data: USEPA 2012  

Table 15. Sediment 
quality standards. 
Data: USEPA 2012

Figure 9. TOC levels in west coast estuarine sediment (mean ± 
1 sd). Data: Nelson et al. 2007
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In 1994, the USACE evaluated sediment 
quality near Hilstrom Marine and Mid Coast 
Marine, two formerly operational boat repair 
sites in Isthmus Slough (USACE 1994). By 
current standards, the average sediment 
quality at both Hilstrom (2.85% TOC) and Mid 
Coast Marine (4.87 % TOC) was fair, but Mid 
Coast Marine sediment tended towards poor 
quality, with four of the five samples exceed-
ing 5% TOC.

In more recent years, USACE data have 
indicated good sediment quality on average 
in some subsystems (e.g., South Slough and 
Lower Bay) and fair sediment quality in others 
(e.g., Upper Bay and Isthmus Slough)(Figure 
10).

TOC was monitored in all nine project area 
subsystems (see Figure 2) as part of the 
Coastal Environmental Monitoring and As-
sessment Program (CEMAP) in 1999, 2002, 
and 2004 (ODEQ 1999, 2002, 2004). 

Table 16. TOC sed-
iment composition 
of Oregon estuar-
ies. Data: Lee II and 
Brown 2009

Figure 10. USACE 
TOC observations 
(1994-2009) and 
subsystem aver-
ages. Data: USACE 
1994, 1998, 2004, 
2009 Sediment 
quality standards: 
USEPA 2012
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In 1999, TOC levels easily met the USEPA 
recommended water quality criteria (ODEQ 
1999). Observations in 2002 generally met 
USEPA guidelines. However, there were in-
stances of fair to poor sediment quality (2-5% 

TOC) in Haynes Inlet, Pony Slough, Isthmus 
Slough, and the Upper and Lower Bay subsys-
tems (ODEQ 2002). In 2004, CEMAP observa-
tions suggested good sediment quality in the 
Lower Bay and South Slough subsystems and 
fair to poor sediment quality in the Upper Bay 
and Haynes Inlet. TOC levels in Haynes Inlet 
were more than double USEPA’s recommend-
ed values (Figure 11 and Table 17)(ODEQ 
2004).   

In 2006, ODEQ measured TOC in Isthmus 
Slough (ODEQ 2007). Sediment quality was 
fair to poor, with only one measurement indi-
cating good sediment quality (Figure 12). 

TOC in suspension has been measured spo-
radically from 1995-2012 in the South Slough, 
Isthmus Slough, Coos River, Pony Slough, and 
Lower Bay subsystems (ODEQ 2001, 2007, 
2009a, 2009b, Water Board 2012). General-
ly, TOC concentrations in these subsystems 
range between 3-4 mg/L. However, anoma-
lously high TOC levels were measured near 
the Joe Ney Construction Debris Landfill 
in South Slough, with several instances of 

Figure 11. CEMAP TOC observations and subsystem 
averages. Data: ODEQ 1999, 2002, 2004. Sediment 
quality standards: USEPA 2012

Table 17. CEMAP observations and subsystem averages 
(1999-2004). Data: ODEQ 1999, 2002, 2004. Sediment quality 
standards: USEPA 2012
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concentrations ranging from 20-42 mg/L and 
once instance of 60 mg/L (ODEQ 2009a). For 
more detail, refer to the Organic Carbon sec-
tion of the Water Quality Chapter.

Why is it happening?

There are many potential sources of metals, 
synthetic organic pollutants, chlorinated pes-
ticides, petroleum hydrocarbons, and other 
pollutants in estuarine sediment (USEPA 
2002). The toxicity of these chemicals in es-
tuarine sediment depends on several factors 
(Bauer and Bianchi 2011; USEPA 2002, 2007a; 
Bentivegna et al. 2004; Flemming and Trevors 
1989). As a result, it can be difficult to deter-
mine sediment contaminant sources.
Despite these difficulties, several tools have 
been developed to track potential contami-
nant sources, including USEPA’s Toxic Release 
Inventory (TRI) and “Brownfield” site listings 

as well as ODEQ’s Environmental Cleanup Site 
Information (ECSI) program. 

It’s important to note that these programs 
often list sites as “potential” or “suspected” 
sources of pollution. Therefore, registry with 
these programs does not necessarily mean 
that a facility is responsible for the release of 
pollutants into the environment. Supplemen-
tal details about the sites that are enrolled 
in these programs can be found in the online 
databases (ODEQ n.d., USEPA 2014b). 

In addition to ECSI, ODEQ also manages a 
confirmed release list (CRL). Registry with the 
CRL means that the release of pollutants has 
been confirmed and documented at that site 
(ODEQ n.d.). 

There are 3 TRI sites, 4 Brownfield sites, and 
sixty ECSI sites in the study area (ODEQ n.d., 
USEPA 2014a)(Figure 13). Although there are 
sites in all 9 subsystems, the majority (61%) of 
these sites are located in the Isthmus Slough 
and Upper Bay Subsystems (ODEQ n.d., USE-
PA 2014a). 

These sites represent a potential source of 
contamination to the soil, groundwater, sur-
face water, and sediment. They’re listed for a 
variety of reasons, including but not limited 
to mismanagement of hazardous wastes, 
accidental spills, and historic practices that 
are presently ill-advised. The suspected pol-
lutants include metals, PCBs, PAHs, TPH, TBT, 
dioxins, and other industrial chemicals (e.g., 
wood preservation chemicals).

Figure 12. Isthmus Slough TOC observations 2006. Data: ODEQ 
2007. Sediment quality standards: USEPA 2012. SS-South 
Slough, LB-Lower Bay, PS-Pony Slough, IS-Isthmus Slough, 
UB-Upper Bay, NS-North Slough, HI-Haynes Inlet, CR-Coos 
River, CS-Catching Slough
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Fourteen of the 60 ECSI sites in the study 
area are CRL sites, meaning that the release 
of pollutants has been documented in nearly 
a quarter (23%) of all ECSI sites (ODEQ n.d.). 
Similar to all ECSI, the majority (78%) of these 
CRL sites are in the Upper Bay and Isthmus 
Slough Subsystems (Figure 13). These CRL 
sites are industrial properties, including boat 
building, metal works, lumber mills, and 
fueling stations. They are listed for misman-
agement and improper disposal of pollutants 
resulting in the confirmed release of metals, 
PCBs, PAHs, TPH, TBT, and other industrial 
chemicals into the soil, groundwater, surface 
water, or sediment. 

Background

Metals, synthetic organic contaminants, 
chlorinated pesticides, and other pollutants 
can enter estuaries from a variety of sourc-
es, including effluent from nearby industry 
or agriculture activities (USEPA 2002). Many 
metals (e.g., iron, copper) are also naturally 
abundant elements found in coastal water-
sheds (Shacklette and Boerngen 1984; USEPA 
2007b). Contaminants that enter estuaries 
are often adsorbed onto suspended particles 
that eventually settle into depositional basins, 
where they enter the sediment (USEPA 2002). 
Some metals (e.g., copper and zinc) are a 
necessary part of a healthy estuarine environ-

Figure 13. Location of 
potential sediment pollution 
sources (green, yellow, blue) 
and documented pollution 
sources (red) Source: ODEQ 
n.d., USEPA 2014a
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ment, because they facilitate important met-
abolic functions (USEPA 2002, USEPA 2006). 
Other metals (e.g., mercury, lead, chromium, 
and cadmium) have no known metabolic 
function (USEPA 2006). 

The toxicity of contaminants in sediment 
is determined by several factors, including 
the physical characteristics of the sediment 
(e.g., grain size and organic content) as well 
as other chemical and environmental factors 
such as pH, redox potential (i.e., the tendency 
of a contaminant to acquire electrons), water 
hardness, organic content, and the availability 
of other pollutants or binding agents (Ben-
tivegna et al. 2004; USEPA 2002, 2007a; Flem-
ming and Trevors 1989). Since toxic responses 
in plants and animals require the transfer 
of chemicals from the environment to bio-
chemical receptors on or in an organism, the 
toxicity of these pollutants may also depend 
on species-specific physiology (USEPA 2007b).
Estuaries are complex interfaces between 
terrestrial, marine, and atmospheric organic 
carbon (OC) sources, both naturally occurring 
and human-generated (Bauer and Bianchi 

2011)(Figure 14). Estuarine OC may be lost 
through naturally occurring geological mech-
anisms (e.g., sedimentation and remineral-
ization) as well as chemical processes (e.g., 
flocculation and precipitation)(Bauer and 
Bianchi 2011). 

Estuarine carbon cycling is influenced by hu-
man activities (e.g., wetland drainage, dam-
ming and diversion of waterways, and other 
land use changes, as well as aerosol sources 
such as fossil fuel combustion and biomass 
burning). These activities have the potential 
to rapidly change and further complicate an 
already intricate process (Bauer and Bianchi 
2011).

Organic matter (OM), such as TOC, is an 
important source of food for benthic fauna. 
However, an overabundance of OM in the 
sediment may reduce biodiversity, because 
the decomposition of excess OM is associated 
with oxygen depletion and the accumula-
tion of toxic by-products (e.g., ammonia and 
sulphide)(Hyland et al. 2005, Diaz and Rosen-
berg 2008). Excess OM may also be accom-

Figure 14. Potential sources 
and pathways of introduction 
of terrestrial dissolved organic 
carbon (DOC) and particulate 
organic carbon (POC) to the 
coastal ocean via watersheds, 
rivers, and estuaries. DOC 
and POC are the components 
of TOC. Also shown are the 
potential losses from natural 
(e.g. remineralization and sedi-
mentation) and anthropogenic 
(e.g., damming and watershed 
modification) factors. Figure 
and caption: Bauer and Bianchi 
2011
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panied by increases in chemical pollutants, 
because high OM levels require some of the 
same environmental factors that facilitate 
increases in other contaminants (e.g., in-
crease in finer-grained sediments that allow a 
greater surface area for adsorption)(Hyland et 
al. 2005). Pearson and Rosenberg (1978) have 
modeled of benthic response to increasing 
OM levels (Figure 15).

In their model, low OM levels (Figure 15, 
Zone 1) result in high species richness due to 
the combined effects of the sufficient food 
availability and few environmental stressors. 
Over the intermediate OM range (Zone 2), 
species richness declines, because sensitive 
organisms are unable to withstand increas-
ing exposure to environmental stressors 

(e.g., depleted oxygen, toxic by-products of 
OM decomposition, and increased chemical 
contaminants). However, hardier/opportunis-
tic species may be tolerant of increased OM 
levels, resulting in a net increase in species 
abundance and a secondary peak in biomass. 
At high OM levels (Zone 3), environmen-
tal stressors exceed most tolerance levels; 
consequently, there is a precipitous loss of 
biodiversity.
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Sediment Composition 
in the Coos Estuary

(Figures 1 and 2), a classification particularly 
applicable to the upper estuary. Data from 
the Oregon Department of Environmental 

     Summary: 
 � Coos estuary sediment contains a 

high percentage of fine-grained 
silt and clay. 

 � Sediment in the upper estuary 
contains more silt and clay than 
the sandier sediments located 
closer to the mouth of the estuary.

 � The coastal rivers of southern 
Oregon contain more fine-grained 
sediments than Oregon’s north 
coast rivers

 � The composition of Coos River 
sediments may be moderately 
stressful to macroinvertebrates,  a 
key biological community.  

What’s happening?

The Coos estuary has been classified as one 
of the muddiest estuaries in Oregon (Lee II 
and Brown 2009) due to the relatively high 
percentage of “fines” (i.e., silt and clay)   

Figure 1. Sediment composition in the Coos Estuary. Larger 
symbolize represent “muddier” sediment (i.e., greater percentage 
of fines). Generalized areas of fine-grained sediment (tan) were 
created from the CMECS habitat classification scheme for the Coos 
estuary. Data: ODEQ 1999, 2001, 2004, 2005, 2006; USACE 2009; 
CMECS 2014  
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Quality (ODEQ 1999, 2001, 2004, 2005, 2006) 
and the United States Army Corps of Engi-
neers (USACE 2009) confirm that sediment 
in the estuary’s upper reaches (e.g., Haynes 
Inlet, Upper Bay, Isthmus Slough, and Catch-
ing Slough) is muddier than sediment near 
the mouth of the estuary (e.g., lower South 
Slough and Lower Bay Subsystems). Sediment 
composition is commonly classified using the 
Wenthworth Grade Scale, based on the parti-
cle size and cohesive properties of a material 
(Wenthworth 1922)(Table 1). 

These conclusions are generally supported 
by Oregon’s newly developed estuary habi-
tat classification maps using NOAA’s Coastal 
and Marine Ecological Classification Standard 
(CMECS) applied to Oregon estuaries by the 
Oregon Department of Land Conservation 
and Development (Figure 1). 

Coos River Sediment
Hubler (2008) suggests that elevated levels of 
fine sediments in some rivers and streams on 
the southern Oregon coast may be stressful 
to aquatic biota. In her report, fine sediment 
stress is categorized into four categories 
(Figure 3). Fines in the Coos River subsystem 
sampling sites exceeded Hubler’s lowest/least 
stress sediment category (0-10% fines) con-
sidered to be stressful to macroinvertebrate 
communities. However, the median sediment 
score in the Coos river did meet the moder-
ate stress benchmark (11-20% fines). Thus, 
sediment stress in the Coos river is higher 
than the smaller estuaries (e.g., Necanicum, 

Table 1. Wentworth Scale for Sediment Classification 
Source: Bartram and Balance 1996

Figure 2. Cumulative distribu-
tion functions (CDFs) show the 
percentage of fine sediment 
versus the total area of seven 
Oregon estuaries. Relatively 
steep CDFs represent sandy 
estuaries (e.g., Nestucca and 
Salmon). CDFs with shallow 
gradients indicate “silty” estu-
aries (e.g., Yaquina and Coos). 
Source: Lee II and Brown 2009
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Nehalem) but lower than, or similar to, the 
estuaries associated with major coastal rivers 
(e.g., Coquille, Umpqua rivers)(Figure 4).

Background

Sediment distribution in estuaries is deter-
mined by dynamic hydrologic processes that 
control sediment inputs and outflows (Thrush 
et al. 2004; Bell et. al 2000). Sediment distri-
bution and estuarine residence time depends 
on many factors including: a) particle den-
sity, size, and shape; b) flow conditions; c) 
tidal and wave motion; d) vegetation; and e) 
precipitation (Bell et al. 2000; Stevenson et al. 
1988; Wright 1977; Bartram and Balance
1996). Many determinants of estuarine 
sediment dynamics are naturally occurring, 
but human activities (e.g., shellfish culture, 
land use changes, dredging) can also change 

the way sediments are distributed (Bell et al. 
2000; Pregnall 1993). 

Sediments provide vital estuarine habitat 
for many organisms such as bivalves, snails, 
worms, echinoderms, crustaceans, etc. These 
organisms live in the sediment and often fa-
cilitate important ecological and geochemical 
processes in the estuary (Thrush et al. 2004). 
Sediments also facilitate the transport of nu-
trients and contaminants within aquatic eco-
systems (Bartram and Ballance 1996; Swett 
2010). This is particularly true of fine sedi-
ments (i.e., silt and clay), which are “respon-
sible for a significant proportion of the annual 
transport of metals, phosphorus, chlorinated 
pesticides, and many industrial compounds 
such as polynuclear aromatic hydrocarbons, 
polychlorinated biphenyls, dioxins and fu-
rans” (Bartram and Ballance 1996).

Figure 4. The Fine Sediment Score 
indicates the amount of sediment-re-
lated stress on macroinvertebrates 
in coastal streams and rivers. Low 
stress environments (green) are 
generally found on the north coast, 
while southern Oregon streams tend 
to be moderately stressful (yellow) or 
highly stressful (red) environments. 
Source: Hubler 2008

Figure 3. Fine Sediment Stressor 
categories. Source: Hubler 2008
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Oregon Department of Environmental Quali-
ty (ODEQ). 1999. [CEMAP Sediments]. Un-
published raw data. Retrieved from: http://
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Oregon Department of Environmental Quali-
ty (ODEQ). 2001. [CEMAP Sediments]. Un-
published raw data. Retrieved from: http://
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Oregon Department of Environmental Quali-
ty (ODEQ). 2004. [CEMAP Sediments]. Un-
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ty (ODEQ). 2005. [CEMAP Sediments]. Un-
published raw data. Retrieved from: http://
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Oregon Department of Environmental Quali-
ty (ODEQ). 2006. [CEMAP Sediments]. Un-
published raw data. Retrieved from: http://
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Pregnall, Maribel Marcy. 1993. Regrowth and 
Recruitment of Eel Grass (Zostera marina) and 
Recovery of Benthic Community Structure in 
Areas Disturbed by Commercial Oyster Cul-
ture in the South Slough National Estuarine 
Research Reserve, Oregon. [Master’s thesis]. 
Department of Environmental Sciences, Bard 
College, Annandale-On-Hudson, New York. 

Stevenson, J., L. G. Ward, and M. S. Kearney. 
1988. Sediment transport and trapping in 
marsh systems: implications of tidal flux stud-
ies. Marine Geology,80(1), 37-59.

Swett, Michael P. 2010. Assessment of Ben-
thic Flux of Dissolved Organic Carbon in Estu-
aries Using the Eddy Correlation Technique. 
Master’s Thesis, University of Maine.

Thrush, S. F., J. E. Hewitt, V. J. Cummings, J. 
I. Ellis, C. Hatton, A. Lohrer, and A. Norkko. 
2004. Muddy waters: elevating sediment 
input to coastal and estuarine habitats. Fron-
tiers in Ecology and the Environment, 2(6), 
299-306.

Although sediments are a fundamental part 
of a fully functioning estuary, excessive sed-
iment loading is increasingly recognized as a 
threat to the quality of coastal and estuarine 
environments (Thrush et al. 2004). Bell et al. 
(2000), explain that rapid changes to sedi-
ment patterns can harm many of the animals 
that live in aquatic systems. Fine sediments, 
in particular, “can easily push the sedimenta-
tion balance towards irreversible infilling.” 
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Chapter 11: Stream and 
Riparian Habitat in the Lower 
Coos Watershed

Stream and Riparian Habitat: 
All evaluated reaches suffer from a lack of 
large woody debris, and sediment levels 
in essential riffle habitat regularly exceed 
ODFW benchmarks. Pool area is good, and 
may become a vital habitat resource in the 
face of advancing climate change.

Colin Duncan, Jenni Schmitt, Rose Rimler, Colleen Burch Johnson - South Slough NERR
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Chapter 11: Stream and Riparian 
Habitat in the Lower Coos 
Watershed

This Chapter includes a single data 
summary: Stream and Riparian 
Habitat in the Lower Coos Wa-
tershed– which describes the most 
current status and trends of import-
ant stream and riparian habitat 
attributes including pool area and 
residual pool depth, large woody 
debris (pieces, volume, and key piec-
es), gravel and sediment in riffles, 
road-related sediment and bank 
stability, and riparian cover type 
and percent shade.

Data Sources

Data used in this chapter came primarily from 
Coos Watershed Association (CoosWA) re-
ports (CoosWA 2006, 2008, 2011) and survey 
work (Cornu et al. 2012), and from Oregon 
Department of Fish and Wildlife (ODFW) 
surveys conducted between 1998 and 2013. 
Each of these sources addresses a different 
part of the lower Coos watershed, and they 
bear enough similarity in methods and anal-
yses to be largely comparable. The CoosWA 
surveys took place on selected reaches in 
various Coos watershed sub-basins and were 
intended to be indicative of the status of 
entire sub-basins. The ODFW surveys were 
disbursed throughout the Coos watershed.

Data Gaps and Limitations

The stream and riparian habitat summary re-
lies heavily on data gathered from Coho habi-
tat surveys. Due to the species-specific nature 
of the surveys, data gathered may be less 
applicable to other species of concern, such 
as lamprey or sturgeon, which may thrive in 
conditions different from those beneficial to 
salmonids.

Studies summarized in this document are not 
necessarily evenly distributed through time 
and space. This reflects the limited resourc-
es of researchers and occasionally limited 
access to various areas of the Coos watershed 
(especially private property). Additionally, the 
units of study employed in these reports are 
stream “reaches” which vary in length, mak-
ing comparisons difficult. Surveys also do not 
comprehensively cover the entire watershed; 
the area west of the North Slough sub-basin 
and the upper reaches of the watershed, in 
particular, are not addressed in the CoosWA 
surveys. Finally, the ODFW summer habitat 
surveys go back to 1998, and it is possible 
that conditions in the reaches surveyed 
have changed over the duration of the study 
and that these changes were not taken into 
account. 

There are factors that should be taken into 
account when using the Habitat Limiting 
Factors Model (HLFM) to evaluate the con-
dition of a watershed (Nickelson 1998). In 
the first place, the HLFM relies on data from 
both summer and winter habitat surveys. As 
stream habitats are  typically surveyed during 
the summer, Nickelson was forced to develop 
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a multiple regression model to predict winter 
habitat capacity from summer habitat data. 
HLFM estimates of winter habitat, while sta-
tistically robust, may therefore not be based 
on actual winter survey observations. 

The HLFM also implicitly assumes that winter 
habitat is the primary bottleneck to salmonid 
smolt production, and assumes that salmo-
nid survival rates from Coho egg deposition 
to summer parr (large juvenile salmonid, 
between a fry and a smolt) is 7.2% for all 
reaches at full seeding (the number of wild 
Coho in a spawning population that produces 
the most juveniles a habitat will support). 
Furthermore, the model designer notes that 
during 1990-95, the correlation between es-
timated habitat quality and observed salmon 
in the Coos basin was not as good as in other 
Oregon coast basins. Nickelson (1998) at-
tributed this phenomenon to lower exploita-
tion rates and better marine survival condi-
tions during this period. These factors should 
be taken into account when considering the 
results of HFLM in the Coos watershed. 

Finally, not all of the assessments evaluate 
the same factors which can hinder compar-
isons. Of particular note, only 9 of the 15 
evaluated sub-basins addressed in this assess-
ment were subject to the HLFM, and only 7 
had their potential and actual shade modeled 
using the SHADOW model. This means that 
while common sense might suggest that con-
ditions similar to those portrayed by the mod-
els are prevalent to some degree throughout 
the watershed, there is not necessarily either 
documentary or model evidence to support 

such an assertion. What is more, the observ-
able variation in conditions between indi-
vidual reaches means that while models and 
averages may reflect large patterns in habitat 
quality, any given reach may be very different 
from its neighbors, and from model results. 
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How Local Effects of Climate 
Change Could Affect Stream 
and Riparian Habitat in the Lower 
Coos Watershed
Summary: 

 § Reduced summer stream flows 
may result in higher summer water 
temperatures, increasing reliance on 
deep pools as cool water refuge for 
aquatic organisms, and restricting 
salmonid habitat, especially in the 
watershed’s lower reaches. 

 § Increased winter flows may result in fish 
habitat erosion and scouring, increasing 
reliance on deep pools as refuge from strong 
currents for aquatic organisms.

 § Changes in habitat availability and the timing 
of resource availability may affect aquatic 
species’ abundance and distribution.

 § Changes in vegetation may affect bank 
stability and shade potential.

Summer and Winter Flows

The local effects of climate change may affect 
stream habitat in the project area through 
periodic wintertime increases in stream flows 
(from more frequent and intense storms), 
and summertime reductions in stream flows 
(from longer, dryer summers)(OCCRI 2010)
(see sidebar). Recent observations in Idaho 
have documented rising water temperatures 

in lakes and streams, affecting the quality of 
salmonid habitat (Isaak et al. 2010). The Coos 
watershed may be spared the most dramatic 
reductions in summer stream flows, as these 
are expected to take place in areas depen-
dent on snow pack (Dalton et al. 2013, Ashfaq 
et al. 2013); stream flows in coastal Oregon 
are affected almost entirely by rainfall (OCCRI 

Photos:  The West Fork Millicoma River habitat logs 
in the Elliot State Forest (Top) and springtime flows 
(Bottom). Credits: Department of State Lands and 
Francis Eatherington
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tible to temperature changes than streams 
fed from snow pack (Mohseni et al. 1998). 
Such temperature changes may be particular-
ly severe in the lower watershed, where wid-
er, shallower waterways and lack of shade can 
increase stream temperatures to levels higher 
than salmonids can tolerate. Weybright 
(2011) has already documented juvenile Coho 
migrating upstream in the Coos watershed, 
concurrent with a rise in summer tempera-
tures. The contraction of summer salmonid 
habitat may occur earlier and end later each 
year in lower watershed stream reaches. This 
change could result in prolonged summer 
crowding and associated competition for re-
sources in middle and upper stream reaches. 

The multi-model mean value of water tem-
perature rise is 7˚ F (4˚ C) by 2100 in the Pacif-
ic Northwest (Figure 1). As temperatures rise, 
deep pools may play a larger role in main-
taining summer habitat potential than they 
have in the past. Goniea et al. (2006) found 
upstream Chinook salmon migration slowed 
during seasonal high temperatures (above 20˚ 
C) and in warmer years, as the returning salm-
on made temporary use of cooler tributaries 
as thermal refugia. Pools also provide ther-
mal refuge during low flow events, as well as 
permitting fish to hide from predators (Fos-
ter et al. 2001). As low flow events become 
more frequent, however, average pool depth 
may decrease, intensifying competition for 
remaining deep pool habitat. The availability 
of pool habitat may thus become a limiting 
factor for Coho and other salmonid species in 
more reaches of the Coos watershed.

 

Changes in Precipitation Timing, 

Frequency, Abundance, and Intensity 

In the future, precipitation in coastal 

Oregon is expected to remain a 

predominately wintertime phenomenon 

(i.e., most precipitation will continue to 

occur in the winter). However, the extent 

to which precipitation timing, frequency, 

abundance, and intensity on the Oregon 

coast may change in the future remains 

uncertain. There is evidence that high-

intensity storms are becoming more 

frequent, and that the frequency of weak 

to moderate-strength storms is declining. 

Climate models suggest that summers 

in the Pacific Northwest will become 

warmer and drier; a 14% decrease in 

summertime precipitation by the 2080’s 

is predicted. 

Sources: Sharp 2012; OCCRI 2010; OSU 

2005

2010). Regardless, some summertime stream 
flow reductions are still expected, which may 
reduce the range of summer habitat in the 
Coos watershed for temperature-sensitive 
fish, like juvenile Coho salmon. 

Also, while snow pack does not affect stream 
flows in the project area, the lack of snow 
melt may render the watershed more suscep-
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Figure 1. Smoothed curves and bounds 
for 20th and 21st century Pacific North-
west water temperature model simu-
lations, relative to the 1970 - 99 mean. 
The heavy smooth curve (black and red 
line) for each scenario is the weighted 
multi-model mean value. The top and 
bottom bounds of the shaded areas are 
the 5th and 95th percentiles of annual 
values (in a running 10-year window) 
from ~20 simulations, smoothed in the 
same manner as the mean value. Mean 
warming rates for the 21st century differ 
substantially between the two scenarios 
here presented after 2020. From Mote 
and Salathé (2010).

Battin et al. (2007) identified minimum flow 
during the pre-spawning period (during 
which salmon return to freshwater but before 
they spawn) as a limiting factor for Chinook 
salmon in the Pacific Northwest. This may be 
due to a number of factors, such as tempera-
ture-related stress, increased vulnerability 
of returning adults to predation (due to lack 
of cover), and reduced access to gravel beds 
suitable for redd creation. 

Battin et al. noted,  however, that the worst 
effects tended to be at high elevation, as 
climate impacts on hydrology were predicted 
to be greatest in these areas. This may paint 
a slightly rosier picture in the lower Coos wa-
tershed than that predicted by Battin, whose 
study area (the Snohomish Basin) received 
water that drained from mountainous areas 
well over 1,000 meters of elevation.

Battin et al. (2007) also predicted that in-
creased high flow events during the winter 
had the potential to scour out redds, killing 
incubating salmon eggs. While winter high 
flows may present a similar threat to Coho 
eggs, it is also possible that the Coos water-

shed may be spared the worst of this predic-
tion, again due to the watershed’s relatively 
low elevation and reliance on rainfall more 
than snow pack (Mantua et al. 2009). The 
predictions in Battin et al. (2007) were based 
in an increase in winter high flow events in 
the Cascades, due to warmer air tempera-
tures preventing snow pack and sending wa-
ter downstream during the winter that would 
normally have melted gradually during the 
summer. The streams of the Coos watershed 
are not so dependent on snow pack due to 
their low elevation, meaning that the mod-
eled impact of winter high flows may not be 
as severe locally. However, given the complex-
ity and uncertainty associated with climate 
change (see sidebar), and given that winter 
high flow events already have an impact on 
fish survival in the Coos watershed (Wey-
bright 2011), it may be prudent to prepare 
for future storm-driven changes to stream 
habitats in the Coos watershed.

Changes in Habitat Use

Climate-induced habitat changes may also 
affect the manner in which aquatic species 
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use their habitat. For example, Crozier et 
al. (2011) determined that sockeye salmon 
migration on the Columbia River now takes 
place approximately 10.3 days earlier than it 
did in the 1940s, corresponding with a 2.6˚ C 
(4.7˚ F) increase in average water tempera-
tures. 

In the Coos watershed, Weybright (2011) doc-
umented juvenile Coho engaging in different 
habitat use strategies, which he identified as 
summer mobile, winter mobile, summer sed-
entary, and winter sedentary. Sedentary fish 
tended to attach themselves to one particular 
area of a stream, usually a pool, while mobile 
fish moved frequently from place to place and 
habitat to habitat. Further, Weybright noted 
differences in survival rates among fish adopt-
ing these different strategies: in particular, 
he documented higher survival rates among 
winter sedentary fish compared with winter 
mobile fish. 

Given the likelihood that pool habitat will 
increase in importance as refuge from both 
summer low flows and winter high flows, the 
difference in survival rates between mobile 
and sedentary fish in the Coos watershed 
may increase, as sedentary fish prove more 
resilient in the face of habitat change. In the 
long run, this may result in Coos watershed 
Coho populations becoming more sedentary 
and pool-loving in their habitat use, further 
increasing the importance of pools and 
pool-supporting habitat resources.
It’s also possible that concerns noted by 
Dalton et al. (2013) may affect the viability of 
aquatic species in the Coos watershed. If the 

 

Uncertainty in Predicting Local Effects of 

Climate Change

There is inherent uncertainty in predicting 

what the local effects of climate change are 

likely to be. The uncertainties generally fall 

into three categories: 1) Natural variability 

of the earth’s climate; 2) Climate sensitivity 

(how the earth’s climate system responds to 

increases in future greenhouse gas levels); 

and 3) Future greenhouse gas emissions. 

To manage for these uncertainties, climate 

scientists use multiple models (“multi-model 

ensembles”) that incorporate the estimated 

range of possible natural variability, 

climate sensitivity, and future greenhouse 

gas emission values when investigating 

climate-related change. The models typically 

generate a range of values for potential 

future air temperatures, ocean surface 

temperatures, sea level rise, etc., which 

naturally become increasingly variable the 

longer into the future the model predicts. 

This approach gives communities a range 

of projections to consider when developing 

climate change vulnerability assessments 

and adaptation plans.

Sources: Sharp 2012; Hawkins and Sutton 

2009
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timing of local salmonid life cycles and the 
availability of critical resources become mis-
aligned (e.g., the timing of salmonid fry emer-
gence and aquatic insect hatches), it could 
create a timing mismatch between resource 
availability and species’ needs, and the ability 
of the local habitat to support salmonids and 
other species may be greatly reduced. The 
exact responses of different habitat resources 
and different species life cycles to changes in 
climate are a source of uncertainty. It may be 
difficult to predict such mismatches in ad-
vance.

Changes in Riparian Vegetation

The watershed’s proximity to the ocean may 
provide its riparian forests with some tem-
perature relief compared with more extreme 
temperature increases likely to occur further 
inland. Considering the current scarcity of 
large, old riparian conifers in the Coos wa-
tershed (see Terrestrial Vegetation summary 
in Chapter 12: Vegetation), any climactic 
shift that might result in a change in conifer 
distribution could affect local aquatic habi-
tats. The range redistribution of important 
conifers like the Douglas fir, cedar, and spruce 
are particularly worrisome, as these are the 
sort of large trees commonly found in high 
quality riparian habitat. Should a change in 
their distribution affect the Coos watershed, 
it could have important implications for key 
habitat resources like large woody debris 
in streams, and perhaps bank stability and 
riparian shade. However, it should also be 
noted like conifer species that are currently 
distributed south of the project area may also 
expand their ranges northward due to climate 

change, which could fill the gap created by 
local species retreating north.  
While the gradual shift of tree species north-
ward may move at a relatively sedate pace, 
pathogens that can decimate tree communi-
ties in short order are capable of much faster 
movement, as they can be transported by 
organisms, vehicles, and even people. This 
range allows pathogens to adapt to changes 
in climate far more rapidly than tree commu-
nities, with possibly devastating results for 
trees. 

The most iconic case of such movement 
may be that of Sudden Oak Death. A mere 
six years after the first symptomatic tanoaks 
(Notholithocarpus densiflorus) were observed 
in Marin County, California, the pathogen 
responsible (Phytophthora ramorum) was 
detected by aerial survey in Curry County, OR 
(Kliejunas 2010).

Although P. ramorum is cause for concern 
in itself, it also acts as an example of what 
may be expected from other pathogens and 
parasites as their range changes in response 
to climate change. Compared to trees, patho-
gens and parasites have rapid life cycles. They 
can also travel quickly, often with unwitting 
human assistance. It is instructive to examine 
how in a mere two decades since the first 
infection, P. ramorum has traveled hundreds 
of miles, cost millions of dollars in damages 
and control actions, and altered the species 
balance of trees in northern California, and 
soon, possibly, in southern Oregon. 

Phytophthora ramorum does not act alone. 
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Across the planet, forest communities have 
changed in response to changes in pathogen 
ranges facilitated by climate change. On the 
eastern seaboard, the hemlock woolly adelgid 
(Adelges tsugae) is currently decimating 
hemlock forests (Thompson et al. 2013). This 
parasite has moved steadily northward from 
its initial observation point in Richmond, VA 
in 1952, and is currently changing the species 
mix of forests as far north as Massachusetts. 
The parasite’s spread seems limited by cold 
temperatures at higher latitudes, but as 
warming continues, the quiet epidemic seems 
likely to spread. 

Closer to home, Douglas fir in the Coos 
watershed already suffers from Phaeocrypto-
pus gaeumannii, a fungus that causes Swiss 
needle cast (Figure 2)(Robinson 2009). This 
pathogen causes fir needles to turn yellow 
and fall off the tree, ultimately retarding 
growth by reducing the tree’s ability to photo-
synthesize. Research by Watt et al. (2010) has 
established that this pathogen, like P. ramo-
rum, is temperature-controlled, and warmer 
winters may facilitate its spread to higher lat-

Figure 2: Douglas fir infected with Phaeocryptopus gaeumannii
USDA Forest Service – North Central Research Station
Source: www.forestryimages.org

itudes and increase its impact in areas where 
it is already present. In addition to impacting 
the local economy, which relies heavily on 
Douglas fir as a commercial product, Swiss 
needle cast has the potential to negatively 
impact the growth of a key riparian conifers, 
affecting stream habitat quality throughout 
the watershed.
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Summary:
 § Almost all stream reaches surveyed lacked 

large woody debris, particularly key pieces 
that perform essential ecosystem functions. 

 § Fine sediment loads documented in key 
stream riffle habitats may limit the ability 
of salmonids to successfully reproduce.

 § Streams in the lower watershed were 
largely unshaded, which may contribute 
to high summer temperatures that restrict 
summer rearing habitat for juvenile 
salmonids.

 § Stream surveys in the project area 
focused mostly on salmonid habitat needs 
(particularly for Coho salmon). More 
broadly focused stream habitat evaluations 
are needed to investigate the status of 
habitat for other aquatic organisms (e.g., 
lamprey and sturgeon). 

Stream and Riparian Habitat
in the Lower Coos Watershed

Figure 1: “High Aquatic 
Potential” streams in the 
project area in combination 
with streams where fish 
presence is known or
assumed. Project area 
shaded in yellow and 
outlined in black. Data: 
ODF n.d.
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Figure 2. Subwatersheds evaluated by CoosWA 
for stream and riparian habitat surveys. With 
the exception of South, Isthmus, and Coalbank 
Sloughs, all drainage basins were also evaluated 
with HLFM modeling. Data: CoosWA 2006, 2008, 
2011c; Cornu et al. 2012

What’s happening?

This data summary describes the status of key 
stream habitat resources in the lower Coos 
watershed, especially as they relate to the 
habitat needs of Coho salmon (Oncorhynchus 
kisutch). 

Figure 1 shows the distribution of streams 
in the project area with high potential for 
supporting runs of Coho salmon, as well as 
streams in which the presence of Coho has 
been verified or assumed. Developed by the 
Oregon Department of Forestry (ODF), High 
Aquatic Potential (HAP) streams are small 
(annual average flow ≤2 cubic feet per second 
[cfs]) and medium (2-8 cfs) streams with sig-
nificant potential to provide high quality fish 
habitat – specifically for Coho salmon produc-
tion (Oregon Plan 2012). HAP streams have 
a gradient ≤6% and a valley width index (the 
ratio of active channel width to valley width) 
of ≥2.5, which allows the stream to migrate 

and meander. Designated HAP streams do 
not necessarily indicate the presence of high 
quality Coho salmon habitat (e.g., it could be 
lacking large wood or have little shade and 
high stream temperatures), only the presence 
of favorable habitat potential. These data can 
nonetheless help land managers prioritize 
stream reaches for enhancing habitat, espe-
cially when used with additional data.

Another way to identify limiting habitat fea-
tures, and target potential restoration sites, 
is with the use of a Habitat Limiting Factors 
Model (HLFM), described by Nickelson (1998) 
and modified by Rodgers et al. (2005)(see 
also Background section below). The HLFM 
model was used in two Coos Watershed 
Association (CoosWA) assessments (2006, 
2008) to identify Coho salmon habitat lim-
itations in the lower Coos watershed (Figure 
2); it was also used in a similar assessment of 
the Elliott State Forest (ODF 2003). The HLFM 
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Willanch Creek, Catching Slough, Daniels 
Creek, and Millicoma and lower South Fork 
Coos Rivers. Winter Coho habitat generally in-
cludes adequate pools (especially secondary, 
off-channel pools) and beaver ponds (Co-
osWA 2008). This trend suggests that habitat 
enhancement focusing on such pools might 
have a greater potential to improve Coho 
smolt production in these watersheds than 
other conservation measures.

Subwatersheds that identified summer 
habitat as the primary limiting factor to 
Coho salmon production were North Slough, 
Palouse Creek, Kentuck Creek, and Echo 
Creek. In these subwatersheds, summer tem-
peratures were regularly cited as restricting 
Coho habitat and constraining the population 
level (CoosWA 2006). High temperatures in 
lower tidal reaches were noted as particularly 
important factors, and are consistent with ob-

model identifies which habitat resource (e.g., 
summer or winter habitat) is least available. If 
these resources were made more available, it 
could allow Coho salmon populations to grow 
until they’re constrained by the next most 
limiting habitat factor.

For example, ODF (2003) found that the most 
limiting factor for Coho salmon migration to 
and from the Elliot State Forest was human 
barriers (e.g., inadequate culverts and tide 
gates), particularly for juvenile Coho salmon. 
Winter habitats, such as off channel habitats 
that protect juvenile fish during high winter 
flows, were also found to limit Coho salmon 
production.

Of the nine subwatersheds modeled by 
CoosWA, winter habitat was described as 
the major seasonal habitat limiting factor to 
Coho smolt production in five: Larson Creek, 

Figure 3. General locations of stream 
reaches surveyed by ODFW 1998-2013 
(in blue) within the project area. Location 
of reach within the stream and reach 
lengths are approximate. Orange shading 
indicates the project area. Data: ODFW 
2013
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2011c)(Figure 2). Oregon Department of Fish 
and Wildlife (ODFW 2013) habitat surveys 
within the project area from 1998 to 2013 are 
included for comparison (Figure 3). Where 
data from other sources are used, it is noted 
in the text. Key ODFW and United States Envi-
ronmental Protection Agency (USEPA) stream 
habitat benchmarks are listed in the sidebar 
(next page). The Background section provides 
additional information about the habitat fea-
tures discussed in this section. 

Pool Habitat

Pool Area
The ODFW benchmark for minimum pool 
area is 10% of total stream area; 35% is the 
preferred pool area benchmark (OCSRI 1997). 

Figure 4. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for pool area 
of streams. 
Data: CoosWA 2006, 
2008, 2011c; Cornu et 
al. 2012 

servational evidence of Coho salmon migrat-
ing upstream ahead of temperature spikes in 
the lower reaches (Weybright 2011).

Status of Stream and Riparian Habitat 

The status of features associated with key 
summer and winter Coho salmon stream 
habitats is examined in more detail below. 
These features include: Pool Habitat (pool 
area, residual pool depth), Large Woody De-
bris (pieces [abundance], volume, key pieces), 
Riffle Substrate (gravel, silt/sand/fine organ-
ics), Road-related Sediment (road structures, 
bank stability), and Riparian Habitat (cover 
type, shade). These evaluations come pri-
marily from CoosWA survey work (Cornu et 
al. 2012) and reports (CoosWA 2006, 2008, 

Pool Area of Streams
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Stream Habitat Benchmarks

Pool area
Minimum: 10%; Preferred: 35%
(% total stream area)

Residual pool depth
Small stream minimum: 0.2m; 
Preferred: 0.5m
Medium stream minimum: 0.3m; 
Preferred: 0.6m

Large wood pieces
Minimum: 10pieces/100m of stream 
Preferred: 20 pieces/100m of stream

Large wood volume
Minimum: 20m3/100m
Preferred: 30m3/100m

Large wood key pieces
Minimum: 1 piece/100m of stream
Preferred: 3 pieces/100m of stream

Gravel in riffles
Minimum: 15%; Preferred: 35%

Sediment in riffles
Streams with sedimentary parent material
Maximum: 20%; Preferred: 10%
Streams with low (<1.5%) gradients
Maximum: 25%; Preferred: 12%

Bank stability*
Minimum: 90% 

Shade

Small stream (<12m) minimum: 60%; 
Preferred: 70%
Large stream (>12m) minimum: 50%;
Preferred: 60%

Source: Foster et al. 2001, CoosWA 2011c
* USEPA benchmark; all others are ODFW

Of 227 project area stream reaches evaluated 
by CoosWA, nearly 66% (149) met or exceed-
ed the ODFW preferred benchmark, 22% (51) 
met the minimum benchmark, and 12% (27) 
failed to meet any benchmark (Figure 4). 
By contrast, of nearly 40 reaches evaluated by 
ODFW during 1998-2013 summer surveys in 
the project area (Figure 3), 28% (11) exceed-
ed the preferred benchmark, 51% (20) met 
the minimum benchmark, and 21% (8) failed 
to meet either benchmark. ODFW data indi-
cate an average pool area per reach of nearly 
29%, but as Figure 5 indicates, the average 
conceals a wide variation range, from 0% pool 
area to nearly 100%. If anything, the average 
may be slightly biased in favor of high pool 
content by a few reaches with exceptionally 
high content (the median, by contrast, is a 
somewhat more modest 23%).

It is important to note that greater numbers 
of pools tended to be found in the lower 
reaches of the subwatersheds examined, 
where human use generally intensifies. 
Dredging, channelization, and diking can alter 
water flow; tide gates at the bases of sub-
watersheds can generate a reservoir effect, 
backing up water and creating artificial pool 
environments. These artificial pools may skew 
the average pool area of streams, hiding a 
scarcity of pools in the mid-or upper reaches 
of a watershed (CoosWA 2009). 

Residual Pool Depth
The ODFW minimum benchmark for residual 
pool depth in small streams is 0.2 m (0.67 
ft); 0.5 m (1.6 ft) or deeper is the preferred 
depth. In mid-sized streams, the minimum 
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Figure 5. Percentage of pools in 
surveyed stream reaches of the 
lower Coos watershed during 
summers 1998-2003. Stream 
reaches surveyed across multiple 
years were averaged. Repeat 
stream reach names indicates 
more than one distinct reach on 
that named stream was surveyed. 
Graph background colors: Red 
zone- reach did not meet the 10% 
minimum benchmark; Yellow 
zone- reach met the minimum 
benchmark but did no meet >35% 
preferred benchmark; Green 
zone- reach met or exceeded the 
preferred benchmark of >35% . 
Data: ODFW 2013. 
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benchmark is 0.3 m (1 ft), while 0.6 m (2 ft) or 
deeper is the preferred depth (OCSRI 1997).
While a sizable majority of stream reaches 
evaluated by the CoosWA met or exceeded 
the minimum and preferred pool area bench-
marks, residual pool depth in those same 
reaches was not as impressive (Figure 6). Of 
218 reaches analyzed, 64% (140) met the 
minimum residual pool depth benchmark; 
21% (46) failed to meet the minimum bench-
mark. Only 15% (32) of the reaches met the 
preferred benchmark. The Lower Catching 
Slough, in particular, had the most pools fail 
to meet any benchmarks for residual pool 
depth. 

Figure 6. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for residual 
pool depth. Data: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012

 Summer rearing habitats have been iden-
tified as a limiting factor for Coho salmon 
populations in at least four subwatersheds 
(North Slough, Palouse Creek, Kentuck Creek, 
and Echo Creek), which suggests that residual 
pool depth might be a particularly important 
factor for Coho salmon and other tempera-
ture-sensitive species. 

Residual Pool Depth 

The term “residual pool depth” refers to the 

depth of a pool assumed to remain during 

low-flow periods such as the summer.
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Figure 7. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for LWD 
pieces in streams. Data: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012 

While it’s encouraging that the majority of 
stream reaches in the project area meet or 
exceed residual pool depth benchmarks, the 
fact that only 14% of reaches met the pre-
ferred benchmarks raises questions about 
how well-prepared the watershed may be to 
withstand extreme low-flow events such as 
droughts. Droughts may limit the availability 
of pools as a habitat resource, putting pres-
sure on pool-dependent species like Coho 
salmon. This may be a particularly serious 
concern in the context of a changing climate. 
In the future, the project area may experi-
ence longer and dryer summers, increasing 
the frequency and severity of low stream flow 
events (see Stream Habitat Climate Change 
Summary).

Large Woody Debris (LWD)

Large Wood Pieces 
The ODFW minimum benchmark level of LWD 
in riparian habitat is 10 pieces per 100 meters 
of stream, with 20 pieces per 100 meters of 
stream being preferred (OCSRI 1997). 

As shown in Figure 7, of 226 stream reach-
es evaluated by the CoosWA, 8% (18) met 
the preferred benchmark, 15% (34) met the 
minimum benchmark, and 77% (174) did not 
meet either benchmark. Of particular note is 
the North Slough watershed, which did not 
have a single surveyed reach that met the 
minimum benchmark for large wood pieces. 
In every subwatershed, reaches not meeting 
either benchmark outnumbered those that 
did.



Figure 8. Pieces of LWD per 100 m stream reach during summers 1998-2013. Stream reaches 
surveyed across multiple years were averaged together. Multiple years’ data were averaged. 
Repeat stream reach names indicates more than one distinct reach on that named stream was 
surveyed. Graph background colors: Red zone- reach did not meet the 10 pieces/100 m of 
stream minimum benchmark; Yellow zone- reach met the minimum benchmark but did no meet 
>20 pieces preferred benchmark; Green zone- reach met or exceeded the preferred benchmark 
of >20 pieces /100 m of stream. Data: ODFW 2013. 
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Summer surveys conducted by ODFW (Fig-
ure 3) paint a slightly different picture, as 
shown in Figure 8. In these surveys, 23% of 
surveyed reaches (9 of 39) met the preferred 
benchmark, 28% (11) met the minimum 
benchmark, and 49% (19) failed to meet the 
minimum benchmark. This difference may 
reflect minimal overlap between the reaches 
surveyed by ODFW and those surveyed by 
the CoosWA since CoosWA’s surveys were 
focused on lower watershed tributaries only. 
Even so, nearly half the ODFW surveyed 
reaches do not meet the minimum standard 
for pieces of LWD per 100 meters of stream. 
Additionally, both surveys document a dis-
tinct lack of LWD in project area streams.

Figure 9. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for volume 
of LWD in streams. Data: 
CoosWA 2006, 2008, 
2011c, Cornu et al. 2012

Figure 8 also demonstrates the high level 
of variability and therefore the high level of 
uncertainty associated with evaluating LWD 
in streams. Values in the ODFW surveys range 
from 0 to 51 pieces of LWD per 100 meters of 
stream. 

Large Wood Volume
As shown in Figure 9, of 226 reaches eval-
uated by the CoosWA for wood volume in 
streams, 4% (10) met the 30 m3 per 100 m 
stream reach preferred benchmark, 12% 
(26) met the 20 m3 per 100 m stream reach 
minimum benchmark, and 84% (190) failed 
to meet either benchmark. Of particular note 
are Coalbank, Lower Catching, and Upper and 



Figure 10. Volume of LWD per 100 m stream reach during summers 1998-2013. Multiple years’ 
data were averaged. Repeat stream reach names indicates more than one distinct reach on that 
named stream was surveyed. Graph background colors: Red zone- reach did not meet the 20 m3 
minimum benchmark; Yellow zone- reach met the 20 m3 minimum benchmark but did no meet 
>30 m3 preferred benchmark; Green zone- reach met or exceeded the >30 m3 benchmark. Data: 
ODFW 2013.
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Lower Isthmus subwatersheds, within which 
not a single evaluated reach met the mini-
mum benchmark.

ODFW 1998-2013 survey results indicate 
more wood volume than CoosWA surveys 
with 15% (6 of 39) of surveyed stream reach-
es meeting the preferred benchmark, 18% (7) 
of reaches meeting the minimum benchmark, 
and 67% (26) of reaches failing to meet either 
benchmark (Figure 10). Both CoosWA and 
ODFW surveys further highlight the alarming 
lack of wood volume in project area streams.

ODFW’s LWD volume results averaged 15 
m3/100 m stream reach (median: nearly 12 
m3/100 m). But these data are highly vari-
able, ranging from 0 to 49 m3/100 m. No 
LWD was found in Kentuck Inlet tributary or 
North Slough. The highest volume was found 
in Woodruff Cr, where it easily exceeded 
ODFW’s preferred LWD volume benchmark.

Large Wood Key Pieces
As shown in Figure 11, of 226 stream reach-
es evaluated by the CoosWA, an astonishing 
94% (214) of the reaches did not meet either 
ODFW LWD key pieces benchmark. Only 4% 
(10 reaches) met the 1 key piece per 100 m 
stream reach minimum benchmark, and <1% 
(2 reaches) met the 3 per 100 m stream reach 
preferred benchmark. Four stream reaches 
in South Slough and one in the North Slough  
met ODFW LWD key piece benchmarks. The 
Millicoma and lower South Fork Coos Rivers 
performed best, with six stream reaches that 
exceeded ODFW’s preferred benchmark; this 
was also the only subwatershed in which 

the preferred benchmark was met. Of all the 
variables considered in this data summary, it 
is LWD key pieces that most consistently fails 
to meet benchmarks.

CoosWA stream survey results suggest slightly 
better overall conditions compared with 
ODFW’s summer surveys. As shown in Figure 
12, the overwhelming majority of surveyed 
reaches (34 of 39, or 87%) failed to meet 
either ODFW benchmarks for LWD key pieces, 
10% (4 reaches) met the minimum bench-
mark, and <3% (1 reach) met the preferred 
benchmark. Ten reaches had no key LWD 
pieces and only Woodruff Cr met the pre-
ferred criteria.

Although the general picture for all three 
LWD metrics (based on CoosWA or ODFW 
data) is that LWD is lacking in project area 
streams, there was again great variability in 
these results. Some stream reaches are well 
stocked with LWD while others aren’t. 

Riffle Substrate

Gravel in Riffles
As shown in Figure 13, of 195 reaches evalu-
ated by the CoosWA for gravel in riffles, 18% 
(36) met the 15% gravel minimum bench-
mark, 76% (149) met the 35% gravel pre-
ferred benchmark, and 5% (10) failed to meet 
either benchmark. It should be noted that the 
majority of the reaches that failed to meet 
the minimum benchmark were located in the 
South Slough watershed. All stream reaches 
surveyed in seven subwatersheds (Daniel’s 
Creek, Echo Creek, Upper and Lower Isthmus 
Slough, Kentuck Creek, Larson Creek, Wil-
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Figure 11. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for LWD key 
pieces in streams. Data: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012

lanch Creek, and Coalbank Slough) met either 
of ODFW’s riffle gravel benchmarks. Kentuck 
Creek, Echo Creek, and Coalbank subwa-
tersheds particularly stand out in that all of 
their evaluated reaches met or exceeded the 
ODFW preferred benchmarks.

Silt/Sand/Fine Organics in Riffles
ODFW uses two sets of benchmarks for 
evaluating the levels of silt, sand, and fine 
organics in riffles. The first is for streams with 
sedimentary parent material, with a maxi-
mum benchmark of 20% silt, sand, and fine 
organics, though 10% or lower is preferred. 
By contrast, low gradient (<1.5%) streams 
have a maximum benchmark of 25%, with a 
preferred level of less than 12% (OCSRI 1997).

As shown in Figure 14, of 193 reaches eval-
uated by the CoosWA for silt, sand, and fine 
organics, 11% (21) met preferred benchmark 
levels, 32% (62) met the minimum bench-
mark, and 57% (110) failed to meet either 
benchmark. This suggests consistent prob-
lems with sedimentation in the project area, 
possibly stemming from erosion from unsta-
ble stream banks, especially those lacking a 
mature riparian plant community. Upstream, 
sedimentation may originate from access 
roads and steep slopes subject to episodic 
industrial timber production. The Daniels and 
Millicoma and lower South Fork Coos Rivers 
subwatersheds stand out as exceptions by 
consistently meeting preferred ODFW sedi-
mentation benchmarks. 



Figure 12. Key pieces of LWD per 100 m stream reach during summers 1998-2013. Multiple 
years’ data were averaged. Repeat stream reach names indicates more than one distinct 
reach on that named stream was surveyed. Graph background colors: Red zone- reach 
did not meet the 1 key piece/100 m minimum benchmark; Yellow zone- reach met the 1 
key piece/100 m minimum benchmark but did no meet >3 key pieces/100 m preferred 
benchmark; Green zone- reach met or exceeded the >3 key pieces/100 m benchmark. Data: 
ODFW 2013.
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Figure 13. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for gravel 
content of riffles. Data: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012

Figure 14. Distribution of 
evaluated stream reaches 
in the project area that 
met, exceeded, or did 
not meet ODFW habitat 
benchmarks for silt, sand, 
fines, and organic content 
of riffles. Data Source: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012
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Bank Stability
Researchers also documented unstable 
banks and landslide-prone slopes adjacent to 
streams. An unstable bank is one that is ac-
tively eroding, due to its underlying geology, 
plant cover, gradient, or proximity to flowing 
water (USEPA 2012). According to USEPA, no 
more than 10% of the stream banks in a wa-
tershed with fully functioning streams should 
be considered “unstable”. 

As shown in Figure 18, of 217 reaches evalu-
ated for bank stability by the CoosWA, 51% 
(110) met the benchmark and 49% (107) did 
not. 

Areas of particular concern include the Upper 
Catching and Millicoma and lower South Fork 
Coos Rivers subwatersheds, which feature the 
highest number of reaches that fail to meet 
benchmarks. 

Figure 15. Subwatersheds evaluated by Coos Watershed 
Association for road-related sediments (shaded yellow) within 
the project boundaries (outlined in black). Data: CoosWA 2006, 
2008, 2011c; Cornu et al. 2012

Road-related Sediment

CoosWA (2006, 2008, 2011c; Cornu et al. 
2012) and ODF (2003) have conducted sur-
veys of roads (county-owned and private) and 
stream-crossing structures (including culverts) 
in the lower Coos watershed for the past 
10-20 years; their efforts cover over 550 road 
miles and over 3,700 structures (Figure 15, 
Table 1). 

Road Structures
CoosWA and ODF determined that many of 
the roads and stream-crossing structures they 
surveyed were potential sediment sources 
for project area streams, resulting from both 
chronic erosion and sudden structure failures. 
To reduce these risks, they recommended 
nearly 350 road or structure upgrades (e.g., 
ditch relief or stream crossing) and nearly 
1,650 new road improvements or structures, 
the designs of which would be guided by ODF 
regulations (ODF 2003). Of the existing struc-
tures, those with highest risk of failure could 
result in the delivery of nearly 27,000 yds3 of 
sediment; those with moderate risk have the 
potential to input over 7,400 yds3 (CoosWA 
2006, 2008, 2011c; Cornu et al. 2012).

Nearly 90 road-related sediment and fish 
passage improvement projects have been 
completed in the project area from 1995-
2013 (OWRI 2015)(Table 2, Figure 16). These 
projects have made over 41 miles of up-
stream habitat once again accessible to fish 
(Figure 17).
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Table 1. Summary of road-related sediment assessment data for most subsystems in the project area.

* Structures include stream crossings, ditch relief, ditch out, road ponding
** Stream crossings and ditch reliefs only
*** Over-representation, since report includes coastal frontal watersheds

Table 2. Summary of road-related restoration projects that occurred between 1995 and 2013 in the project area. Some road resto-
ration activities (e.g., road closures) were not included in this table. Data: OWRI 2015
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Figure 16. Road-related stream habitat improvements in the project area by  drainage basin. Improvement site 
points include such things as new or replaced culverts , fords replaced with bridges, etc. Improvement site lines 
include surface drainage improvements along a road; erosion control; and other along-road improvements. Data: 
OWRI 2013 

Figure 17. Undersized culvert with step blocked movement of Coho and Chinook to high quality upstream habitat (left). Culvert 
was removed and replaced with 26’ wide arched steel set onto concrete footings (right), allowing natural stream habitat to be 
maintained through the 126’ long passage. Source: CoosWA 2013 
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Figure 18. Distribution of 
evaluated reaches in the 
Coos watershed that met 
or did not meet USEPA 
habitat benchmarks for 
riparian bank stability. 
Note, there is no “Pre-
ferred benchmark” for 
bank stability, USEPA uses 
a pass/fail standard. Data: 
CoosWA 2006, 2008, 
2011c; Cornu et al. 2012

A landslide-prone slope is, as one might 
expect, typically steep, although even a gently 
sloping hill can lead to deep-seated, slow-
er-moving landslides (CoosWA 2011c). Land-
slide hazard assessment in the project area 
is included in Table 1. Risk varies by subwa-
tershed. High to very high landslide risk is in-
significant in some basins (e.g., North Slough 
was only 1.5% of the subwatershed area), 
while in others, it is substantial (e.g., 33.5% 
of Daniel’s Creek area)(CoosWA 2006, 2008, 
2011c; Cornu et al. 2012). For more detailed 
information on landslides and debris flows in 
the project area see the Geology Data Sum-
mary in Chapter 8: Physical Description.

Riparian Habitat

Riparian Cover Type
No applicable benchmarks to evaluate ripari-
an cover type are currently in use in Oregon,  
but a diversity of conifer and deciduous trees, 
shrubs, and herbaceous cover is considered 
desirable. Conifers are particularly valuable, 
as their large size makes them well-suited to 
contribute LWD to stream channels and pro-
vide shade. Herbaceous cover (“grass”) alone 
is possibly the least preferred vegetative cov-
er as it has limited potential to shade streams 
and its relatively shallow roots cannot hold 
soil together very effectively (CoosWA 2008). 
Riparian habitat parameters were assessed 
in CoosWA (2008, 2011c) and in Cornu et al. 
(2012).
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As may be seen in Figure 19, grass is the pre-
dominant cover type throughout the evalu-
ated drainage basins, with an average of 40% 
cover. In the subwatersheds’ lower reaches, 
this is likely due to agricultural and other hu-
man activities. The second most widespread 
cover type is shrubs, averaging 28% of cover 
throughout the evaluated areas. Deciduous 
tree cover averages 23% of the evaluated 
areas, and conifers, the least widespread of 
the cover types, average 6% cover. In some 
subwatersheds, such as Daniel’s Creek and 
Millicoma and lower South Fork Coos Rivers, 
average riparian conifer cover is only 2%.

In addition to evaluating riparian cover 
type, Robinson (2009) addressed the age of 
stands in the South Slough National Estuarine 
Research Reserve (a 6,000 acre natural area 
located in the Coos estuary and managed for 

Figure 19. Distribution of 
riparian cover in evaluated 
stream reaches of the low-
er Coos watershed. Data: 
CoosWA 2008, 2011b

long-term research, education, and coastal 
stewardship). They found that roughly 21% of 
the Reserve’s timber stands in the area were 
young (20-30 years old) and were regenerat-
ing from past harvests or other disturbances. 
By contrast, mature stands, defined as trees 
that are approximately 80-150 years old, 
comprise only about 3% of the Reserve. The 
majority of stands (76%) in the Reserve were 
between 40 and 80 years old in the compet-
itive exclusion phase of forest development, 
meaning that these are high density stands 
dominated by similarly aged trees limiting the 
growth of understory vegetation. 
The distribution of land use between forestry, 
agriculture, and rural residential uses (ex-
cluding the South Slough Reserve) is shown 
in Figure 20 and demonstrates how much of 
the watershed is managed for young forests, 
rather than the mature forests that would be 
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Figure 20. Proportions 
of the three dominant 
land use types identified 
in several project area 
subwatersheds. The totals 
do not add up to 100%, 
as there are other uses 
in the watershed, such as 
urban development. 
Data: CoosWA 2006, 
2008, 2011c

more beneficial to riparian habitat. However, 
alternate uses of watershed area (agriculture, 
residential) may be even less amenable to 
vegetative cover, so the high percentage of 
the Coos watershed which is forested may ac-
tually represent an opportunity to improve ri-
parian habitat more effectively than in other, 
more urbanized or agricultural watersheds.

Shade
The CoosWA’s 2006 assessment used photo-
graphs from 2002 U.S. Bureau of Land Man-
agement (BLM) aerial surveys to run a SHAD-
OW model that estimated both potential and 
actual shading of subwatersheds on the north 
side of the Coos estuary. The model was used 
to examine three types of stream reach: up-

per stream reaches (steep gradient, forested 
narrow canyons), upper valleys (well-drained 
valleys with some elevation change), and 
lower valleys (poorly-drained, with very little 
elevation change). Shade data were collected 
in the field to check the model’s accuracy.

SHADOW model results indicated that while 
shade in the steep canyons of subwatersheds’ 
upper stream reaches was relatively close to 
reaching its potential, shade values dropped 
dramatically in both upper and lower valley 
areas. This likely reflects the contrasting vege-
tation cover associated with industrial forest-
ry and agricultural land uses in local subwa-
tersheds. Figures 21, 22 and 23 illustrate the 
disparity between potential and actual values 
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of riparian shade in different reaches of the 
subwatersheds to which the SHADOW model 
was applied.

ODFW benchmarks for shade cover are for 
streams with an active channel width <12m, 
less than 60% shade cover is undesirable and 
more than 70% is desirable, and for streams 
>12m wide, less than 50% shade cover is 
undesirable and more than 60% is desirable 
(Foster et al. 2001). 

The CoosWA and Cornu et al. assessments did 
not compare riparian shade analyses using 
ODFW benchmarks. Though we do not know 
the size of reaches from their shade analyses, 
ODFW’s benchmarks can still be generally 
applied. All of the upper reaches met both 
the <12m and >12m benchmarks for desirable 
shade cover. The upper valley reaches were 
more mixed; Willanch Creek failed to meet 
any benchmark while Daniel’s Creek, Echo 
Creek, and Kentuck Creek exceeded the most 
stringent benchmark (streams <12m (70%)). 
The reaches in the lower valleys were the 
least able to offer shade cover. Larson Creek 
and Echo Creek were the only streams to 
meet or exceed the minimum benchmark for 
streams >12m (50%). All other lower valley 
reaches failed to meet any benchmarks. 

By reducing riparian shade on a stream, solar 
load is increased, raising stream tempera-
tures, which in turn lowers dissolved oxygen 
(DO). There are 19 streams in the project area 
listed as water quality impaired for tempera-
ture and four water bodies are listed as water 
quality impaired for DO under USEPA’s Clean 

Figure 21. Actual and potential riparian shade cover of upper 
stream reaches in the lower Coos watershed. Data: CoosWA 
2006, 2008

Figure 22. Actual and potential riparian shade cover of upper 
valleys in the lower Coos watershed. Data: CoosWA 2006, 2008

Figure 23. Actual and potential riparian shade cover of lower 
valleys in the lower Coos watershed. Data: CoosWA 2006, 2008
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Water Act (section 303(d))(Figures 24 and 25). 
Many of these streams are considered limited 
for salmon rearing due to year-round high 
temperatures. DO is the oxygen available for 
aquatic fauna and is directly related to water 
temperature; slow moving, high temperature 
waters contain less DO than cool, fast flowing 
waters. Low dissolved oxygen levels affect 
resident fish, juvenile salmon rearing and 
aquatic life in general. For more information 
on temperatures and dissolved oxygen levels 
of water bodies in the project area, see the 
Physical Factors summary in Chapter 9: Water 
Quality. 

Background

Habitat Limiting Factors Model (HLFM)
The HLFM, used in some of the CoosWA 
assessments (2006, 2008), was designed 
to identify those habitat factors that limit 

Figure 24. Streams listed as impaired for dissolved oxygen (303 
(d) listed) under USEPA’s Clean Water Act. Red dot signifies the 
start of the stream segment that is listed. Report subsystems 
delineated and labeled in blue.  Data: ODEQ 2014

Figure 25. Streams listed as impaired for water temperature 
(303(d) listed) under USEPA’s Clean Water Act. Red dot signifies 
the start of the stream segment that is listed. Report subsys-
tems delineated and labeled in blue. Data: ODEQ 2014

Coho salmon populations and smolt produc-
tion capacity in coastal Oregon watersheds 
(Nickelson 1998). In effect, the model identi-
fies resource “bottlenecks,” which resource 
managers can address to help improve Coho 
salmon populations. The HLFM focuses on 
the amount of pool habitat in stream reaches, 
particularly beaver ponds and off-channel 
pool habitat. The model evaluates winter hab-
itat capacity by total beaver and off-channel 
pool habitat, and summer habitat capacity by 
quantifying total pool habitat (which includes 
beaver, off-channel, and main channel pools)
(ODF 2003). 

The HLFM bottleneck illustrated in Figure 26 
is a habitat limitation that occurs (A) during 
winter juvenile Coho salmon migration; and 
(B) during summertime juvenile Coho salmon 
migration. A manager facing scenario A might 
consider devoting resources to off-channel 
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Figure 26. Bottlenecks identified by the HLFM model, and their 
potential affects on Coho populations. A: Winter habitat bottle-
neck; B: Summer habitat bottleneck. Source: Reeves et al. 1991

pools that give Coho salmon refuge from high 
stream flow events. Faced with scenario B, 
managers might place a higher priority on im-
proving total pool area and on strategies for 
maintaining or improving cold water refugia 
in Coho streams.

Pools
Pools in streams provide important habitat 
for juvenile and adult fish; the deeper and 
more abundant the pools, the greater the 
benefits are to fish. Pools can provide fish 
with refuge from both high-flow events (hy-
drologic refugia), when water velocity could 
damage fish, and low-flow events (cold water 
refugia), when high water temperatures could 
prove harmful. Furthermore, pool depths can 
provide refuge to fish from surface preda-
tors (Foster et al. 2001). Pools can also act as 
sediment traps, allowing silt, sand, and fine 
organics to settle out of the water column 
and leaving downstream reaches free of 
these fine particles, which might otherwise 
clog valuable gravel beds that salmonids use 
for spawning (Swales and Levings 1989).

In British Columbia, Swales and Levings 
(1989) observed age 1+ Coho expressing 
a decided preference for pools as rearing 
habitat. They also found that the growth rates 
on Coho salmon in pools were greater than 
the growth rates of those in mainstem river 
reaches. In the project area, Weybright (2011) 
found that juvenile Coho that remained in 
pools during winter had a significantly higher 
survival rate than those that exhibited more 
mobile behavior. It’s likely that the pools pro-
vided juvenile fish with refuge from winter-
time high-flow events, allowing calories that 
might otherwise have been expended fighting 
strong currents to be devoted to growth. 
Given that salmon are powerful and efficient 
swimmers compared to other species such 
as sturgeon or lamprey (Verhille et al. 2014; 
Lampman 2011), it’s possible that pools may 
prove to be even more important refuge for 
non-salmonid fish species.

During warm and dry summer months, resid-
ual pool depth may serve as essential habitat 
for fishes by providing concealment and the 
cooler water temperatures necessary for their 
health and survival (Foster et al. 2001). In 
the Oregon Coast Range, May and Lee (2004) 
found that limited residual pool habitat 
resulted in severe crowding of fish seeking 
refuge during summer low flows, and was 
associated with population decreases over 
the course of the summer. In streams subject 
to high temperatures and low summer flows 
(likely to exacerbated in the future by the 
local effects of climate change), deep pools 
are critical to the survival of temperature-sen-
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sitive species like salmon.

Large Woody Debris (LWD)
LWD provides fish with cover in streams, 
helps create pools through hydraulic scouring 
of stream beds, and enhances the quality 
of pool habitat for fish. LWD in streams also 
provides the substrate for the growth of 
microorganisms, which are the foundation of 
stream and riparian zone food webs (Cornu et 
al. 2012). 

This data summary describes LWD conditions 
in project area streams in terms of LWD “piec-
es”, “volume”, and “key pieces.” LWD pieces 
measures the frequency with which LWD is 
encountered in streams, and LWD volume 
measures amount of LWD present. Large 
volumes suggest a more persistent LWD pres-
ence and higher levels of habitat complexity 
while lower volumes suggest relatively diffuse 
and transient wood presence (as smaller 
wood is more likely to decompose relatively 
quickly or be moved downstream during high-
flow events)(Foster et al. 2001).

Key LWD pieces, by contrast, are more likely 
to have an intense, sustained impact on 
stream ecology. Key LWD pieces are defined 
as those greater than 60 cm (24 in) in diam-
eter and over 10 m (33 ft) long (OCSRI 1997). 
Larger LWD pieces are less likely to decom-
pose quickly or to be moved during high-flow 
events. Key LWD pieces also anchor and re-
tain other pieces of wood around which other 
material is deposited and trapped (Foster et 
al. 2001). Murphy and Koski (1989) found that 
key LWD pieces remained in streams signifi-

cantly longer than smaller LWD, and their 
natural rates of replenishment was signifi-
cantly slower than those of smaller pieces. 
Their research indicated that clear-cut timber 
harvesting without a stream side buffer could 
impair the ability of streams to replenish their 
stores of LWD for up to 250 years. 

Alarmingly, a distinct lack of LWD was a de-
fining feature of all evaluated subwatersheds 
of the project area. While certain individual 
reaches displayed adequate or occasionally 
even preferred levels of LWD, the over-
whelming majority failed to meet even the 
minimum benchmark. This suggests that the 
introduction of LWD (especially key pieces) 
into stream habitats might be one of the 
most immediately effective ways to enhance 
stream habitat in the project area (Figure 
27). Another way to encourage the future 
recruitment of LWD into project area streams 
is the management of riparian vegetation 
(see below) for the production of LWD. The 
simultaneous implementation of both strate-
gies would generate immediate and long term 
benefits for project area streams and associ-
ated fish populations.

Gravel and Sediment in Riffles
Riffles are fast-water stream sections 
with surface turbulence, shallow, uniform 
cross-sections, gravel or cobble substrate and 
gradients of 1% to 4% (Foster et al. 2001). Rif-
fles tend to occur more frequently in tributar-
ies and higher mainstem stream reaches (Co-
osWA 2006). All salmonid species spawn in 
gravels associated with riffles, using the gravel 
to construct redds (depressions into which 
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salmon eggs are deposited and fertilized)(Fig-
ure 28). Each salmon species prefers gravel 
of different sizes, allowing multiple species to 
reproduce in the same stream reach (Foster 
et al. 2001). It is therefore important that 
riffles contain sufficient amounts of gravel to 
support salmonid reproduction. Koski (1966) 
conducted studies in three Oregon streams 
which indicated that the composition of grav-
el within a redd was the single most import-
ant factor affecting the emergence of newly 
hatched Coho salmon.

Gravel in riffles is most useful when it coin-
cides with low levels of fine sediments such 
as silt, sand, and fine organics (SSFO). Sedi-
ment is a natural component of stream beds, 
but excessive fine sediment can fill the space 
between gravel pieces, restricting oxygen 
flow to fish eggs and the macroinvertebrate 
communities which are the prey resources 
for juvenile fish. Koski (1966) also found that 
sedimentation negatively affected the surviv-
al of emerging salmon in Oregon streams, a 
phenomenon partially attributed to “entomb-
ment”, as newly hatched salmon starved to 

Figure 27. Tributary of the West Fork Millicoma River before (left) and after (right) intentional placement of large wood pieces.
Source: CoosWA 2009

death while struggling to emerge from the 
stream bed.

Sedimentation of streams results from the 
chronic erosion of stream banks or other 
erodible watershed feature, or from sudden 
sediment depositions from episodic events 
such as landslides or culvert failures. A great 
deal of sedimentation, however, simply 
comes from unstable banks, often lacking 
vegetative cover and easily worn away by 
stream action. 

Road-related Sediment and Bank Stability
Improperly designed or maintained roads and 
culverts are major sources of excess sediment 
loading in streams. Sedimentation can occur 
gradually, as road sediments are washed from 
road surfaces with traffic and heavy rain. 
Many factors contribute to sediment-filled 
runoff from roads, including road surface 
composition, distance between culverts or 
ditch reliefs, road slope, nearby forest and 
plant cover, road age, and road traffic volume 
(ODF 2003). This sedimentation can also be 
sudden and disastrous, as when a road fill 
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slumps, a cut bank collapses, or a culvert 
washes out. 

Even the best-constructed roads can pose a 
sediment hazard when located on high gradi-
ents near streams. In 2003, ODF released the 
Forest Practices Act, which included regula-
tions on forest road construction (see sidebar)
(ODF 2003c). ODF recommends maintaining 
existing roads as one of the best strategies for 
keeping road-related sediment out of water-
shed streams (ODF 2003). 

A study conducted by CoosWA (2011b) found 
that ditch-relief culverts (structures designed 
to divert runoff from ditches to stable areas 
below roads) are very effective for reducing 
runoff and sediment delivery to streams. 
Many of the surveys discussed above recom-
mended ditch-relief culverts. 

Unstable banks contribute sediment to 
streams through collapse, slumping, chronic 
deterioration, landslides, and earth flows. 
Although a degree of erosion and occasional 
landslides occur naturally in healthy, dynamic 

Figure 28. Coho building redds in gravel in a coastal Oregon 
stream. Source: CoosWA 2011a

stream systems, an excess of bank erosion or 
failure can lead to excessive sediment loading 
in streams. 

The causes of bank instability can be natural 
or the result of human activity (particularly 
the clearing of stream side vegetation)(Figure 
29). When riparian areas undergo human 
disturbances like development, agriculture, 
timber harvest, and fires, they often lack 
the plant cover necessary to stabilize stream 
banks. In fact, plant cover is so important 
to bank stabilization that 99% of uncovered 
banks in the Catching Slough and Daniels 
Creek assessments were considered unstable 
(CoosWA 2008). To become stable, a har-
vested riparian area must be replanted. In 
coastal Oregon, replanted stream banks will 
be considered stable after about 30 years of 
riparian vegetation regrowth (CoosWA 2008). 
According to USEPA, healthy watersheds can-
not have more than more than 10% unstable 
(typically uncovered) banks; in some of our 
watersheds, unstable banks make up twice 
that percentage (USEPA 2012; CoosWA 2006, 
2008, 2011c; Cornu et al. 2012). 

Riparian Cover Type and Shade
Riparian vegetation provides a range of func-
tions for steam habitat and water quality: it’s 
the major source of stream LWD, it helps keep 
stream banks stable (Foster et al. 2001), and 
it provides important nutrients and habitat 
for macroinvertebrates and other wildlife 
(Romero 2003). Vegetation shades streams 
and pools, moderating temperatures, espe-
cially during the summer (Foster et al. 2001). 
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Figure 29. An eroding stream bank on the Oregon coast, which 
has been facilitated by the removal of stream bank vegetation. 
Source: Clackamas County Soil and Water Conservation District 
2015

The provision of stream shade is one of the 
most important functions provided by ripar-
ian vegetation, which plays a critical role in 
maintaining cold water refugia for salmonid 
and other fishes. Salmonids become stressed 
above 18˚ C (64˚ F), and the incipient lethal 
temperature for many salmonids occurs 
around 24˚ C (75˚ F). Particularly during the 
summer, intense sunlight combined with 
relatively low stream flows can make exposed 
stream reaches uninhabitable for fish. Shade 
keeps riparian habitats relatively cool and 
habitable (Foster et al. 2001).

Shrubs and trees in riparian zones provide 
food and dam building materials for beavers. 
Beaver activities provide pool complexes used 
as rearing habitat by juvenile salmonids which 
also function as sediment traps in stream 
systems. 

Riparian vegetation also enriches local stream 
system food webs. Red alder (Alnus rubra), a 
common riparian zone tree in coastal Ore-

ODF Best Management Practices for 
Road Construction

In order of priority:

1. Do not divert surface runoff onto 

steep slopes, headwalls, or active 

or recently active landslide areas, 

since additional water can trigger 

landslides. 

2. Always place adequately sized and 

positioned culverts at stream cross-

ing locations.

3. Provide a cross drainage structure 

immediately upstream from stream 

crossings to allow muddy, sedi-

ment-laden runoff to seep into the 

forest floor. Cross drains need to be 

installed as close to stream cross-

ings as possible; allow 15 - 200 ft of 

ground filtering between the outlet 

of the cross drain and the high water 

level of the stream.

4. When wet areas are crossed, pro-

vide drainage to keep water from 

affecting the road surface. 

5. Slope roads so the need for cross 

drains is minimized; space essential 

cross drains at intervals to prevent 

gully formation. 

Source: ODF 2003
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gon, is notable for fixing nitrogen from the 
atmosphere which is then contributed to 
stream systems through extensive leaf litter 
and woody material (Compton et al. 2003). 
Large conifers, by contrast, provide the key 
LWD pieces that act as shelter for salmonids 
and create essential scour pool habitat (ODF 
2003). 

The relative scarcity of large conifers in reach-
es evaluated by CoosWA may be due in part 
to riparian vegetation clearing for residences 
and agriculture activities (particularly in the 
lower reaches), in addition to legacy timber 
harvests. In large portions of the project area, 
legacy forestry practices and current timber 
harvest rules determine the species compo-
sition and density of the riparian forests that 
border project area streams. 
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Chapter 12: Vegetation in the 
Lower Coos Watershed

Rare and Endangered Plants: Three local plant 
species are listed as threatened or endangered. 
Two additional listed species occur south of the 
project area; suitable habitats for these species 
occur within the project boundary.

Seagrasses and Algae: Where data are available, 
eelgrass meadows appear stable and becoming 
denser; more data are needed. Algae are abundant, 
not necessarily indicating poor water quality.

Tidal Wetland Vegetation: Much of the historic 
wetland area in the Coos estuary has been 
permanently converted for human uses. Surviving 
wetlands host diverse and relatively stable plant 
communities.

Terrestrial Vegetation: The spatial extent of 
mature forests continues to decline, becoming 
more fragmented; diseases (e.g., Swiss needle cast) 
limit production and cause high tree mortality.

Subsystems: CR- Coos River, CS- Catching Slough, HI- 
Haynes Inlet, IS- Isthmus Slough, LB- Lower Bay, NS- North 

Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay

Erik Larsen, Jenni Schmitt, Craig Cornu, Hannah 
McDonald, Colleen Burch Johnson - South Slough NERR
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Chapter 12: Vegetation in 
the Lower Coos Watershed

This chapter includes four data 
summaries: Rare and Endangered 
Plants, Seagrasses and Algae, Tidal 
Wetland Vegetation, and Terres-
trial Vegetation— which describe 
the status and trends (where data 
allow) of tidal wetland and upland 
vegetation in the lower Coos water-
shed. 

Rare and Endangered Species: This data sum-
mary compiles information on five threatened 
or endangered plant species that occur within 
or near the project area (pink sand verbena, 
salt marsh bird’s beak, silvery phacelia, West-
ern lily, and wolf’s evening primrose). 

Information used to compile this summary 
came primarily from agency reports. The 
majority of information for the only federally 
listed species (Western lily – Lilum occiden-
tale) came from the most current United 
States Fish and Wildlife (USFWS) Western lily 
management report (USFWS 2009). Infor-
mation for the remaining four species were 
compiled from a variety of agency reports 
(Rittenhouse 1999, BLM 2006, Brown et al. 
2013, ORBIC 2013), including agency reports 
prepared by the Institute for Applied Ecology 
(Giles-Johnson et al. 2013; Giles-Johnson and 
Kaye 2012; Giles-Johnson et al. 2011; Kaye et 
al. 2006) and by Currin and Meinke (2004).

Other sources included peer-reviewed litera-
ture (Chuang and Heckard 1971, Rittenhouse 
1996), book sections (Imper 1997a, 1997b; 
Kaye 2004), and a graduate student thesis 
(Julian 2012).

Seagrasses and Algae: The spatial extent 
of eelgrass in the Coos estuary has been 
mapped by the United States Environmen-
tal Protection Agency (USEPA)(Clinton et al. 
2007). Eelgrass monitoring data are available 
through the South Slough National Estua-
rine Research Reserve (SSNERR), which has 
participated in SeagrassNet (a global eelgrass 
monitoring program) since 2004 (SSNERR 
2015). The SeagrassNet monitoring data have 
supported a number of publications and 
unpublished technical reports (Rumrill 2006; 
Rumrill and Sowers 2008; Cornu et al. 2012). 
Historic information about algae in the Coos 
estuary was provided by a 1944 publication 
and dissertations from the 1980s (Sandborn 
and Doty 1944; Pregnall 1983; Hodder 1986). 
More current algae data were provided by the 
SSNERR Site Profile (Rumrill 2006) as well as 
a report from the Western Ecology Division of 
USEPA (Nelson et al. 2007).

Tidal Wetland Vegetation: The most com-
prehensive collection of tidal wetland vege-
tation data came from a report compiled by 
SSNERR and the Confederated Tribes of Coos, 
Lower Umpqua, and Siuslaw Indians (CTCLU-
SI)(Laferriere et al. 2010). This report was 
supplemented by other SSNERR publications 
and technical reports (Cornu 2005a, 2005b, 
2005c, 2005d; Hamilton 2011). Additional 
data are available from Coos Watershed Asso-
ciation publications (CoosWA 2006, 2010). 
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USFWS provided information about the 
spatial extent of wetlands in the project area 
(USFWS 1979, 2003). Estimates of historical 
wetland loss (within the project area, state-
wide, and regionally) were provided by peer 
reviewed literature and technical reports 
(Hofnagle et al. 1976, NRC 1996, Good 2000, 
Borde et al. 2003, CoosWA 2006).

Terrestrial Vegetation: This data summary dis-
cusses available information on forest struc-
ture, forest fragmentation, vegetation type, 
species and common associates, and the 
status and causes of damaged and diseased 
forests.

The National Oceanic and Atmospheric Ad-
ministration’s (NOAA’s) Coastal Change and 
Analysis Program (C-CAP) provided land cover 
data (raster-based maps) from remote sens-
ing imagery. These data, collected at five year 
intervals, are intended to identify changes 
to landscape patterns and habitats on large 
scales (e.g., watershed or county scales). 
Overall the raster data have an 85% accuracy, 
but this varies by location and date. Horizon-
tal accuracy of the 1996 and 2010 land cover 
datasets was 2 pixels or less. Horizontal accu-
racy of the 1996 and 2010 forest fragmenta-
tion datasets was 1 pixel or less.

Oregon State University’s Department of For-
est Ecosystems and Society in collaboration 
with the United States Forest Service’s Pacific 
Northwest Research Station model forest 
species coverage for western Oregon as part 
of the Landscape Ecology, Modeling, Map-
ping and Analysis (LEMMA) program (http://
lemma.forestry.oregonstate.edu/). LEMMA’s 

models characterize a wide variety of species 
attributes for the region’s terrestrial habitats 
including conifer richness, hardwood rich-
ness, trees species percent coverage, shrub 
coverage, forb coverage, and forest type.

The LEMMA program also provided spatial 
forest structure data, which were analyzed 
using GIS methods. Structure information, 
including mature forests cover, late succes-
sional/old growth forest cover, and non-forest 
land, was compared to ownership (county 
lands were moved from Private to Local Gov-
ernment).

The Oregon Department of Forestry (ODF) 
flew Swiss needle cast (SNC) aerial surveys 
using two mile transects across Oregon and 
northern California (Kanaskie and Norlander 
2014). Observers approximated coverage 
of yellowed foliage onto maps based on 
the aircraft’s position. They also classified 
the disease as either moderate or severe. A 
random sample of 14 mapped polygons was 
ground-checked – all contained Swiss needle 
cast disease. 

The United States Department of Agriculture 
(USDA) and ODF make forest disease aerial 
survey data (1980-2013) available online 
(USFS 2014). Aerial digital mapping meth-
ods were the same as described above from 
2003-13. Prior to 2003, data were collected 
manually by two aerial observers sketching 
diseased areas on paper, then later combin-
ing their observations into one map. Because 
of the discrepancy in the two methods, only 
2003-13 data were used in the Terrestrial 
Vegetation data summary.
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Data Gaps and Limitations

Rare and Endangered Species: Local rare and 
endangered species population data were 
compiled from surveys completed as long ago 
as the early 1990s and as recently as 2013, 
depending on species and location. Identi-
fying status and trends for many of these 
species was challenging. For example, of the 
multiple known populations of salt marsh 
bird’s beak (Chloropyron maritimum ssp. 
palustre), only one population is regularly sur-
veyed, and most populations have not been 
surveyed since 1999.

Another major limitation is lack of known ex-
tent of these plant populations, especially on 
private land. This is particularly important as 
newly discovered populations are most likely 
to occur on private lands, since most habitats 
have already been extensively surveyed on 
public lands (USFWS 2009). 

Aquatic Vegetation: The data describing the 
spatial extent of seagrasses are outdated. 
The most current characterization of the 
distribution of seagrasses in the project area 
came from an analysis of 2005 aerial photos 
(Clinton et al. 2007). It won’t be until another 
eelgrass mapping effort is completed for the 
Coos estuary (local agencies are currently 
working to secure funding) that researchers 
will be able to characterize trends in the 
spatial distribution and relative density of 
eelgrass beds. 

SeagrassNet data from a single site in South 
Slough (SSNERR 2015) are the only long-term 
time-series data available that characterize 

eelgrass meadows in the Coos estuary. As 
a result, the scope of long-term eelgrass 
trends assessments are limited exclusively to 
the South Slough Subsystem (Rumrill 2006; 
Rumril and Sowers 2008; Cornu et al. 2012; 
SSNERR 2015). Since habitat conditions in 
South Slough are not necessarily representa-
tive of the whole system, eelgrass trends may 
be distinct in different parts of the estuary. 
More information is needed to determine the 
status of eelgrass in the estuary as a whole. 

Historic information about the production of 
algae in the lower Coos estuary is available 
from the 1940s and the 1980s (Sandborn 
and Doty 1944; Pregnall 1983; Hodder 1986). 
More recently, Hessing-Lewis et al. (2011) 
have studied algae-eelgrass interactions. 
However, no recently collected information 
describing the extent or production of algae 
in the Coos estuary is currently available. 

Tidal Wetland Vegetation: Analysis of the 
National Wetlands Inventory (NWI) habitat 
classification shapefiles is limited by uncer-
tainties in potential differences in how wet-
lands were classified in 1979 and in 2003. For 
example, the amount of “unclassified” land 
increased by more than 150,000 acres from 
1979-2003 (USFWS 1979, 2003). Due to this 
sizable change, it’s difficult to tell if analytical 
results indicating apparent losses of any wet-
land class between 1979 and 2003 represent 
actual trends or simply a reclassification from 
a formerly classified habitat to an “unclassi-
fied” habitat. Similarly, reclassification from 
one habitat class to another may appear as 
an apparent gain or loss, but could reflect a 
simple reclassification without any net change 
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in wetland area. Additional work, beyond the 
scope of this project, needs to be undertaken 
to clarify the NWI classifications for the Coos 
estuary.

Similarly, for Hamilton’s (2011) evaluation 
of tidal wetland plant community diversity 
trends in South Slough sites, important meth-
odological differences between survey years 
complicated her analyses. Specifically, she 
noted that plot size bias may have influenced 
estimates of diversity indices. She adds that 
the effects of marsh surface elevation/inun-
dation period were not controlled for during 
data collection. 

It should be noted that the Laferriere et al. 
(2010) study was designed primarily to assess 
the status of Assiminea parasitologica (AP), a 
small, invasive snail native to Japan. Although 
vegetation sampling occurred in a variety of 
habitats, including both low and high marshes 
across a wide salinity range, data collection 
was limited by design to areas that are most 
likely inhabited by AP. For more information 
about AP, refer to Chapter 18: Non-Indige-
nous/Invasive Species.

Unfortunately, there is no written historic 
record of marsh vegetation in the lower Coos 
estuary. Consequently, it is difficult to deter-
mine the precise amount of wetland within 
the project area that has been lost to other 
uses since the early 19th century. Analyses of 
sediment and plant material and other analyt-
ical techniques indicate that marshes within 
the lower Coos watershed have been severely 
disturbed by human activities (Hofnagle et al. 
1976, Good 2000, CoosWA 2006). Arriving at 

an exact estimate of wetland acres converted 
has proven to be difficult in the absence of a 
comprehensive historical reconstruction of 
the original extent of tidal wetlands in the 
Coos estuary (e.g., Benner 1992).  

In particular, there is little information avail-
able about the historic extent of scrub-shrub 
and forested tidal wetlands in the Coos estu-
ary, which would have been almost entirely 
converted prior to NWI wetland mapping 
in 1979. The Tidal Wetland Vegetation data 
summary does not reflect the true loss of 
those habitats and recognizes the omission as 
a critical data gap.

Finally, it is important to note that the studies 
used in this data summary do not all make 
use of the same standardized sampling or 
analysis method. Care should be taken when 
comparing the results and conclusions of one 
study against another. 

Terrestrial Vegetation: LEMMA models are 
most useful (and accurate) at landscape or 
regional scales, and are considered much 
less useful at the stand scale (LEMMA 2014a, 
2014b). The project area boundaries are 
slightly smaller than a landscape scale so 
there will be some discrepancies between the 
modeled attributes reported and those ob-
served on the ground. In addition, the models 
only apply to lands that currently support at 
least 10% tree cover. The purpose of using 
the LEMMA data was to compile a picture of 
species distributions for the project area as a 
whole. 

Aerial surveys of SNC disease are a conserva-
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tive estimate since only those diseased trees 
visible from the air are counted. The same 
holds true for aerial surveys conducted for 
other damaged trees (e.g., bears damage is 
an underestimate). In addition, accuracy of 
aerial surveys depends on surveyor experi-
ence (sketch-mapping is highly subjective), 
weather, time of day, time of year and visi-
bility. Observers evaluate and record forest 
health at a rate of 30 seconds/mile. Accuracy 
assessments have not been completed for the 
USFS 2014 annual surveys. However, the data 
are ground-checked to ensure appropriate 
coding on the maps. The map information 
should only be used as an indicator of insect 
and disease activity and need to be ground 
verified for other uses.

Old Growth Forests: The old growth forest 
dataset (LEMMA 2014b) was developed for 
regional monitoring of old growth forest sta-
tus and trends. Spatial accuracy is based on a 
regional scale and may be suitable for use at 
5th or 6th field watershed scales. The entire 
project area is slightly larger that a 5th field 
watershed, so fits within that criteria, though 
the subsystems we consider are often times 
smaller (e.g. Pony subsystem is a 7th field 
watershed) and so accuracy becomes ques-
tionable at that scale. 
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How Local Effects of Climate 
Change Could Affect Vegetation 
in the Lower Coos Watershed
Several anticipated climate-related changes will potentially affect 
vegetation in the lower Coos watershed:

 � Climate change will likely alter seasonal air 
temperatures and watershed hydrology, 
which will affect the presence, distribution, 
and health of local plant species.

 � Tidal wetland habitats are particularly 
vulnerable to sea level rise. However, the 
fate of the plant communities associated 
with those habitats has not yet been 
determined.

 � Elevated atmospheric carbon dioxide, a 
greenhouse gas that contributes to climate 
change, may encourage plant growth if 
other changing conditions do not limit plant 
production. 

 � Climate change may result in additional 
stressors for already endangered plant 
species (e.g., Western lily).

Climate change has the distinct potential to 
affect local vegetation communities through 
changing weather patterns and watershed hy-
drology, increased air temperatures, and ris-
ing sea level. Some of these changes are likely 

to be exacerbated by human activities (Erwin 
2009, Scavia et al. 2002). However, determin-
ing the specific effects of climate change on 
local tidal vegetation will be difficult since 
climate change models are designed to pre-

Tidal marsh elevation data collection. 
SSNERR Photo.

Swiss needle cast pathogen on Douglas fir needles. 
Photo: OR Dept of Forestry.
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dict change at global or regional levels, not at 
watershed scales (see sidebar). In addition, 
coastal watershed plant communities are 
adapted to variables associated with local 
topography, as well as exposure to sun, wind, 
and precipitation; they will have highly vari-
able responses to the local effects of climate 
change (Scavia et al. 2002, USGS n.d.). 

This uncertainty notwithstanding, it’s widely 
accepted that certain plant communities are 
particularly vulnerable to climate change. For 
example, tidal wetland vegetation bordering 
hard coastal defenses such as dikes, seawalls, 
and other armoring structures are unlikely to 
be permitted to migrate inland in response 
to rising sea level (Scavia et al. 2002, Erwin 
2009). Rising air temperatures or changing 
groundwater hydrology may also reduce the 
viability of habitats supporting already endan-
gered species such as the Western lily (Lillium 
occidentale), and may impede their reproduc-
tive function (USFWS 2009). 

Changing Weather Patterns and Altered Hy-
drology

In addition to being vulnerable to sea level 
rise, tidal wetlands will be affected by the ex-
pected increase in the frequency and severity 
of extreme weather events and associated 
wind-generated waves, which are expected to 
erode exposed wetlands and potentially alter 
their hydrological characteristics (see sidebar)
(Erwin 2009, Scavia et al. 2002). Research 
suggests that extreme hydrological changes 
(e.g., changes in the frequency and duration 
of storm-generated flooding) can cause “sud-
den and dramatic changes in the abundance 

 

Uncertainty in Predicting Local Effects of 

Climate Change

There is inherent uncertainty in predicting 

what the local effects of climate change are 

likely to be. The uncertainties generally fall 

into three categories: 1) Natural variability 

of the earth’s climate; 2) Climate sensitivity 

(how the earth’s climate system responds to 

increases in future greenhouse gas levels); 

and 3) Future greenhouse gas emissions. 

To manage for these uncertainties, climate 

scientists use multiple models (“multi-model 

ensembles”) that incorporate the estimated 

range of possible natural variability, 

climate sensitivity, and future greenhouse 

gas emission values when investigating 

climate-related change. The models typically 

generate a range of values for potential 

future air temperatures, ocean surface 

temperatures, sea level rise, etc., which 

naturally become increasingly variable the 

longer into the future the model predicts. 

This approach gives communities a range 

of projections to consider when developing 

climate change vulnerability assessments 

and adaptation plans.

Sources: Sharp 2012, Hawkins and Sutton 
2009
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and spatial arrangement of dominant plants” 
(Gitlin et al. 2006). Storm-generated alter-
ations to freshwater runoff have been shown 
to change the salinity gradient in estuaries, 
potentially resulting in recruitment of fresh-
water plant species in brackish and saline 
habitats (Scavia et al. 2002, Dettinger and 
Cayan 1995). 

Although most research focuses on the antic-
ipated effects of extreme weather events, ex-
perts point out that even low energy storms 

can create flooding events, which can reduce 
habitat availability (especially if these events 
correspond with high tides)(USGS n.d.). One 
important caveat is that these flood events 
also deliver sediment to marshes, which is an 
essential process to assure their persistence 
(Scavia et al. 2002, USGS n.d.).

Changing weather patterns are likely to affect 
many other important natural processes that 
influence the productivity and function of 
marsh habitats, including evapotranspiration, 
biogeochemical processes, sediment accu-
mulation, fire regime, tidal and storm water 
inundation regime, and wave energy (Burkett 
and Kusler 2000, Gornitz 2001, Gornitz et al. 
2001, IPCC 1998, Karl et al. 1995, USGCRP 
2000, USGS n.d.). The persistence of eelgrass 
(Zostera marina) beds that are relatively 
exposed (e.g., in the South Slough Subsystem) 
may be jeopardized if more frequent and in-
tense storms result in larger storm-generated 
waves propagating through the lower estuary 
(Cornu et al. 2012).

Altered weather patterns have been known 
to effect “phytopathology” (i.e., diseases 
and infections in plants). Although research 
on the anticipated effects of climate change 
on phytopathology is limited, the existing 
literature generally concludes that climate 
change is likely to alter plant-pathogen inter-
actions (Coakley et al. 1999, Chakraborty et 
al. 2000, Garrett et al. 2006). Abiotic stressors 
resulting directly from climate change (e.g., 
warmer temperatures and drought) may alter 
plant susceptibility to pathogens (Garrett et 
al. 2006). Climate-related changes may also 

 

Changes in Precipitation Timing, 

Frequency and Intensity

In the future, precipitation in coastal 

Oregon is expected to remain a 

predominately wintertime phenomenon 

(i.e., most precipitation will continue to 

occur in the winter). However, the extent 

to which precipitation timing, frequency 

and intensity on the Oregon coast may 

change in the future remains uncertain. 

There is evidence that high-intensity 

storms are becoming more frequent, and 

that the frequency of weak to moderate-

strength storms is declining. 

Sources: Sharp 2012, OCCRI 2010, OSU 
2005
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species may be jeopardized by increasing 
local air temperatures. For example, re-
searchers in northern California suggest that 
springtime air temperature explains much 
of the variation in the timing of Western lily 
reproduction across its range (Bencie and 
Imper 2003a, 2003b). Since the Western lily 
requires specific temperatures to facilitate re-
production, it’s likely that climate change will 
add additional stressors to this endangered 
species (USFWS 2009). 

Sea Level Rise

Sea level rise (SLR) poses “the most obvious 
threat to coastal wetlands” (see sidebar)
(Scavia et al. 2002). Although the magnitude 
of SLR on the Pacific coast varies substantially 
according to varying rates of tectonic eleva-
tion change (SLR at Astoria, OR = -0.27 mm/
yr; SLR at Eureka, CA = +4.32 mm/yr), it’s very 
likely that much of the Pacific Northwest will 
experience more frequent occurrences of 
erosion and tidal inundation by 2100 (Mote 
et al. 2008, Glick et al. 2007, Dalton et al. 
2013). Under modest to extreme SLR scenar-
ios, experts project that nearshore habitats 
on the Oregon coast could face a “dramatic 
shift in their composition” (Dalton 2013)(see 
sidebar). 

Many of the region’s tidal freshwater marsh-
es and swamps are expected to convert to 
brackish marshes due to seawater intrusion 
from rising sea levels (Glick et al. 2007, Scavia 
et al. 2002). These changes have the poten-
tial to reduce the extent of tidal freshwater 
marshes and swamps if those habitats are 

affect phytopathology indirectly by altering 
the structure of existing plant communities. 
For example, research shows that increased 
plant density tends to create wetter condi-
tions in vegetated areas, thus increasing the 
likelihood of infection from certain patho-
gens (e.g., foliar pathogens)(Burdon 1987, 
Huber and Gillespie 1992). These anticipated 
changes may exacerbate phytopathology con-
cerns that already exist in the project area. In 
particular, prolonged wet weather in spring is 
very conducive to Swiss needle cast infection 
(Stone et al. 2008, Zhao et al. 2011), which 
causes premature needle loss (i.e. “casting” 
of needles) in Douglas fir trees, resulting in 
substantially reduced growth and potentially 
eliminating the ability to compete with neigh-
boring trees (Shaw 2008).

Increasing Temperatures 

Although the long term effects of elevated 
atmospheric carbon dioxide (CO2) on aquatic, 
emergent, and terrestrial plant growth, nutri-
ent cycling, and other ecosystem processes 
are uncertain, some research suggests that 
more CO2 (a condition often associated with 
warmer temperatures) may correspond to 
greater plant growth in forested and emer-
gent wetland systems, especially in seedlings 
(Rozema et al. 1990, 1991; Farnsworth et 
al. 1996; Ball et al. 1997; Scavia et al. 2002). 
However, it’s important to note that these 
benefits may be offset by other climate-relat-
ed changes that would limit plant production 
(e.g., changes in precipitation, nutrient deliv-
ery)(Scavia et al. 2002). 
In some cases, the persistence of endangered 
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Marsh Accretion and Sea Level Rise (SLR)

Vegetated tidal wetlands form and are 

maintained through the accumulation of 

tidally-delivered sediments and organic 

material in a process called “vertical 

accretion.” The rate of vertical accretion 

determines the fate of tidal wetlands in the 

face of sea level rise (SLR). Wetlands whose 

vertical accretion rates keep pace with SLR 

will remain largely unaffected, while those 

not keeping pace will change dramatically. 

Although the fate of southern Oregon 

coast’s tidal wetlands remains uncertain, 

researchers suggest substantial change 

may occur under moderate and extreme 

SLR scenarios. Researchers estimate that 

Bandon Marsh National Wildlife Reserve 

may lose anywhere from 19% (+40 cm 

SLR) to 92% (+200 cm SLR) of its forested 

swamp habitat by 2100. Further research 

suggests that high, mid, and low marsh 

emergent plant communities on Bull Island 

on the Coos estuary (Upper Bay subsystem) 

could convert entirely to a low marsh plant 

community under moderate SLR scenarios 

(+ 63 cm), and convert entirely to non-

vegetated mudflat under extreme SLR 

scenarios (+ 142 cm). 

Sources: Dijkema 1987, Kolker et al. 2009, 

Erwin 2009, Reed 1990, USGS n.d., Scavia 

et al. 2002, Clough and Larson 2010, 

Buffington et al. 2015

 

Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches)  

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, the National Research Council 

(NRC), predicted SLR rates as high as +23 

cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site to 

the Coos estuary). 

Sources: NOAA Tides and Currents 2013, 

NRC 2012

prevented (by hardened shorelines like dikes, 
sea walls, and other structures) from migrat-
ing further inland in response to SLR (Glick 
et al. 2007, Scavia et al. 2002, Erwin 2009, 
Dalton et al. 2013, Shaughnessy et al. 2012, 
Hartig et al. 2002). Because inland migration 
will be possible for tidal wetlands in some sys-
tems and the elevation of some wetlands will 
keep pace with SLR though natural processes 
(vertical accretion- see sidebar), the changes 
described above will not necessary result in 
the loss of wetland area (Reed 1990, Erwin 
2009). 
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El Niño Southern Oscillation 

The El Niño Southern Oscillation (ENSO) 

is a cyclical climatic pattern that affects 

weather and ocean currents in and around 

the Pacific ocean. ENSO is an event that 

tends to occur every two to seven years 

and is characterized by anomalous 

warming of tropical Pacific waters. 

Locally, this warming is associated with 

drier conditions, warmer temperatures, 

and lower precipitation and streamflow, 

although it can also result in greater 

winter “storminess” and flooding.

Source: Mysak 1986

While wetland areas may not change dramat-
ically, even small persistent changes in sea 
level are likely to affect the distribution of 
species with narrowly defined habitat re-
quirements. 

Changes in plant community distribution are 
particularly important for rare and endan-
gered species. Two rare plant species, silvery 
phacelia (Phacelia argentea) and wolf’s eve-
ning primrose (Oenothera wolfii) occur just 
south of the project area. If climate change 
results in favorable conditions for the north-
ward expansion of these species, the project 
area could represent an important refuge for 
plant species struggling to survive in nearby 
ecosystems. However, it should also be noted 
that climate-related habitat changes could 
have deleterious effects on rare and endan-
gered plant species that are not well suited to 
adaptation (e.g., Western lily)(USFWS 2009). 
 
SLR may be intensified by cyclical long term 
climatic patterns (see sidebar). For example, 
Barnard et al. (2011) note that El Niño events 
may increase regional sea level by as much as 
30 cm (~12 in) for several months at a time. 
Historically, these events have been associat-
ed with increased coastal erosion and flood-
ing. They’re likely to periodically intensify 
the effects of SLR in the future (Dalton et al. 
2013).
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Terrestrial Vegetation in the 
Lower Coos Watershed
Summary: 

 � The size of old-growth and mature 
forest stands continues to decline. 

 � The greatest terrestrial vegetation 
shift has been from mature forests to 
lands dominated by young trees and 
shrubs.

 � Forests in the lower Coos watershed 
have become fragmented with “core 
forests” being lost at a high rate.

 � Swiss needle cast and Port-Orford-
cedar root rot cause the greatest 
pathogen-induced tree damage and 
mortality in the project area.

 � Douglas-fir is the most common 
overstory tree species in the lower 
Coos watershed; western sword fern 
is the most dominant herbaceous 
plant species.

What’s happening?

In summarizing available information about 
terrestrial vegetation in the lower Coos 
watershed, we discuss forest structure (e.g., 
old-growth structure vs. younger forests), for-
est fragmentation, vegetation type, species 
and common associates, and the status and 
causes of damaged and diseased forests.

Western Hemlock Cones

Top: Dune plant communities
Middle: Mature Douglas-fir forest
Bottom: Sitka spruce swamp
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Forest Structure 

A 15 year status report on the Northwest 
Forest Plan describes status and trends of 
late-successional and old-growth forests 
(LSOG) between 1996 and 2006 in Washing-
ton and Oregon (Moeur et al. 2011). Report 
authors use a simple definition of LSOG 
forests: conifer canopy cover = 10 to 100%; 
average diameter at breast height (DBH) = 
≥20 inches (50.8cm)(Moeur et al. 2011). 

The report describes a nearly 5% region-wide 
net loss of LSOG forests on forested lands 
between 1996 and 2006. Losses on federal 
lands, nearly all of which occurred in forest 
reserves, were generally caused by stand-re-
placing disturbances such as wildfire. In 
contrast, of the known causes of LSOG forest 
losses on non-federal lands, harvesting was 
the highest. 

Moeur et al. (2011) also examined the region 
by physiographic provinces, including the 
Oregon Coast Range, which encompasses the 
project area (the lower Coos watershed). Net 
LSOG losses in the Oregon Coast Range were 
over 17% (123,000+ acres) from 1994-2006. 
Almost 40% of losses were attributable to 
timber harvest activities while over 60% of 
the losses were unexplained. 

The Moeur et al. (2011) report found near-
ly 23% of the “forest-capable” land in the 
Oregon Coast Range contained LSOG forests 
in 2006 (Figure 1). In contrast, Rapp (2003) 
reported that old-growth forests (defined as 
those where the upper canopy is dominated 
by trees older than 200 years) would histor-

ically (over the last several thousand years) 
have covered 30-70% of the forested land in 
the Oregon Coast Range at any one time. 

Additional information about LSOG forests is 
available from the Landscape Ecology, Model-
ing, Mapping and Analysis (LEMMA) research 
team (collaboration between United States 
Forest Service’s [USFS] Pacific Northwest 
Research Station and Oregon State Univer-
sity [OSU]) and their online database. The 
LEMMA team investigated LSOG forests in 
the Pacific Northwest using their regional GIS 
model of forest structure coverage based on 
2012 Landsat imagery (LEMMA 2014b). They 
used an old growth structure index (based on 

Late Successional and Old Growth Forests

There’s no single agreed-upon definition of 

late successional and old-growth forests. 

Older forests have distinctive structural 

features; therefore, a suite of factors 

should be considered in addition to tree age 

when determining late successional and 

old-growth forest characteristics. Among 

these are: diameter at breast height (DBH) 

and height of dominant trees, density and 

diameter of snags, canopy tiers, understory 

cover, density and diameter of downed logs, 

and tree biodiversity. 

Sources: Bingham and Sawyer, Jr. 1991; 

Ohmann et al. 2012
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Figure 1. Area of late successional and old-growth forest as 
compared to younger forest lands on federal, non-federal and 
all lands combined in the Oregon coast range. Non-federal 
lands include state, tribal, and private ownership. 
Data: Moeur et al. 2011

Figure 2. Distribution of late successional forests (> 200 years 
old) and mature forests (> 80 years old) in the project area. 
Land ownership categories are also indicated. Federal holdings 
include US Army Corps of Engineers, US Bureau of Land Man-
agement, and US Forest Service. State holdings include OR De-
partment of State Lands, OR Parks and Recreation Department, 
and OR Department of Forestry. Local governments (cities) and 
Coos County lands are grouped together. Tribal lands were not 
designated in this data set. Data: LEMMA 2014b; ODF 2014a.

stand age, density of large live conifers and 
large snags, volume of downed wood, and 
tree size diversity) to analyze their project 
area for forest structures indicating 80 year 
or older forests (mature) and those structures 
indicating 200 year or older forests (LSOG), 
as recommended by Ohmann et al. (2012). 
Mature forests are those that have a majority 
of trees reaching maximum heights, which 
for Douglas-fir occurs at the age of about 80 
years (Rapp 2003).

Results show that mature forests cover ~43 
mi2, or nearly 18%, of forested land in the 
project area, while LSOG forest structure can 
be found on ~15 mi2 or 6% of forested land 
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(Figure 2). Mature forests in the project area 
were most likely to occur on private forest 
lands which comprise over 73% of all project 
area forests (Figure 2). 

The LEMMA team quantified mature and 
LSOG forest coverage as a percentage of total 
landowner forestland holdings (Figures 3 and 
4). State owned lands contained the greatest 
percentage of mature forest coverage in the 
project area (over 33% or ~13 mi2), primarily 
in the Elliot State Forest; federal lands con-
tained over 30% (or ~5 mi2); and private lands 
contained approximately 14% (or ~24 mi2)
(Figure 3). Local ownership (City and County 
lands) contained the lowest percentage of 
mature forest.

For LSOG forest coverage (Figure 4), state 
lands contained the highest percentage (near-
ly 20% or ~8 mi2), concentrated in the Elliot 
State Forest (Figure 2); federal lands con-
tained nearly 12%, primarily on United States 

Bureau of Land Management (BLM) holdings; 
private lands contained only ~3%. Local own-
ership contained the lowest percentage of 
LSOG forest coverage.

Fragmentation

The National Oceanic and Atmospheric Ad-
ministration’s (NOAA) Coastal Change Analysis 
Program (C-CAP) initiated a national land cov-
er database in 1985 which is updated every 
five years. We used C-CAP data to examine 
changes to project area forest fragmenta-
tion between 1996 and 2010 (C-CAP 2014). 
Four fragmentation classes were developed 
by NOAA as indicators of forest ecosystem 
quality. The classes include: Core (forest 
surrounded by forest), Edge (forest bordering 
both core forest and non-forest ecosystems), 
Perforated (forest within the core forest that 
includes relatively small clearings), and Patch 
(small isolated forest stands).

Figure 3. Distribution of mature forest by land ownership in 
the project area. Federal lands include those held by US Army 
Corps of Engineers, US Bureau of Land Management, and US 
Forest Service. State lands include those held by OR Depart-
ment of State Lands, OR Parks and Recreation Department, 
and OR Department of Forestry. City and Coos County lands 
are grouped together as local ownership. Tribal lands were not 
designated in this data set. Data: LEMMA 2014b; ODF 2014a.

Figure 4. Distribution of late successional and old growth 
forests (LSOG) by land ownership in the project area. Federal 
lands include those held by US Army Corps of Engineers, US 
Bureau of Land Management, and US Forest Service. State 
lands include those held by OR Department of State Lands, 
OR Parks and Recreation Department, and OR Department of 
Forestry. City and Coos County lands are grouped together as 
local ownership. Tribal lands were not designated in this data 
set. Data: LEMMA 2014b; ODF 2014a.
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According to the C-CAP database, net forest 
coverage in the project area declined from 
60% to ~50% between 1996 and 2010 (Fig-
ure 5). Eight square miles of non-forested 
land were converted to forest during that 
period, while 37 mi2 of forest were converted 
to non-forested land. Of the forested lands 
lost to non-forest lands, 76% (28 mi2) were 
classified as core forests. Core forest classes 
experienced the greatest net decrease (from 
nearly 44% in 1996 to 32% in 2010)(a gross 
loss of 38 mi2) which includes conversion of 
core to other forest fragmentation types (Fig-
ure 6). Patch and edge forest types had slight 
net gains due to conversion from core forest. 
The spatial extent of the gains and losses of 
core forest can be seen in Figure 7.

When fragmentation data were further 
broken down by subsystem, the highest gross 
loss of core forest land area (as a percentage 
of total land area in the subsystem) was found 
in the Coos River subsystem (~18%) followed 
by South Slough (~16%)(Figure 8). The lowest 
percentage of core forest loss occurred in the 
Lower Bay subsystem, which also happens to 
include very little forested land.

Land Cover/Vegetation Type

In addition to forest fragmentation, the NOAA 
C-CAP program provided information about 
land cover classes. In the project area, all 
forest cover classes, including deciduous, 
evergreen, mixed (both deciduous and ever-
green), and palustrine (freshwater wetlands 
dominated by woody vegetation), experi-
enced a net decrease of over 28 mi2 between 
1996 and 2010. This represents a decrease 
of forest land cover in the project area (~315 
mi2) from 59% in 1996 to 50% in 2010 (Figure 
9). By contrast, lands identified by C-CAP as 
scrub/shrub cover (areas dominated by young 
trees and shrubs) increased by 36 mi2, from 

Figure 5. Net change in forest fragmentation classes from 
1996 and 2010. Core = forest surrounded by forest; Edge 
= forest on the edge of a core forest; Perforated = forest 
within core forest next to small clearings; Patch = small 
fragments of forest. Data: C-CAP 2014

Figure 6. Distribution of gains and losses of each forest 
fragmentation class from 1996 to 2010. Gains/losses are 
conversions from non-forest lands as well as from other forest 
fragmentation classes. Data: C-CAP 2014
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Figure 7. Gains, losses 
and remaining core forest 
from 1996 to 2010 in 
each subsystem. Gains/
losses are conversions 
from non-forest lands as 
well as from other forest 
fragmentation classes. 
Data: C-CAP 2014

Figure 9. Percent scrub/shrub and three forest 
types in the project area (deciduous, evergreen 
and mixed) in 1996 and 2010. Data: C-CAP 2014

Figure 8. Distribution of gains and losses of core forest from 
1996 to 2010 at each subsystem as a percentage of square 
miles/total subsystem land area. Gains/losses are conversions 
from non-forest lands as well as from other forest fragmenta-
tion classes. Data: C-CAP 2014.
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10% in 1996 to over 21% in 2010. In fact, the 
greatest shift in vegetation cover in the proj-
ect area was the conversion of forest cover 
classes to the scrub/shrub cover class. Over 
18 mi2 of forested land were converted to 
scrub/shrub during the 14 year study period 
(Figures 10 and 11). Conversion to grasslands 
was the next greatest shift in vegetation 
cover, with nearly 8 mi2 of forest land convert-
ed to grasslands. Note that C-CAP’s “scrub/
shrub” and “grassland” designations are most 
likely timber harvest areas at different stages 
of re-growth (younger = grasslands; older = 
scrub/shrub). Conversion from forest land 
cover to barren, developed, and agricultural 
cover (cultivated crops and pasture land) was 
also notable. 

The greatest net change in forest type was 
in evergreen forests (decreased from 36% to 
31%). Evergreen forests also had the highest 
gross loss (24 mi2 lost )(Figure 12), followed 
by mixed forests with a loss of just over 13 
mi2. The greatest net gain to scrub/shrub 

Figure 11. Net loss of all forest types (evergreen, deciduous 
and mixed) to different land cover type categories from 1996 
to 2010. “Bare” land covers include unconsolidated shores, 
and barren lands. “Developed” groups low, medium and high 
intensity development with developed open space. “Agricul-
ture” combines pasture/hay with cultivated crop land. Data: 
C-CAP 2014

Figure 12. Distribution of gains and losses of forest and scrub/
shrub cover from 1996 to 2010. Data: C-CAP 2014

Figure 10. Land cover change from 1996 to 2010. Dark green colors represent forest cover; light 
green colors delineate scrub/shrub cover. Data: C-CAP 2014
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lands (over 18 mi2) was due to conversion 
from forested lands, followed closely by con-
version from grasslands (nearly 16 mi2)(Fig-
ures 10 and 13). Total (gross) gains in scrub/
shrub land numbered over 42 mi2 (Figure 12).

As noted previously, many of these reported 
changes, particularly changes from forest to 
scrub/shrub or grassland cover classes, are 
likely the result of timber harvest activities 
and therefore occur frequently in the project 
area. Because of sizable land ownership in the 
project area by industrial and small lot timber 
producers, it’s not surprising that changes in 
forest cover in the project area is so dynamic. 

Terrestrial Vegetation Species 

The LEMMA program is a collaborative re-
search group which includes participants from 
USFS’s Pacific Northwest Research Station 
and OSU. The following summary is based on 
LEMMA’s GIS model of forest species cover-
age using data from multiple agencies and 
years (e.g., BLM vegetation annual surveys 
1997-2003)(LEMMA 2014a). Tree species 
percent cover in the project area is summa-
rized in Figure 14. The most recent data show 
Douglas-fir (Pseudotsuga menziesii) with 
the highest tree species percent cover in the 
project area (over 125 mi2 or 52% cover of 
forested lands).

When analyzing spatial extent of each spe-
cies, Douglas-fir and western hemlock (Tsuga 
heterophylla) were distributed fairly evenly 
across the entire project area (Figure 15). 
Shore pine (Pinus contorta), Port-Orford-ce-
dar (Chamaecyparis lawsoniana), and Sitka 

spruce (Picea sitchensis) were concentrated 
closer to the coast while western redcedar 
(Thuja plicata) and red alder (Alnus rubra) 
were concentrated more inland. 

LEMMA quantified species richness, an im-
portant indicator of forest status, for project 
area conifer and hardwood forests (Figure 

Figure 13. Net gain to scrub/shrub lands from three land cover 
type categories from 1996 to 2010. “Bare” land covers include 
unconsolidated shores, and barren lands. “Forest” lands group 
evergreen, deciduous and mixed forest types together. Data: 
C-CAP 2014

Figure 14. Percent cover of dominant tree species in the 
forested regions of the project area. Incense cedar (Calocedrus 
decurrens) dominated 1% of the project area according to the 
data, but was changed to “Unknown cedar” since incense ce-
dar is not known to occur near the coast. The category “Other” 
includes combined cover from species that are dominant in 
less than 1% of the forested area, including: white fir, grand fir, 
white fir/grand fir cross, bigleaf maple, vine maple, white al-
der, and bay laurel. Forest land that was not tallied by species 
is designated “Unknown”. Data: LEMMA 2014a
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16). Coniferous species richness was high in 
the entire project area, but highest in the 
areas closest to the coast, particularly in the 
South Slough watershed. Species richness for 
hardwood species was higher in regions fur-
ther inland. In the entire project area, conifer-
ous tree species richness was higher than that 
of hardwood tree species.

The model also characterizes understory spe-
cies distribution (both herbaceous and woody 
species). Western sword fern (Polystichum 
munitum) was by far the most dominant un-
derstory species in the project area, followed 
by evergreen huckleberry (Vaccinium ova-
tum), salal (Gaultheria shallon) and Salmon-
berry (Rubus spectabilis)(Figures 17 and 18). 
Over 30 species are present in less than 1% of 
the project area’s forests including elderberry 
(Sambucus spp.), blackberry (Rubus spp.), 

Figure 15. Land cover by dominant 
tree species in the project area. 
Dominant species with less than 
1% cover across the project area 
are not shown (e.g. white fir, 
grand fir, white fir/grand fir cross, 
bigleaf maple, vine maple, white 
alder, bay laurel). Data: LEMMA 
2014a

Figure 16. Conifer and hardwood 
tree species richness in the proj-
ect area. Lighter colors indicate 
fewer species counts than darker 
colors. Conifer species include 
but are not limited to: Douglas-fir, 
Port-Orford-cedar, incense cedar, 
western redcedar, western hem-
lock, shore pine, white fir, grand 
fir, and Sitka spruce. Hardwood 
species include but are not limited 
to: red alder, white alder, bay lau-
rel, vine maple, and bigleaf maple. 
Data: LEMMA 2014a
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huckleberry (Vaccinium spp.), and thimble-
berry (Rubus parviflorus). All dominant under-
story vegetation are listed in Table 1.

When dominant tree species were compared 
with dominant understory species, Doug-
las-fir/western sword fern emerged as the 
most common association (Table 2). Western 
hemlock/western sword fern, Douglas-fir/

salal, and Douglas-fir/evergreen huckleberry 
were also common associates. The greatest 
variety of understory associates were found 
in Douglas-fir dominated forests, followed by 
western hemlock and Sitka spruce dominated 
forests. 

Damage/Disease

Forests damage can come from multiple 
sources including insects, diseases, environ-
mental events (e.g., wind, fire). The major 
causes of forest damage in our project area 
are discussed below.

Swiss Needle Cast (SNC)(Phaeocryptopus 
gaeumannii), an endemic fungus that targets 
Douglas-fir trees, is the primary cause of tree 
damage in the project area. The effects of 
SNC are monitored annually by aerial surveys 
conducted by Oregon Department of Forest-
ry (ODF). Results from 19 years of surveys 
(1996-2014) indicate the highest incidence 

Figure 18. Spatial cover of the most dominant understory species in the project area. Dominant species with less than 1% cover 
across the project area are not shown. Data: LEMMA 2014a

Figure 17. Percent cover of dominant understory species in 
the project area. The category “Other” includes combined 
cover from 33 species that are dominant in less than 1% of the 
project area, including: elderberry, various blackberry species, 
thimbleberry and foxglove. Non-forest land and land not tallied 
by species is designated “Unknown”. Data: LEMMA 2014a
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Table 2. Most common overstory/understory 
associates in the forested regions of the project 
area. Combinations that represent <1% cover are 
not shown. Data: LEMMA 2014a

Table 1. Complete list of dominant understory vegetation in the project 
area. * Species that are not native to the project area. Data: LEMMA 2014a
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of SNC in western Oregon occurred the last 
four years of the surveys (2011-2014), each 
successive year reaching an “all time high” 
for observed SNC symptoms (Kanaskie and 
Norlander 2014). 

ODF (2014b) SNC aerial survey results for 
the project area from 2006 to 2014 show the 
highest extent of SNC-damaged trees oc-
curred in 2011 (over 79 mi2) followed closely 
by SNC damage in 2014 (over 78 mi2)(Figure 
19). Surveyors classified affected areas as 
“severe” (extremely sparse crowns and brown 
foliage) or “moderate” (yellow foliage and 

slightly sparse crowns). The most extensive 
“severe” SNC damage was seen in the 2011 
survey (nearly 11 mi2). The smallest area with 
“severe” SNC damage was seen in the 2006 
survey, which also showed the smallest area 
affected by SNC. Figure 20 shows the spatial 
extent of SNC based on 2006 and 2011 survey 
data.

Since 1947, USFS and ODF have conducted 
annual aerial surveys across Oregon and 
Washington to assess damage to forests by 
agents other than SNC (USFS 2014). Re-
sults clearly demonstrate that the greatest 

Figure 19. Total square miles in the project area affected by 
Swiss needle cast disease from 2006 to 2014. Data from 2008 
were incomplete, and thus were excluded from this analysis. 
Data: ODF 2014b.

Figure 20. Spatial extent of Swiss needle cast disease in Doug-
las-fir populations in the project area in 2006 and 2011 (the 
lowest and highest (respectively) SNC occurrences betrween 
2006 and 2014). Data: ODF 2014b.

Figure 21. Acres of damaged forest land caused by insect, 
disease or environmental events. Data collected during annual 
summertime aerial surveys (July-September) in the project 
area. Data: USFS 2014.
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non-SNC damage to forests in the project 
area is caused by Port-Orford-cedar root rot 
(Phytophthora lateralis)(POCRR), a non-na-
tive fungus which targets Port-Orford-cedar 
trees (Figure 21). Ten years of survey results 
(2004-2013) indicate particularly high inci-
dence of POCRR damage in 2006, 2007 and 
2008 (2006 results: over 3,700 acres [~5.8 
mi2] damaged); the 2012 survey results 

showed the least damage (~650 acres [~1.0 
mi2] damaged). POCRR damage is concen-
trated in forested lands closer to the coast 
(particularly South Slough, Isthmus Slough, 
and North Slough subsystems)(Figure 22). 
Effects of POCRR were most evident in the 
South Slough subsystem, likely explained by 
the lack of extensive upland management in 
South Slough Reserve forests since the early 

Figure 22. Distribution of forest land damaged by insects, disease or environmental events from 2004-2013. Subsystems are 
labeled as follows: CR – Coos River; CS – Catching Slough; HI – Haynes Inlet; IS – Isthmus Slough; LB – Lower Bay; PS – Pony Slough; 
UB – Upper Bay; SS – South Slough. Data: USFS 2014.
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1970’s which resulted in the accumulation of 
diseased Port-Orford-cedar trees identified in 
the surveys. Both diseased and disease-free 
Port-Orford-cedars have been removed in 
the other more actively managed project 
area forest lands. In fact, we should note that 
extensive forest management practices in the 
project area is a factor to consider when eval-
uating disease damage survey results (e.g., 
SNC, POCRR). Variable harvest levels in any 
given year will affect the number of diseased 
trees observed.

In the South Slough Reserve, where 62% of 
Port-Orford-cedars were dead or dying from 
POCRR in 2011 (Cornu et al. 2012), several 
projects are underway using POCRR-resistant 
Port-Orford-cedar seedlings for upland resto-
ration or long-term field trials. In spring 2013, 
825 tagged disease resistant Port-Orford-ce-
dar seedlings were planted among 110 tagged 
naturally recruited seedlings at three sites in 
the South Slough Reserve as part of remnant 
logging road restoration efforts. Monitoring 
results in 2014 showed survival rates for nat-
urally recruited seedlings at ~83%, compared 
with ~89% for the disease resistant seedlings 
(Figure 23). Only one tagged naturally recruit-
ed seedling did not survive while 44 or ~5% of 
the disease resistant seedlings had died. How-
ever, many of the tagged naturally recruited 
seedlings were not found (~16%). We assume 
at least some of these seedlings were not 
survivors. In addition, several tags were found 
unattached to seedlings. At the seedling 
stage, it’s unlikely that mortality was caused 
by POCRR; it’s more likely that many of the 
seedlings died from especially dry conditions 
in 2013. In addition, seedlings were planted 

and had naturally recruited in both compact-
ed road bed soils and un-compacted roadside 
soils. The data have not yet been analyzed 
to quantify the effects of compacted soils on 
seedling mortality. It’s should be noted that 
the Port-Orford-cedar seedlings were from an 
“open-pollinated orchard” so only a subset 
of those seedlings would show resistance to 
POCRR.

Since genetically different Port-Orford-cedar 
trees have different resistance to POCRR, 
USFS has been identifying and collecting 
disease-resistant strains from natural cedar 
stands. Long-term field trials on these disease 
resistant strains are essential for understand-
ing their “durability” under a variety of envi-
ronmental conditions (Sniezko et al. 2012). In 
cooperation with the South Slough Reserve, 
USFS implemented long-term field trials at 
three locations within the Reserve in 2011 
and 2012 by outplanting a diverse assort-
ment of genetic strains of Port-Orford-cedar 
beneath a canopy of large dead and living 
Port-Orford-cedar. Early results from 2014 
have shown that mortality varies between 

Figure 23. Percentage of Port-Orford-cedars from the 2014 
survey that were live, dead or not found. Numbers next to Tree 
Type categories are the number of trees identified (Natural) or 
out-planted (Resistant) in 2013. Data: SSNERR 2014.
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6% and 45% depending on both genetic 
strain and location (Sniezko 2014). A direct 
link between seedling mortality and POCRR 
presence has not yet been established. Care 
will be taken to factor in non-POCRR related 
mortality (e.g., environmental stressors). 

Background 

Forest Structure

The complex structure of old-growth forests 
provides diverse habitat which supports the 
rich biodiversity found in older forest ecosys-
tems (Means et al. 1996). In general, complex 
forest structure contains more microhabitats 
for a larger variety of species, which in turn 
provides more diverse food resources (Bro-
kaw and Lent 1999). For example, insect spe-
cies richness and density increases with forest 
age and complexity in Oregon Douglas-fir 
forests (Schowalter 1995 as cited in Brokaw 
and Lent 1999).

Spatial complexity is one of the key com-
ponents underlying this habitat diversity. 
Standing snags scattered among living trees 
provide microhabitats for a wide variety of 
organisms (e.g., invertebrates and woodpeck-
ers). Large conifer (≥40 cm DBH and ≥4 m tall) 
snag density in southern Oregon Douglas-fir 
dominated old-growth forests is typically very 
high (Bingham and Sawyer, Jr. 1991). Snag 
longevity and probability of containing cav-
ities suitable for bird nesting increases with 
snag diameter, an important feature since up 
to 40% of bird species in North America are 
cavity nesters (Scott et al. 1977 as cited in Mc-
Comb and Lindenmayer 1999).

Likewise, downed wood is a source of nutri-
ents as nursery logs (fallen trees that decay 
and contribute to forest soil development). 
Interestingly, in young forests a high abun-
dance of wood can be found on the forest 
floor (especially those with a history of timber 
harvest) while older forests in areas subject 
to regular fires can include very little downed 
wood (Bingham and Sawyer, Jr. 1991). Size of 
wood is important, as large pieces can pro-
vide habitat for numerous species for centu-
ries (Tyrrell and Crow 1994).

Finally, old-growth stands have a well-defined 
multi-tiered canopy, which creates microhab-
itats for many species (Binham and Sawyer, 

 

Temperate rainforests 

Temperate rainforests on the coast 

(including those in the project area) are 

subject to infrequent fires, are almost 

completely dominated by conifers, and 

have a highly complex structure (due to 

large size of mature trees, diversity of 

epiphytes [plants that grow on other plants 

but are not parasitic], and dense shrubby 

understory). Local temperate rainforests 

include some of the largest representatives 

of Pacific Northwest conifer species.

Sources: Pojar and MacKinnon 2004, 

Franklin and Dyrness 1973

 



12-36 Vegetation in the Lower Coos Watershed

Jr. 1991; Spies and Franklin 1996). Varying 
combinations of dominant and sub-domi-
nant trees and shrubs create an intricate and 
spatially complex canopy, and a diverse forest 
structure (Rapp 2003). 

Additionally, old-growth forest structures can 
store more carbon, lower forest soil erosion 

potential, and support greater numbers of 
organisms such as nitrogen-fixing lichens than 
younger forests (Spies and Franklin 1996).

Fragmentation

Forest fragmentation occurs when forests 
become divided into an ‘archipelago’ of small 
isolated ‘island’ stands in a sea of non-forest 
ecosystems due to natural disturbance (e.g., 
fire) or human activities (e.g., roads, agricul-
ture, urbanization)(Haila 1999). Determining 
the extent of forest fragmentation helps 
determine the status of the forest ecosys-
tem– including biological diversity and air and 
water quality. Fragmented forests are more 
susceptible to attacks from insect or disease 
and often are stressed to a point of chronical-
ly unhealthy conditions (Lynch and Swetnam 
1992 as cited in Spies and Franklin 1996). 

Animal species that depend on intact forest 
structures are affected by extensive forest 
fragmentation. For example, spotted owl 
ranges were found to be 85% more expansive 
in heavily fragmented forests compared with 
spotted owls inhabiting lightly fragmented 
areas (Carey et al. 1990). In addition, patchy 
forest stands prevent the establishment and 
maintenance of stable animal travel corridors 
for larger mammals (e.g., wolves: Jȩdrzejews-
ki et al. 2004).

Forest fragmentation creates more edge 
forests, which can lead to destructive edge 
effects such as windthrow (Haila 1999). 
Human-caused forest edges are commonly 
uniform, following rectininear property lines, 
in contrast to naturally complex, jagged edges 

 

Forested Swamps 

Forested swamps are distinguished by 

a high water table for all or most of the 

year (e.g., tidal freshwater wetlands, near 

beaver dams). Common dominant tree 

species found in forested wetlands are Port 

Orford and western redcedars, red alder, 

Sitka spruce and Pacific willow. Moss, 

liverworts and lichens can make up a high 

percent of the ground cover (e.g., 85% in 

coastal British Columbia).

Once common in the Pacific Northwest, 

forested swamps such as Sitka spruce 

swamps are now one of the rarest wetland 

types in the region. These communities 

have largely disappeared due to timber 

harvesting and high sediment deposition 

from historic logging, conversion of 

wetlands to agriculture, and the naturally 

slow recovery times associated with 

forested wetlands. 

Sources: Peterson et al. 1997, Adamus et 

al. 2005 
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caused by natural disturbance (e.g., from fire) 
which provide greater spatial diversity in the 
landscape (Matlack and Litvaitis 1999). Mat-
lack and Litvaitis (1999) also describe edge 
zones as often hotter, drier, and having more 
light and wind exposure than non-fragmented 
forests (or “core” forests).

Species 

The project area falls within the United States 
Environmental Protection Service’s (USEPA’s) 
Coast Range Ecoregion (Thorson et al. 2003). 
The Coast range ecoregion comprises seven 
subregions, three of which are represented in 
the project area: 

1a Coastal Lowlands, characterized by the 
following terrestrial vegetation species: Sitka 
spruce, western hemlock, Douglas-fir over-
story; salal, western sword fern, vine maple 
(Acer circinatum), and Oregon grape (Maho-
nia aquifolium) understory; red alder, western 
redcedar, bigleaf maple (Acer macrophyllum) 
and salmonberry in riparian areas; stabilized 
dunes are dominated by shore pine, salal, 
rhododendron (Rhododendron spp.), and 
evergreen huckleberry.

1b Coastal Uplands characterized by the 
following species: Douglas-fir, and/or western 
hemlock overstory; salal, sword fern, vine 
maple, Oregon grape, rhododendron, and 
evergreen huckleberry understory; red alder, 
bigleaf maple, western redcedar and salmon-
berry in riparian areas.

1g Mid-Coast Sedimentary characterized by 
the following species: Douglas-fir, and/or 
western hemlock overstory; salal, sword fern, 
vine maple, Oregon grape, and rhododendron 
understory; bigleaf maple, western redcedar, 
grand fir (Abies grandis), red alder, salmon-
berry and oxalis (Oxalis spp.) in riparian areas.

It should be noted that USEPA’s inclusion of 
bigleaf maple (rare on the coast) in the coast-
al lowlands and uplands subregions and their 

 

Dune Habitat 

Dune habitats on the Oregon coast provide 

dynamic microhabitats that benefit a variety of 

plant communities. Dune forest communities 

are often engulfed by moving sand; however 

in areas of minimal activity (e.g. in deflation 

planes where high water tables effectively stop 

sand movement), dune forests develop with 

shore pine as an early seral species, replaced 

by the longer-lived Sitka spruce, and finally 

western hemlock as the climax species. In 

wind-exposed, unstabilized dune areas, low-

lying herbaceous plants (e.g., lupine [Lupinus 

littoralis]) dominate but have a low percent 

cover (10%), while the more wind-protected 

dune edges are aggressively colonized by 

various grass species (e.g., Festuca rubra) and 

herbs (e.g., western pearly everlasting) in plant 

communities with percent coverage as great as 

94%.

Sources: Franklin and Dyrness 1973, Kumler 

1969
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Table 3. Range, size, age and uses of the most common tree species in the project area. Sources: Randall et al. 1981, Pojar and 
MacKinnon 1994, Harris 1990, Harrington 1990; range maps from Wikipedia. * Diameter at breast height.
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exclusion of Port-Orford-cedar (common on 
the coast) are not accurate within the project 
area.

Table 3 provides a comparison of range, size, 
maximum age, and economic, historical and 
ecological uses of the ~15 dominant tree 
species in the project area. Other information 
not included in the table is provided below. 
Table 4 provides the same information for the 
most commonly found shrub and herbaceous 
species in the project area. 

Douglas-fir is the most common tree in the 
Pacific Northwest, and prefers deep, moist 

sandy loam soils (Randall et al. 1981). The 
tallest known living specimen (the ‘Doern-
er Fir’ at 327 ft) is found in Coos County. 
Douglas-firs are the most important timber 
species in the nation due to their high tim-
ber yields and use in structural lumber (e.g., 
dimensional lumber and plywood)(Randall 
et al. 1981). Historically, regular fires would 
clear most species save Douglas-fir (due to its 
thick bark), creating nearly pure old-growth 
Douglas-fir stands (with the also fire-resistant 
Port-Orford-cedar trees in their range)(Her-
mann and Lavender 1990).

Table 4. Range, size, and uses of the most common understory species in the project area. Sources: Garrison and Smith 1974, 
Randall et al. 1981, Pojar and MacKinnon 1994, Tirmenstien 1990



12-40 Vegetation in the Lower Coos Watershed

Port-Orford-cedar is only found in the coastal 
region from southwestern Oregon to north-
western California and is highly susceptible 
to Port-Orford-cedar root rot (see Disease/
Damage section below). It is a shade-tolerant 
slow growing species. There are climax com-
munities where Port-Orford-cedar is a domi-
nant species and is commonly associated with 
western hemlock (Zobel 1990). Old-growth 
Port-Orford-cedars develop thick bark, allow-
ing them to be highly fire resistant (Franklin 
and Dyrness 1973).

Sitka spruce is the largest spruce in the world 
(Randall et al. 1981). It is a shade-tolerant 
fogbelt species and is highly susceptible to 
decay when damaged. It’s rarely found more 
than 50 miles from the ocean and is found in 
moist or boggy sites (Harris 1990; Pojar and 
MacKinnon 1994; Randall et al. 1981). 

Western hemlock prefers deep, moist, 
well-drained soils (Randall et al. 1981). A 
shade-tolerant tree, it requires significant or-
ganic content in the soil. The thin bark of this 
species makes it vulnerable to damage from 
logging and fire (Pojar and MacKinnon 1994; 
Randall et al. 1981).

Western redcedar is a very shade-tolerant 
species. It can reach considerable sizes, and 
is second only to the sequoias and redwoods 
as the largest tree in the world (Pojar and 
MacKinnon 1994).

Shore pine is the common name used when 
this species occurs near the ocean, where 
wind stress contorts these trees into mal-
formed, twisted shrubs that rarely grow 

higher than 45 ft (Randall et al. 1981). Known 
as the lodgepole pine in the Cascades, this 
species ranges from southern Alaska to Baja, 
California, making it the widest ranging co-
nifer species in North America (Randall et al. 
1981). On the coast, this species can be found 
in dunes and in coastal swamp or bog habitats 
due to its tolerance to low nutrient conditions 
and salt spray (Pojar and MacKinnon 1994; 
Randall et al. 1981). However, this species is 
very intolerant of shading from other species 
(Lotan and Critchfield, 1990). 

Red alder is a deciduous tree. It is one of 
the few tree species that can fix nitrogen, 
the result of a symbiosis between its root 
nodules and bacteria (Harrington 1990). 
Alder can tolerate poor drainage conditions 
and some flooding so are often found along 
stream banks or in swamp/marsh habitats 
(Harrington 1990). Shade intolerant, red alder 
is a pioneer species that grows abundantly 
and rapidly in disturbed areas (Franklin and 
Dyrness 1973).

Disease/Damage

The two diseases causing the most damage 
to forests in the project area are Swiss needle 
cast (SNC) and Port-Orford-cedar root rot 
(POCRR). Except where otherwise noted, the 
following information on SNC comes from 
OSU’s Swiss Needle Cast Cooperative (SNCC 
2014) while information on POCRR originates 
from Hansen et al. (2000).

First discovered on a plantation in Switzerland 
in the 1920’s, SNC is caused by the native fun-
gus Phaeocryptopus gaumannii, which attacks 
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Douglas-fir trees. Diseased trees develop 
yellow needles, reduced needle retention, 
reduced tree diameter and height, and sparse 
crowns. Caused by an historically present 
pathogen, SNC was not considered a problem 
until the mid-1980’s – likely due to changes in 
forest management practices. Sixty years ago 
Douglas-fir made up ~ 20% of a diverse forest 
landscape that included hemlock, cedar, alder 
and spruce, stands. Douglas-fir is now fre-
quently the dominant species in these same 
forests (Shaw 2008). Oregon forests closer to 
the coast tend to have the highest incidence 
of SNC due to moist climate conditions and 
mild winter temperatures.

Betlejewski at al. (2011) and USFS (n.d.) 
describe POCRR as a disease caused by the 
non-native pathogen Phytophthora latera-
lis, which primarily infects Port-Orford-ce-
dar trees (can also infect the native Pacific 
yew, Taxus brevifolia). First seen in Oregon’s 
Port-Orford-cedar forests in 1952 and likely 
introduced from infected soil from a nursery, 
P. lateralis is a fungus-like mold (closely relat-
ed to brown algae) that actively swims in wa-
ter during one part of its life stage (zoospore), 
enabling it to infect tree roots. Hyphae (long, 
branching filamentous structures) from the 
mold then spread up roots, killing the phloem 
of the roots as they advance into the trunk. 
First signs of infected trees are a change in 
foliage from green to yellow or light brown, 
followed by foliage withering and then death. 
Infected seedlings can die within weeks of 
infection, while larger trees can take several 

years. In many areas, larger trees have died 
from this pathogen, dramatically changing the 
age/size distribution of Port Orford dominat-
ed forests.

POCRR is primarily spread as zoospore-car-
rying water moves downhill through forest 
soils. It is also spread through the transport 
of infected soils (e.g. animal paws/hooves 
and human boots, particularly the boots of 
those who harvest Port-Orford-cedar boughs, 
or car and truck tires covered with infested 
soil transported to uninfected areas). The 
pathogen has now spread to nearly all forests 
containing Port-Orford-cedar and there is 
no known way to eradicate it. Most heavily 
affected Port-Orford-cedar stands are those 
located in riparian and wetland zones where 
the pathogen can easily spread via water. 

Forest management practices have been em-
ployed to help prevent spread of the disease, 
including: wet-season road closures; har-
vesting and moving heavy equipment in dry 
season only; washing vehicles before entering 
uninfected areas; contouring road surfaces 
to direct surface water away from Port-Or-
ford-cedar stands; and planting trees on sites 
unfavorable to disease spread (e.g., upslope 
of roads). 

There are diseases not currently a problem in 
the project area which may affect the project 
area in the future (e.g., sudden oak death). 
These diseases are discussed in this chapter’s 
climate change summary.
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Insects

Douglas-Fir beetles (Dendroctonus pseudotsu-
gae), Douglas-fir engravers (Scolytus ventra-
lis), and flatheaded fir borers (Melanophila 
drummondi) are all beetles that attack Doug-
las-fir trees (the flatheaded fir borer can also 
infest spruce and western hemlock). These 
beetles are all attracted to and more easily 
infest already stressed trees (e.g. shocked 
trees on the edge of a recently opened stand; 
or stress due to drought). Beetle infestations 
are more likely to occur when downed wood 
is available to provide a suitable breeding 
ground for the beetles (e.g., when large slash 
is left after logging operations)(Flowers and 
Kanaskie 2007a, 2007b, 2007c). 

Douglas-fir beetles can kill large diameter 
trees by feeding under the phloem layer, al-
lowing sapwood to be infiltrated by wood-de-
caying fungi (Flowers and Kanaskie 2007a). 
Flatheaded fir borers are responsible for a 
substantial amount of large tree mortality in 
Oregon and can top-kill or infest and kill the 
entire tree (Flowers and Kanaskie 2007c). 
Douglas-fir engravers tend to kill smaller trees 
or cause branch mortality and top-kill in larg-
er trees (Flowers and Kanaskie 2007b).

For any of these pests, the best management 
method to prevent outbreaks is to manage 
forests for high stand vigor. Thinning (select-
ing for non-Douglas-fir species), removing 
windthrown or downed logs and removing 
large diameter slash are some methods to 
accomplish this.

Bears

According to Kanaskie et al. (2001), black 
bears peel tree bark and eat the cambium 
layer (inner tissue) in springtime. Bear activ-
ity can reduce the growth rate and health of 
trees, cause decay (lowering wood quality 
and value) or lead to mortality (most com-
mon when bears girdle the tree).
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Tidal Wetland Vegetation 
in the Lower Coos Watershed 
Summary: 

 � The Coos estuary has lost most of its 
historic tidal marshes and forested 
swamps. However, remaining tidal marsh 
and swamp acreage appears to be 
relatively unchanged since 1979. 

 � Tidal wetlands in the Coos estuary host 
diverse plant communities characterized 
by several dominant species, including 
pickleweed in marine-dominated marshes 
and sedges in brackish marshes.

 � Data from undisturbed marshes in the 
project area show that the composition of 
undisturbed marsh plant communities in 
the Coos estuary appears to be stable. 

 � There are a few non-native, invasive, and 
endangered tidal wetland plant species of 
concern in the Coos estuary. 

Figure 1. Spatial extent of marsh vegetation studies in the project area. 

Subsystems: 
SS= South Slough, 
LB= Lower Bay 
PS= Pony Slough 
IS= Isthmus Slough
UB= Upper Bay 
HI= Haynes Inlet 
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What’s happening?

Change in Tidal Wetland Area

Several studies have quantified the extent of 
wetland conversion in the Coos estuary since 
European settlement (ca. 1800). Hofnagle et 
al. (1976) estimated that almost 90% of Coos 
Bay’s tidal wetlands have been converted 
to other land uses. Good (2000) estimated 
the total loss between 1870 and 1970 to be 
66%. In a 2006 report, the Coos Watershed 
Association (CoosWA) examined estuarine 
sediment and vegetation to determine the 
historical extent of wetland areas in six low-

land streams (CoosWa 2006)(Figures 1 and 
2). Their analysis suggests that wetland areas 
in these basins appear to have decreased by 
70-95% of their historic extent (Table 1). Over 
the past 30 years, some of these converted 
wetlands have been restored to their original 
function (see the Marsh Restoration sections 
below).

This data summary uses the National Wet-
lands Inventory (NWI) habitat classification 
(Cowardin et al. 1979)(see sidebar) to an-
alyze recent change to wetland area based 
on available NWI data from 1979 and from 

Figure 2. Coos Watershed 
Association lowland 
assessment sub-basins . 
Figure: CoosWA 2006

Table 1. Estimates of historic 
wetland habitat loss since 
European settlement in six 
lowland sub-basins of the 
Coos estuary (see Figure 2). 
Data: CoosWA 2006
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2003 (see 2003 data in Figure 3). The NWI 
system classifies wetland habitat into several 
broad “Systems” including Marine, Estuarine, 
Riverine, Lacustrine, and Palustrine (Table 
2 and Figure 4). Each System consists of a 
series of “Classes”, “Subclasses” and “Domi-
nance Types”. This data summary focuses on 
the vegetation classes within NWI’s Estua-
rine system: Aquatic Bed (e.g. seagrasses), 
Emergent Wetland (rooted vegetation whose 
leaves and stems extend above the water 
surface), Scrub-Shrub Wetland, and Forested 
Wetland (Figure 5). For additional information 
about the NWI classification system for other 
wetland types see NWI’s online Wetlands 
Mapper tool (USFWS 2014a). We note here 
that there is little information available about 
the historic extent of scrub-shrub and forest-
ed tidal wetlands in the Coos estuary which 
would have been almost entirely converted 
prior to NWI wetland mapping in 1979. This 
data summary does not reflect the true loss 
of those habitats and recognizes the omission 
as a key information gap. 

At the System level, the NWI data suggest 
that wetlands in the project area have re-
mained relatively unchanged between 1979 
and 2003 (Table 3), after years of wetland loss 
documented in Hofnagle at al. (1976), Good 
(2000), and CoosWA (2006). At the more 
refined Class level, the data actually indi-
cate an increase (40%) in vegetated wetland 
acreage within all Systems (excluding Marine) 
from 1979 to 2003 (USFWS 1979, 2003)(Table 
4). This change is driven by the Aquatic Beds 
Class in the Estuarine System, which experi-
enced an apparent net increase of approx-

 

National Wetland Inventory

In the late 1970s, the United States Fish 

and Wildlife Service (USFWS) established 

a federal standard for wetland and deep 

water habitat classification. The new 

system was used to conduct a nationwide 

wetland habitat inventory to provide 

information about the distribution of 

wetlands in the United States and aid in 

conservation efforts. 

This classification scheme defines wetland 

habitat according to its ecological and 

physical characteristics, including water-

loving plants (hydrophytes), wetland soils 

(hydric soils), and flooding frequency. 

At the highest level of the classification 

hierarchy, “systems” are defined by one 

of five types: marine, estuarine, riverine, 

lacustrine, and palustrine. Each system 

is further classified by substrate material 

(e.g., unconsolidated gravel bottom), 

flooding regime (e.g., regularly flooded 

intertidal habitat) and vegetation (e.g., 

scrub-shrub wetlands dominated by small 

trees or shrubs). 

Sources: Cowardin et al. 1979, USFWS 

2014b
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Table 2. Definition of five 
NWI systems. Data: Cow-
ardin et al. 1979. 

Figure 3. Distribution of wetland habitat at the System level in the lower Coos watershed (project area) in 2003. Map 
generated from most current National Wetlands Inventory (NWI) data. Data: USFWS 2003
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Figure 4. Examples of habitat rep-
resenting four NWI Systems. See 
Figure 1 for distribution of Systems 
within project area and Table 2 
for definitions. Top left: Millicoma 
River, Coos River Subsystem; Top 
right: Empire Lakes, Lower Bay Sub-
system; Bottom left: Hidden Creek 
marsh, South Slough Subsystem; 
Bottom right: Matson Creek marsh, 
Catching Slough Subsystem.

Figure 5. Schematic representation 
of NWI vegetation classes within 
a wetland setting. Image modified 
from Wilcox et al. 2007

Table 3. Summary of wetland habitat 
change within the lower Coos estu-
ary (1979-2003) based on NWI data 
aggregated at the System level. Data: 
USFWS 1979, 2003

Table 4. Summary of wetland hab-
itat change within the lower Coos 
estuary (1979-2003) based on NWI 
data aggregated at the Class level in 
the Estuarine System. Data: USFWS 
1979, 2003
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imately 570 acres (63% increase from 1979 
levels). Acreage for all other vegetation Class-
es decreased slightly; declines in Emergent, 
Forested, and Scrub-Shrub Wetland Classes 
collectively accounted for less than 3 acres of 
lost wetland in the lower Coos estuary from 
1979- 2003. 

It’s important to note some limitations of the 
NWI data. While gains or losses may be indic-
ative of actual trends, they could also reflect 
a reclassification of existing wetland areas. 
For example, a parcel that was unclassified in 
1979 may be classified as aquatic vegetation 
in 2003. In this case, the data would suggest 
a net gain of aquatic vegetation habitat, even 
though this gain may only reflect a reclassifi-
cation of pre-existing wetlands. Since the data 
do not account reclassifications, it’s possible 
that the observed increase in aquatic vege-
tation beds within the estuarine systems of 
Coos Bay (Table 4) may be exaggerated (see 
Chapter Summary for data limitations). We 
are missing data with which to independently 
check these results since eelgrass has been 
comprehensively mapped only once in the 
Coos estuary (in 2005)(see Seagrasses and 
Algae in the Lower Coos Watershed data 
summary in this chapter). In general, more 
data characterizing the current and historic 
extent of tidal wetlands for the Coos estuary 
are needed to improve our understanding of 
local tidal wetland status and trends.
 
Tidal Wetland Community Composition and 
Diversity

In 2007, the Western Ecology Division of 
the United States Environmental Protection 

Agency (USEPA) published a report that in-
cluded information about the distribution of 
emergent marsh vegetation in the extensive 
estuarine intertidal habitats (tidal wetlands) 
in California, Oregon and Washington estu-
aries (Nelson et al. 2007). Sampling did not 
include high marsh habitats; they focused on 
characterizing low emergent marshes and 
intertidal mud and sand flats. In summer 
2002, they collected data from 217 sites, with 
almost half of the 65 sites in Oregon located 
in the Coos estuary (30 sites). USEPA results 
indicate that overall low marsh vegetation 
percent cover for West Coast tidal wetlands is 
low, underscoring the dominance of intertidal 
mud and sand flats in the total area of West 
Coast estuaries (Figure 6). It is important 
to note that these data are relative to low 
marsh habitats only; if high marsh habitats 
were included in the study, mud and sand flat 
habitat would not have been as dominant. 
USEPA add that low marsh and intertidal flat 
vegetative cover from non-native species was 
very low (8% overall), having encountered 
only two such species: Japanese eelgrass (Zos-

Figure 6. Mean relative abundance of vegetation groups and 
bare (unvegetated) area in low marsh vegetation plots. Nelson 
et al. 2007 
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tera japonica)(estuaries in all three states)
and smooth cordgrass (Spartina alterniflora)
(Washington estuaries only). Japanese eel-
grass is commonly found in the low intertidal 
zones of the Coos estuary (see Seagrasses 
and Algae in the Lower Coos Watershed data 
summary in this chapter). Smooth cordgrass 
is not found in the Coos estuary (see Chapter 
18: Non-Indigenous/Invasive Species). 

Other studies characterize the emergent 
marshes (both low and high marshes) of the 
Coos estuary. Rumrill and Sowers (2008) char-
acterized emergent marsh vegetation along 
the estuarine gradient in the Coos estuary’s 
South Slough, with one site representing 

habitats subject to marine-dominated tidal 
hydrology (full salinity- 33); one site repre-
senting habitats subject to polyhaline tidal 
hydrology (salinity 18-30); and one site rep-
resenting habitats subject to riverine/meso-
haline tidal hydrology (salinity 0-18). All study 
sites were considered to be “least disturbed”, 
meaning they’ve not been converted to other 
land uses and remain relatively undisturbed 
by other human activities. Not surprisingly, 
Rumrill and Sowers report that emergent 
marsh communities displayed “substantial 
spatial variability” along the estuarine gra-
dient. The greatest species richness was re-
corded at the riverine/mesohaline site, while 
the polyhaline and marine-dominated sites 

Figure 7. Dominant marsh plant 
species ( > 50% cover) in study 
area appear to be correlated 
with environmental factors (e.g., 
salinity), with sedges occurring 
primarily in more brackish/fresh-
water areas of the estuary and 
pickleweed dominating more 
saline marshes. Salinity ranges 
from marine-dominated (dark 
blue) near the mouth of the es-
tuary to riverine (light blue) near 
the freshwater inlets. 
Data: Laferriere et al. 2010 
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displayed lower species richness (due to the 
relatively fewer number of emergent plant 
species adapted to higher salinity growing 
conditions). Plant communities in the study 
sites were generally characterized by a group 
of four to seven dominant species (>10% 
cover) with up to eight other sub-dominant 
species characterized in the study. 

Least disturbed intertidal wetlands in the 
Coos estuary typically host communities com-
prising “a mixed assemblage of 25-30 com-
mon emergent vascular plants.” Marshes are 
often dominated by the relatively high abun-
dance of a few species, including pickleweed 
(Salicornia virginica), fleshy jaumea (Jaumea 
carnosa), salt grass (Distichlis spicata), tufted 
hairgrass (Deschampsia caespitosa), creep-
ing bentgrass (Agrostis stolonifera), Lyngby’s 
sedge (Carex lyngbyei), and arrowgrass (Tri-
glochin maritimum)(Hamilton 2011; Nelson et 
al. 2007; Laferriere et al. 2010; Cornu 2005a; 
CoosWA 2010; Rumrill and Sowers 2008). 

Another study, by Laferriere et al. (2010), 
surveyed emergent intertidal marsh vegeta-
tion at sites throughout the Coos estuary as 
part of an investigation into the abundance 
and distribution of Assiminea parasitologica, 
a small, invasive snail native to Japan (Figures 
1 and 7)(see more information about the 
snail in Chapter 18: Non-Indigenous/Invasive 
Species). Since the sampling design for this 
study was focused on the invasive snail, the 
emergent marsh data, while still very useful, 
include gaps and should not be considered 
a comprehensive characterization of Coos 
estuary emergent marsh plant communities. 

For example, the investigators recorded the 
presence of generic sedge species (Carex 
sp.), missing the opportunity to distinguish 
the critical difference between the dominant 
freshwater sedge (Carex obnupta) and the 
salt-tolerant sedge (Carex lyngbyei)(see Data 
Gaps and Limitations in Chapter Summary). 

Laferriere et al. (2010) reports that sedges 
(Carex spp.) are the most abundant plant 
species in marshes in the upper reaches and 
freshwater dominated portions of the estu-
ary, while pickleweed dominates marshes in 
the more marine-dominated (saline) environ-
ments. The distribution of other dominant 
species appears to be patchy throughout the 
lower watershed. Data from other studies in 
the South Slough Subsystem support these 
conclusions (Hamilton 2011)(Figure 8).

Species “richness” or other measures of 
species diversity (see sidebar) also appear to 
be a function of ecosystem “drivers”, such as 
tidal inundation period (determined by tidal 
magnitude and marsh surface elevation- low 
elevation marshes experience longer periods 
of tidal inundation than high marshes) and sa-
linity regime (tidewater salinity and resulting 
marsh soil salinity)(Hamilton 2011)(Figure 9). 

Hamilton (2011) compared diversity metrics 
in multiple years at South Slough’s over-
lapping “biomonitoring” marsh study sites 
(Figure 1)(Rumrill and Sowers 2008, Hamilton 
2011). Both diversity and species richness 
appear to have increased from 2004-2010 
(Figure 10). This trend is most apparent when 
comparing the average species richness, a 
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Figure 8. Composition 
of tidal marsh plant 
communities at four 
sites in the South Slough 
subsystem located along 
the salinity gradient. 
Data: Hamilton 2011
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Measuring Biodiversity

Because quantifying diversity can be 

a complex process, several measures 

or “indices” have been developed. The 

following list explains a few common 

indices:

Species Richness: the total number of 

species in a community. 

Species Evenness: a measure of how 

evenly individual species are distributed 

within a community, with a value of 1 

being perfect parity (i.e., exact same 

number of each species in community). 

Shannon-Weiner Index: a “composite 

index” that incorporates both richness 

and evenness. Values range from 1.5-3.5 

in most ecological communities, with high 

values representing greater diversity. 

Effective number of species: a measure 

of species richness based on composite 

indices calculated by imposing the 

assumption of perfect evenness and 

calculating the number of species 

necessary to achieve a specified diversity 

value.

Sources: Magurran 2004; Heip et al. 1998; 

Gotelli and Chao 2013; Kerkhoff 2010

metric that showed substantial increases at 
both Danger Marsh (33% increase from 2004 
levels) and Valino Island (58% increase). It’s 
important to note, however, that while these 
trends may reflect true ecological changes, 
they may also be attributable to differences in 
methods used in the different studies. Data to 
be collected in the future at the same long-
term monitoring sites will shed light on these 
findings (Hamilton 2011).

Emergent Marsh Restoration

Tidal wetland restoration projects, most com-
monly focused on emergent marsh habitat 
classes, have been almost commonplace in 
the project area over the past 20 years. The 
most complete record of restored acres in the 
project area comes from the Oregon Water-
shed Restoration Inventory (ORWI 2013a, 
2013b). The ORWI catalogs all projects fund-
ed by the Oregon Watershed Enhancement 
Board (OWEB), a state agency that is a sub-
stantial source of grant funding for wetland 
restoration projects. These records suggest 
that OWEB funding has resulted in approxi-
mately 268 acres of tidal wetland restoration 
within the project area since 2002. South 
Slough National Estuarine Research Reserve 
(SSNERR) staff have worked with partners 
since 1996 to restore approximately 80 acres 
of tidal wetlands within the Reserve (see 
below). Figures for tidal wetland restoration 
conducted by others in the project area and 
for tidal wetlands acreage restored through 
the compensatory mitigation process were 
not available at the time of this writing. 
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Figure 9. Diversity metrics de-
scribing the species evenness and 
species richness (see “measuring 
biodiversity” sidebar) of marsh 
plant communities in South Slough. 
Data collection occurred at South 
Slough Reserve “biomonitoring” 
sites that span South Slough’s 
salinity gradient. More saline sites 
occur in the north part of the 
slough (Metcalf); more brackish 
and freshwater sites occur in the 
south part of the slough (Danger). 
Data : Hamilton 2011 

Figure 10. Diversity and species 
richness of marsh plant communi-
ties at Danger Point marsh (blue). 
Linear trendlines show general 
increase in both diversity (dashed) 
and richness (solid) at these two 
sites. Sampling did not occur in 
2006 and 2007. Data: Hamilton 
2011
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Figure 11. Aerial photo of Kunz 
Marsh in 1997. The restoration 
area is divided into four cells by 
temporary partitions. The elevation 
of each cell varies with lowest ele-
vation occurring closer to the bot-
tom of the photo and the highest 
elevation occurring nearer the top. 
The division of the marsh into cells 
allowed researchers to examine the 
effect of marsh elevation on the 
natural recruitment of emergent 
salt marsh vegetation and the 
development of marsh function. 

Figure 13. Excavation of the 
Anderson Creek high flow channel 
in the regraded Anderson Creek 
floodplain. 

Figure 12. Percent frequency of the 
most dominant plant species found at 
Kunz Marsh (restoration site- only mid 
elevation marsh represented here) as 
well as Tom’s Creek and Danger Point 
Marshes (reference sites). Data are 
displayed for both generally abundant 
species (solid colored lines) as well as 
less abundant species (black dashed 
lines). The Kunz Marsh data show a 
shift in species composition. From 
1996 to approximately 2000, the plant 
community was dominated by early 
colonizers, including creeping bent-
grass (A. stolonifera), brass buttons (C. 
coronopifolia), and orache (A. patula). 
In later years, Lyngby’s sedge (C. 
lyngbyei), tufted hairgrass (D. caespi-
tosa), and arrowgrass (T. maritima) 
were the most dominant species. In 
comparison, the reference sites show 
relatively stable plant communities; 
species composition dominated by 
the same species that colonized Kunz 
marsh in the post-2000 years. Data 
were not collected at the reference 
sites in 1998, 2001, and 2007. Plant 
species abundance for these years was 
interpolated at these sites based on 
the data that are available for all other 
years. Data: Cornu 2005a; graphic 
modified from Cornu et al. 2012. 
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Several emergent marshes in the project 
area’s South Slough Subsystem (historically 
converted to agricultural land uses) have 
been the focus of extensive marsh resto-
ration. These efforts provide insight into the 
response of brackish marsh plant commu-
nities to major “disturbance” events such 
as re-establishing tidal flooding at a site not 
flooded for many years. Restoration projects 
provide insights into the recovery of marsh 
ecosystems, informing subsequent restoration 
project planning and design (Cornu 2005a). 
 
Kunz Marsh Restoration Project

In 1997, SSNERR staff began a yearly vegeta-
tion monitoring effort at Kunz Marsh, where, 
in 1996, dike material was used to regrade 
the subsided marsh to three intertidal ele-
vations and partitioned into four “research 
cells” (Cornu 2005a)(Figure 11). Kunz marsh 
presented a unique opportunity to observe 
the development of a tidal wetland plant 
community recruited naturally on unvege-

tated marsh soils at three intertidal eleva-
tions (the regraded marsh was not planted). 
SSNERR staff collected vegetation data (in 
addition to other data, such as sediment 
accretion) in each of the Kunz marsh cells 
to understand the effects of marsh surface 
elevation on tidal wetland vegetation recruit-
ment and plant community development 
over time. Kunz marsh vegetation data were 
compared with vegetation data also collected 
yearly at adjacent least disturbed marsh sites 
(Danger Point and Tom’s Creek “reference” 
marshes) to evaluate the rate at which the 
plant communities developing in the Kunz 
marsh research cells were progressing to-
wards the “target” marsh plant communities 
in the reference sites (Cornu 2005a).

Percent frequency vegetation data (i.e., per-
cent of plots in which individual species are 
encountered) from the two reference sites 
indicate relative plant community stability 
compared with Kunz marsh vegetation data 
(Figure 12). Kunz marsh data document the 

Figure 14. Vegetation change in 
Anderson Creek floodplain, 1999-
2005. Solid colors represent native 
species. Black and white patterns 
represent non-native species. Data 
and graphic: Cornu 2005b
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recruitment of early colonizing vegetation 
and both the recruitment and establishment 
of later, permanently colonizing vegetation 
species, a very dynamic successional process 
(Figure 12). There are distinct differences in 
the timing and rate of vegetation recruitment 
and the colonization trajectories of individual 
species associated with the Kunz research cell 
elevations. For more information on monitor-
ing results, see Cornu 2005a, and Cornu and 
Sadro 2002. 

Figure 15. Progression of marsh 
plant community development in 
Anderson floodplain 2006-2010 
shows continued domination of 
the native slough sedge (Carex 
obnupta) in areas of slightly less 
saturated wetland. 

Figure 16. Changes to the brackish plant community at Dalton 
Creek and Fredrickson marsh restoration sites in the South 
Slough Subsystem. Data and figure: Cornu 2005c 
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Anderson Creek Marsh Restoration Project

SSNERR staff conducted five years of vege-
tation monitoring at Anderson Creek marsh, 
including one year of monitoring in 1999 
before restoration began, and four years 
monitoring after restoration actions were 
completed in 2002. In 2001, SSNERR staff 
initiated the restoration of Anderson Creek 
by regrading the floodplain and generating fill 
material to eliminate the 850 meter (2,800 ft) 
deeply downcut ditch that Anderson Creek 
had become (Cornu 2005b)(Figure 13). Since 
all existing vegetation was removed during 
site regrading, and invasive species, including 
reed canary grass, were among the plant spe-
cies expected to recruit to the site, Reserve 
staff re-planted the site aggressively with 
native wetland and riparian vegetation. 

Similar to Kunz Marsh, data from Anderson 
Creek suggest that the species composition 
and relative abundance of individual species 
in the developing plant communities at the 
site were dynamic. Cornu (2005b) explains 
that residual pasture grasses and exotic forbs 
dominated the Anderson floodplain during 
the growing season in 2003. However, he 
adds that, by summer 2004, native wetland 
grasses and forbs had increased in abundance 
(Figure 14). In subsequent years, the plant 
community continued to develop, with native 
vegetation steadily becoming more abundant 
in the Anderson floodplain, beginning to push 
out the non-native species by 2005 (Figure 
15). 

Restoration at Cox, Dalton, and Fredrickson 
Creek Marshes

Cox, Dalton, and Fredrickson Creek brackish 
marshes are located near the southern end of 
the South Slough Reserve boundary. Similar 
to Kunz and Anderson Creek Marshes, the 
floodplains of these three sites were diked 

Figure 17. Salt marsh bird’s beak. Photo: Institute for Applied 
Ecology

Figure 18. Pacific reedgrass. Photo: University of California, 
Berkley
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and converted to agricultural uses in the early 
1900’s (Cornu 2005c). Restoration began in 
1996 for Cox Marsh and 1998 for both Dalton 
and Fredrickson. 

Post-restoration vegetation monitoring 
revealed very little change to species com-
position at the Dalton Creek and Fredrickson 
marsh sites (Figure 16). At the Cox marsh site, 
a large and now permanent beaver dam was 
constructed across the mouth of the marsh, 
raising the freshwater water table all through 
the marsh. This change is influencing the 
development of a plant community featuring 
many more freshwater species than would be 
represented without the beaver dam, includ-
ing some non-native (and potentially invasive) 
species like velvet grass (Holcus lanatus), 
birdsfoot trefoil (Lotus corniculatus), and reed 
canary grass (Phalaris arundinacea)(Cornu 
2005c). 

Plants of Special Concern

The Coos estuary salt marshes are inhabited 
by a few plant species of special concern. Salt 
marsh bird’s beak (Chloropyron maritimum 
ssp. palustre- formerly known as Cordylan-
thus maritimus ssp. palustris) is federally 
listed as a species of concern and also listed 
as endangered by the state of Oregon (OR-
BIC 2013)(Figure 17). This species is found 
in fringing low marshes in the lower portion 
of South Slough and in a few locations in the 
lower Coos estuary (Lower Bay subsystem)
(Rumrill and Sowers 2008). SSNERR staff work 
with partners to keep track of the locations of 
the plant, which tends to grow in the lower 
estuary in sandy soils among plants like pick-

leweed and fleshy jaumea (Cornu et al. 2012). 

Pacific reedgrass fen (Calamagrostis nut-
kaensis), a rare native plant, was also found in 
the South Slough Subsystem in 2005 (Brophy 
2005)(Figure 18). For more information about 
rare and endangered plants in the project 
area, refer to the Rare and Endangered data 
summary of this chapter.

In addition to the species mentioned above, 
the lower Coos watershed also contains 
non-native and invasive vegetation. The 
following species are regarded as the biggest 
non-native or invasive threats to plant com-
munities in the marsh habitats in the project 
area: reed canary grass, purple loosestrife 
(Lythrum salicaria), knotweeds (Polygonum 
spp.), and cordgrasses (Spartina spp.). Grass-
leaf rush (Juncus marginatus), a species 
considered to be a non-native invasive plant 
in the Willamette Valley, was also discov-
ered in the South Slough Subsystem (Brophy 
2005). Continued monitoring and control of 
these and other non-native/invasive threats 
will help ensure the resiliency of native plant 
communities. For more information about 
non-native and invasive plants in the project 
area, refer to Chapter 18: Non-indigenous/
Invasive Species. 

Why is it happening? 

Tidal Wetland Alterations and Restoration

Tidal wetland plant communities are sensitive 
to natural and human-generated alterations, 
because the manipulation of wetlands can 
result in complex (and sometimes extreme) 
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changes to the hydrology of wetland eco-
systems (Cornu 2005a, 2005b, 2005c; Hood 
2004, Gedan et al. 2009). Historically, tidal 
wetland alterations occurred throughout the 
Coos estuary. Tidal marshes, forested tidal 
swamps, and scrub shrub tidal wetlands were 
eliminated through wetland filling (often us-

ing dredge spoils), or were diked and drained, 
and their meandering tidal channels filled 
and replaced with linear drainage ditches, 
and marsh, forest, and shrub communities 
converted or removed. All of these changes 
were made to accommodate other uses (e.g., 
agriculture, urban, industry, silviculture)(Co-
osWA 2006). 

In most cases, diking and draining tidal 
wetlands initiates natural processes that can 
result in significant elevation loss of those 
lands behind dikes which can be exacerbated 
by normal agricultural activities such as live-
stock grazing and transport of heavy equip-
ment across the site (see sidebar). Subsidence 
makes agricultural activities increasingly 
difficult over time because the lower the land, 
the harder it is for the land to drain, especial-
ly after sustained wintertime rainfall. Some 
subsided agriculture lands drain so poorly 
that their soils remain saturated for most of 
the year, greatly limiting or eliminating their 
agricultural productivity. Many of these lands 
are simply abandoned.

These same lands, however, can be made 
productive in other ways that benefit human 
communities. Restoring dikes and drained 
wetlands to their fully functioning former 
tidal wetland condition re-establishes ben-
eficial “ecosystem services” such as critical 
nursery habitat for commercially important 
fish and shellfish species (e.g., salmon and 
Dungeness crabs), floodwater retention (tidal 
wetlands act like sponges and soak up win-
tertime floodwaters, which reduces flooding 
in developed areas), and improvements to 

 

Marsh Subsidence

The soil surface elevation of diked tidal 

wetlands tends to decrease over time in a 

process called “marsh subsidence.” Subsidence 

occurs in areas were wetlands have been diked 

to accommodate alternative land uses. Since 

wetlands behind dikes are excluded from tidal 

flooding, they are prevented from the delivery 

of sediment that helps maintain marsh surface 

elevation in a healthy, functioning wetland. 

When diked wetlands dry out, their soils begin 

to oxidize, decompose, and consolidate. The 

marsh vegetation, which once added organic 

material to the soil, is replaced by pasture 

vegetation that is continuously removed by 

grazing, and the soil is heavily compacted 

by livestock and machinery. Over time, the 

original marsh soil consolidates and subsides, 

sometimes significantly (e.g., 80 cm [31 in] at 

South Slough’s Kunz Marsh). 

Sources: Cornu 2005a; Roman et al. 1984; 

Frenkel and Morlan 1991; Anisfeld et al. 1999; 

Weinstein and Weishar 2002
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water quality (sediments are trapped by 
tidal wetlands, helping clear turbid waters; 
excess nutrients and many water soluble 
compounds considered pollutants are tak-
en up by natural biogeochemical processes 
constantly occurring in tidal wetlands). When 
restoring wetlands, subsidence is a common 
issue that must be addressed by restoration 
practitioners. The Kunz marsh restoration 
project described above is one approach to 
be considered for accelerating the recovery of 
subsided former tidal wetlands. 

Background 

Tidal wetlands form over many decades as 
layers of sediment from both terrestrial and 
marine sources are slowly but steadily depos-
ited on tidal flats through daily tidal flooding. 
Eventually, the tide flats reach elevations 
relative to the tide that allow their coloni-
zation by vascular plants. Many saltwater, 
brackish and freshwater marsh plant species 
are adapted to colonize and persist in higher 
elevation tide flats whose flooding frequency 
and duration (dictated by tide flat elevation) 
do not exceed maximum thresholds. Different 
species have different thresholds- for exam-
ple, pickleweed, a common low marsh plant, 
is adapted to withstand more frequent and 
longer tidal flooding than Pacific silverweed 
(Argentina egedii), a high marsh plant. Tide 
water salinity also plays a significant role in 
determining which plants are able to colonize 
which tide flats; more salt tolerant species 
(e.g., pickleweed, fleshy jaumea, arrowgrass) 
can colonize tide flats located in the lower 
portions of estuaries nearer to the ocean 
(subject to high salinity levels), while less 
salt tolerant species, (e.g., pacific silverweed, 
baltic rush [Juncus balticus]) will colonize tide 
flats located in the upper portions of estuar-
ies further away from the ocean and more 
influenced by river and stream flows (Cornu 
2005a).

Once colonized with low marsh vegetation, 
tide flats continue to build upwards, accel-
erated by vegetation’s tendency to help trap 
sediments and contribute their own organic 
material (through yearly senescence), in a 
process called “vertical accretion (Kerney et 

Figure 19. Development of a low marsh tidal channel network 
at the Kunz marsh restoration site, South Slough. 
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al. 1994; Cahoon et al. 1995; Cornu and Sadro 
2002). Mature tidal marshes, also known as 
high marshes, stop growing vertically when 
they reach an elevation equal to, or a little 
higher than the mean of all the higher high 
tides (mean higher high water- MHHW) that 
flood the marsh. Mature/high marshes still 
require regular sediment deposits from tidal 
flooding to maintain their elevation relative to 
the tide (Cornu and Sadro 2002).

Tidal channels form largely through the same 
accretion processes that form vegetated tidal 
wetlands. Tidal wetlands build up around tid-
al channels, whose steep banks are stabilized 
by the cohesiveness of the tide flat sediments 
(mostly clays and silts except near estuary 
mouths, where sediments have higher sand 

content), and by the extensive and persistent 
root systems associated with tidal wetland 
plant communities (Cornu 2005a)(Figure 19). 
Tidal channels serve an important function, 
providing habitat structure and foraging 
access for animals as well as pathways for 
the import and export of materials that help 
sustain life in the marsh, including nutrients, 
detritus, and propagules (e.g., plant seeds, 
benthic invertebrate and insect eggs)(Cornu 
2005a).

The composition and distribution of vegeta-
tion in estuaries depends on several factors: 

 � On an macro-scale, the hydrology of an 
estuary determines the characteristics of 
the brackish plant community. For exam-

Figure 20. Typical zonation of Pacific 
Northwest estuarine vegetation 
showing the distribution of plants 
relative to marsh elevation. Figure: 
Seliskar and Gallagher 1983
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Table 5. Commonly occurring native plants in the marshes of 
the lower Coos estuary.

ple, Nelson et al. (2007) explain that in 
Washington, where estuaries are domi-
nated by tidal flat habitats, seagrass and 
macroalgae appear to be more abundant. 
By contrast, emergent vegetation appears 
to be abundant in California estuaries, 
where marsh habitats are more readily 
available. Since Oregon is a mixture of 

these two habitat types, the plant com-
munities of its estuaries tend to contain 
a mixture of macroalgae, seagrass, and 
emergent vegetation. 

 � On a smaller scale, the topography and 
land-use history of a specific waterway 
as well as the individual features of each 
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tidal wetland (e.g., tidal channels, large 
wood or lack thereof, shallow pools, 
filled or excavated areas) all influence the 
composition and spatial distribution of 
specific marsh plant communities (Laferri-
ere et al. 2010). 

Tidal wetlands in the Coos estuary are subject 
to a range of environmental conditions. Many 
are additionally affected either directly or in-
directly by a variety of land use histories. As a 
result, a diversity of plant communities in var-
ious stages of successional development con-
tinue to persist or have become established 
in these habitats (Figure 20). Table 5 presents 
several native plant species commonly occur-
ring in Coos estuary tidal wetlands.

As mentioned above, tidal wetlands have 
historically been considered impediments 
to productive land use, and have commonly 
been altered to accommodate uses that are 
traditionally viewed as high-value alternatives 
(e.g., agriculture, urban development, etc.)
(Giannico and Souder 2005). In Europe, this 
practice began as early as the seventh centu-
ry, and the continued conversion of low-lying 
coastal zones throughout the globe is the 
greatest contributing factor to the destruction 
of wetlands worldwide (Daiber 1986; Mid-
dleton 1999; Giannico and Souder 2005). For 
more information about human structures in 
tidal wetlands, including dikes and tide gates 
in the project area, refer to the Land Use sec-
tion of Chapter 8: Physical Description.

Public health concerns have provided an-
other historic impetus for altering wetlands. 

The practice of filling or draining wetlands 
to control the threat of malaria began over 
2,000 years ago in Italy (Doody 2001). In 
North America, this type of mosquito-control 
began in the southeastern United States in 
the early 19th century and was adopted by 
some northern states with the help of return-
ing soldiers who served in the south during 
the American Civil War (Doody 2001; Dreyer 
and Niering 1995). Although the threat of 
malaria has abated, tidal marsh alteration for 
the purpose of insect control is still common 
practice in parts of the U.S. (Montague et al. 
1987; Giannico and Souder 2005). 

In 2013, the significant nuisance associated 
with mosquitoes was raised in the Bandon 
area. After a large-scale (420 acres) tidal 
wetland restoration project was complet-
ed at the Bandon Marsh National Wildlife 
Refuge’s Ni-les’tun site, shallow man-made 
pools remained. These pools combined with 
a particularly warm and wet spring to cause a 
boom in the local salt marsh mosquito (Aedes 
dorsalis) population. While the project was 
undertaken in 2011 to benefit wildlife, includ-
ing migratory waterfowl and shorebirds, and 
commercially important fish species (includ-
ing the threatened Coho salmon), the unin-
tentional increase occurred during the spring 
and summer of 2013. 

Mosquito populations took advantage of the 
breeding habitats formed by shallow pools 
remaining at the restored and recovering Ni-
les’tun restoration site. The pools were cre-
ated inadvertently as filled ditches subsided 
or as ruts left by equipment collected water. 
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Though mosquitoes are present in tidal wet-
lands all along the Oregon coast, and many 
similar tidal wetland restoration projects have 
been constructed over the past 30 years, no 
other tidal wetland restoration effort has 
experienced this issue at such a large scale.

In 2014, USFWS undertook adaptive manage-
ment measures to eliminate the pools and 
reduce mosquito breeding populations at 
the site with very favorable results. For more 
information about this mosquito issue, see 
the Bandon Marsh Wildlife Refuge website: 
http://www.fws.gov/oregoncoast/bandon-
marsh/Mosquito.html . 

Understandably, this problem became very 
controversial among local residents (the local 
mosquito population was truly unacceptable 
by anyone’s standards). Some called for the 
re-diking and draining of the site (e.g., Taylor 
2014). It should be noted that it’s common 
for habitat restoration projects to require 

adjustment after restoration construction is 
completed; adjustments are typically made to 
redirect natural processes in such a way that 
ensures the full recovery of the restored hab-
itat without adversely affecting neighboring 
landowners or local residents. 

In the case of the Ni-les’tun project, the 
mosquito population explosion in 2013 was 
addressed through adaptive management 
methods, because local residents were so 
adversely affected there was not time to wait 
for natural processes to reduce the mosquito 
populations. Over time, natural habitat re-
covery processes will develop and ultimately 
control mosquito populations on their own 
(i.e., the shallow pools would have slowly 
filled with sediments and salt marsh vegeta-
tion, eliminating mosquito breeding habitat; 
populations of aquatic mosquito larvae pred-
ators would have grown with the availability 
of mosquito larvae as prey ). 

Table 6. Average annual value of ecosystem services associated with one hectare of tidal wetlands (1 hectare = 2.47 acres). Dollar 
values were adjusted for inflation from original data, presented in 1994 dollars (Costanza et al. 1997). This calculation was done 
using the United States Department of Labor Inflation Calculator, which uses the Consumer Price Index to adjust for inflation over 
time (BLS n.d.). Estimates for the average annual value of services associated with tidal wetlands in the project area are calculat-
ed using a total wetland acreage of 24,564, which is the sum of wetland areas of all systems from the 2003 National Wetlands 
Inventory (USFWS 2003). It should be noted that the valuation methods in Contanza et al. 1997 are not universally accepted by all 
economists (see Bockstael et al. 2000). Data: Costanza et al. 1997 Table and caption modified from Gedan et al. 2009
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There’s no evidence to suggest it will be nec-
essary to go to the massive expense of re-dik-
ing and re-draining tidal wetland restoration 
projects to control mosquito populations 
when natural processes/ecosystem functions 
occurring in the wetlands themselves main-
tain acceptable populations at no cost to 
coastal communities. To our knowledge, the 
naturally functioning ~300 acre tidal wetland 
just to the southwest of the Ni-les’tun project 
site (also part of the Bandon Wildlife Refuge), 
which local residents have been living next to 
for many decades, has never been a source of 
mosquito-related controversy. 

Researchers have long recognized the value 
of tidal wetlands. As mentioned, tidal wet-
lands provide many important “ecosystem 
services,” including processing and cycling 
of sediments and nutrients, improving water 
quality, buffering human communities from 
floods and destructive waves, providing criti-
cal rearing habitat for juvenile fish and crabs, 
and facilitating recreational activities like 
hunting, fishing, and wildlife watching (Cornu 
2005d; Gedan et al. 2009; Portnoy and Giblin 
1997). 

In many cases, these ecosystem services have 
direct ties to high-value economic goods. For 
example, experts estimate that over 75% of 
all commercially and recreationally caught 
fish species depend on estuaries and tidal 
wetlands at some point in their life cycles 
(Norse 1993; USEPA 1995; Cornu 2005d). In 
other cases, these services are “non-market” 
goods, and although the economic value of 
these goods are not revealed by a market 

price, it’s widely accepted that they have real 
(and sometimes substantial) economic value 
(Cummings et al. 1986; Mitchell and Carson 
2013; Champ 2003; Costanza 1997)(Table 6). 
For example, tidal marshes promote biodi-
versity (e.g., by providing habitat structure as 
well as distributing nutrients, detritus, seeds, 
and eggs)(Cornu et al. 2005a). Although “bio-
diversity” itself cannot be bought and sold in 
a marketplace, the persistence of a variety of 
plants and animals that support economic ac-
tivity (e.g., hunting, fishing, wildlife watching) 
must have some value, because if they did 
not, “consumers” of these non-market goods 
(e.g., hunters, anglers, and wildlife watchers) 
would have no reason to purchase goods 
and services associated with those activities 
(e.g., fuel, fishing tackle, hunting and wild-
life-watching optics, licensing fees, etc.). 

In recent decades, as the ecological impor-
tance and economic value of wetlands has 
become increasing recognized, public poli-
cies have been put in place to protect these 
resources. The cornerstone of these policies 
is wetland “mitigation,” which requires that 
the loss of a wetland be offset by restoration, 
enhancement, or creation of new wetlands. 
Early indications suggest that, although these 
policies have slowed the pace of wetland loss, 
they have not met their goal of “no net loss” 
(Ambrose 2000). 
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Rare and Endangered Plants 
in the Coos Estuary
Summary: 

• Three plant species in the project 
area are federally or state 
listed as either Threatened or 
Endangered. 

• Two additional listed species 
occur just south of the project 
area; suitable habitat for these 
species occurs within project 
boundaries.

• Habitat loss is the primary 
reason behind population 
declines for most species.

Figure 1. Location of rare and 
endangered plants in and near the 
project area. All locations are general 
sites where populations are known 
to exist. Data: pink sand verbena – 
Giles-Johnson and Kaye 2012; salt 
marsh bird’s beak – Giles-Johnson et 
al. 2013; western lily – USFWS 2009, 
SSNERR 2013

Western Lily

Pink sand 
verbena

Salt Marsh 
Bird’s Beak

Silvery Phacelia
Photo: OR Wild
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What’s happening?

Five rare or endangered plant species are 
known or thought to occur within the project 
area: Pink sand verbena (Abronia umbellata 
breviflora), Salt marsh bird’s beak (Chloropy-
ron maritimum palustre, formerly Cordylan-
thus maritimus palustris), Silvery phacelia 
(Phacelia argentea), western lily (Lilium occi-
dentale), and Wolf’s evening primrose (Oeno-
thera wolfii)(Figure 1, Table 1). This data sum-
mary describes the current status and trends 
of those species in the project area.

Pink sand verbena

Pink sand verbena is listed as Endangered by 
the State of Oregon due to small populations 
facing numerous threats. It is federally listed 
as a Species of Concern (see sidebars). 

Once occurring from British Columbia to 
central California, the range for pink sand 
verbena has shrunk to limited populations 
in southern Oregon and northern California. 
Rittenhouse (1996) described fewer than 
10 populations (groups of reproductive-age 
plants) remaining in Oregon by 1996. Ten 
years following Rittenhouse’s report, 3-5 
“wild” populations remained, varying from 
year to year (wild populations do not include 

Table 1. Summary of rare and endangered species with ranges within the project area. Photos: Oregon Department of Agriculture, 
except western lily (USFWS).
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reintroduced/restored plants/populations)
(Kaye et al. 2006).

Locations within and surrounding the project 
area that now have populations include the 
North Spit, and a population at Bastendorff 
Beach State Park (Figure 1). A third site near 
the mouth of South Slough was surveyed 
in 2010 but no individuals were found 
(Giles-Johnson and Kaye 2012).

The North Spit population was considered ex-
tinct until a successful reintroduction from a 
large wild Port Orford population in 1997. The 
North Spit site now contains the largest popu-
lation of pink sand verbena in the world (Kaye 
et al. 2006). Kaye (2004) described how mul-
tiple sites in Oregon were reintroduced with 
pink sand verbena, but the North Spit was by 
far the most successful because: 1) location 

– the population is behind the foredune and 
thus not exposed to winter storm overwash; 
and 2) annual habitat maintenance – the site 
is in an area occupied by the federally threat-
ened western snowy plover and therefore 
receives annual mechanical treatments to 
remove European beachgrass (Ammophila 
arenaria). This disturbance regime favors 
both plovers and pink sand verbena, both of 
which depend upon sparsely vegetated open 
sand habitats. The North Spit population had 
1700 plants the first year of reintroduction 
and peaked in 2012 with nearly 350,000 
reproductive individuals (Giles-Johnson and 
Kaye 2012).
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Giles-Johnson and Kaye (2012) also describe 
the history of pink sand verbena at the 
Bastendorff site. Despite annual reintroduc-
tions of both seeds and transplants starting 
in 1995, by 2000 no plants were found at the 
Bastendorff site. After seeding again in 2002, 
13 individuals were established that year, 
substantially increasing to 110 individuals the 
following year with no new seeding effort. 
The Bastendorff population peaked in 2005 
with 536 total plants (410 of which were 
reproductive), but drastically declined to 2 
plants in 2010.

Salt marsh bird’s beak 

Listed as a Species of Concern federally and 
as Endangered by the State of Oregon, the 
majority of Oregon occurrences of salt marsh 
bird’s beak occur in the Coos estuary (Ritten-
house 1996). 

Of the multiple populations within the project 
area, the largest populations in 1999 were 
found near Empire (~25,000 plants) and the 
Pony Slough (~10,000 plants)(Rittenhouse 
1999)(Figure 1). The population on United 
States Bureau of Land Management (BLM) 
land at the North Spit in 2001 was estimated 
at 20,000 plants (BLM 2006). Rittenhouse 
(1999) additionally documented a large pop-
ulation (~3,000 individuals) east of the distant 
water fleet docks south of the Charleston 
Bridge (Figure 1). 

The North Spit population was damaged by 
off-road vehicle use, which led BLM to install 
traffic barriers. A report by Giles-Johnson et 
al. (2013) noted that after protection was 
initiated the species recovered substantially, 

peaking at ~670,000 individuals in 2012. Since 
then, the population has begun to slowly 
decline. The absence of disturbance, which 
allows pickleweed (Salicornia depressa) and 
western marsh-rosemary (Limonium californi-
cum) populations to spread, has been poten-
tially inhibiting salt marsh bird’s beak’s repro-
ductive success. It should be noted that other 
salt marsh bird’s beak populations (e.g., in 
South Slough) remain robust in undisturbed 
locations (C. Cornu, pers. comm., 2014).

Across its Oregon range, salt marsh bird’s 
beak averages about 2,000 individuals for 
each of 18 remaining populations (Kaye 1991 
as cited in Giles-Johnson et al. 2013).

Silvery phacelia 

Silvery phacelia is considered a Species of 
Concern federally and is listed as Threatened 
by the State of Oregon. 

No known occurrences of this species occur 
in the project area; however, suitable sandy 
bluff habitat (e.g., in South Slough or the 
North Spit) occurs here (SSNERR 2013). Close-
by populations exist, the nearest being north 
of Bandon at the Oregon Dunes Golf Resort 
(Kalt 2008). This is also the largest population 
with ~3,000 individuals in 2007 (Kalt 2008).

According to Curry (2014), of 36 populations 
documented since 1916, only 22 are pre-
sumed to still exist, all in Oregon. Six new 
populations have been discovered, also in 
Oregon. The remaining populations are small 
(average populations are under 100 plants), 
highly fragmented, and most appear to be 
declining (Kalt 2008). Small fragmented popu-
lations are especially common in areas where 
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European beachgrass dominates (Rittenhouse 
1995 as cited in Curry 2014), suggesting that 
beachgrass adversely affects this species.

Western lily

The western lily is listed as Endangered at 
both the federal and the state level. Except 
where otherwise noted, the following infor-
mation comes from USFWS (2014). 

Since its federal listing in 1994, western lily 
populations have continued to decline in both 
numbers and distribution (USFWS 2009). 
Within and near the project area, many 
known populations have been lost (e.g., some 
populations at Shore Acres and Sunset Bay 
State Park); other populations have grown 
(Hauser Bog) or have remained relatively 
stable (Bastendorff Bog)(Figure 1).

Within the project area, the Hauser Bog pop-
ulation was recently (2014) estimated at 776 
reproductive individuals. This total includes 
individual plants resulting from 498 bulbs 
planted in 2013 by the Oregon Department of 
Agriculture (ODA) to augment the population. 
Ninety percent of the Hauser Bog is located 
on private property, with the remainder on an 
Oregon Department of Transportation (ODOT) 
right-of-way designated as a Special Manage-
ment Area. 

A newly discovered western lily population 
(2013) was documented within the project 
area at Indian Point in South Slough (Figure 
1). A cursory population estimate of repro-
ductive and nonreproductive plants indicated 
that the Indian Point site may contain one of 
the largest populations in Oregon. The popu-
lation resides entirely on state of Oregon land 

(acquired in 2014) which is managed by the 
South Slough Reserve.

Just outside the project boundary, Basten-
dorff Bog (part of Sunset Bay State Park) 
supported 47 reproductive individual western 
lily plants in 2014, and increase from the 10 
plants found in 1994. The increase can be 
partially attributed to habitat maintenance 
including the removal and thinning of en-
croaching vegetation. In addition to the 47 
reproductive plants counted in the natural 
or ‘wild’ population in 2014, over 100 west-
ern lilies of all age classes were observed, 
the result of augmentation with 173 bulbs in 
2013 (Brown et al. 2013). Other historic popu-
lations at Sunset Bay State Park appear to 
have been lost due to competition from Sitka 
spruce and other species (USFWS 2009).

Adjacent to Sunset Bay State Park, Shore 
Acres State Park contains several small, 
declining populations. Although a complete 
survey was not conducted, only 5 reproduc-
tive plants were observed in 2014, down from 
53 in 2002. 

Wolf’s evening primrose

Wolf’s evening primrose is considered a 
federal Species of Concern and is listed as 
Threatened by the State of Oregon. Although 
not known to occur in our project area (the 
nearest population occurs in Port Orford), 
suitable habitat does exist in the project area 
for wolf’s evening primrose. The non-native 
large-flowered evening primrose (Oenothera 
glazioviana), considered a major threat to the 
native species, does occur in the project area 
(DeWoody et al. 2008). See Why is it hap-
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pening? below for more information on this 
threat. 

According to Currin and Meinke (2004), there 
were seven known populations of wolf’s eve-
ning primrose remaining in Oregon in 2004. 
They describe population sizes in Oregon as 
ranging from 40 to several thousand individ-
uals.

Why is it happening?

Pink sand verbena 

As with many rare and endangered species, 
pink sand verbena’s decline can be attributed 
to habitat loss. The biggest factor is dune sta-
bilization and competition for space from the 
non-native European beachgrass; a secondary 
threat is disturbance from off-road vehicles 
(Kaye 2004).

Additionally, bee species native to dune hab-
itats are the primary pollinators of pink sand 
verbena (CPC 2010a). However, populations 
of these solitary bees are negatively correlat-
ed with dune communities dominated by 
European beachgrass (Julian 2012).

Salt marsh bird’s beak 

The primary threats to salt marsh bird’s beak 
are habitat loss due to wetland alterations 
(excavation/filling) and repetitive disturbanc-
es (e.g., foot traffic, off-road vehicles). This 
species is also particularly sensitive to water 
pollution and petroleum spills (BLM 2006).

Silvery phacelia 

The primary threat to silvery phacelia is 
competition from non-native species, espe-

cially European beachgrass and gorse (Ulex 
europaeus)(Kalt 2008). Russo et al. 1988 
attributed the silvery phacelia’s decline to 
changes in the orientation of the Oregon 
coast’s dune field valleys (technically referred 
to as “slacks”) as a result of the establishment 
of European beach grass. Historically, many 
beaches had no foredune running parallel to 
the ocean shore. Instead, dunes and associ-
ated slacks were oriented perpendicular to 
the shore, shifting with seasonal changes in 
prevailing winds. The introduction of Europe-
an beachgrass stabilized the dunes, resulting 
in their current orientation (parallel to the 
beach) and steep foredunes. The stabilized 
foredune greatly reduces sand supply to 
interior moving dunes, limiting their dynamic 
nature. Since the introduction of European 
beachgrass, any species populations adapted 
to the historically dynamic dune habitat, such 
as the silvery phacelia, have declined. 

Other threats to silvery phacelia are habitat 
loss from coastal development and destruc-
tion from off-road vehicles (Curry 2014). 

Western lily

Except where otherwise cited, the following 
information comes from USFWS 2009. 

The decline of western lily populations began 
historically with heavy extraction by the 
horticulture trade, followed by habitat loss 
for development and agriculture, particularly 
the development of cranberry bogs. Conver-
sion of western lily habitat to cranberry bogs 
is believed to have contributed to the loss of 
hundreds of acres of lily habitat in the area 
between Bandon and Port Orford in the past 
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few decades. This is because cranberries and 
western lilies share a proclivity for soils that 
remain saturated and facilitate the seasonal 
pooling of water. These soils (known as the 
Blacklock/Bullards/Bandon Complex) are 
common south of Bandon. 

Western lilies are extremely sensitive to site 
hydrology. The bulbs cannot survive year-
round inundation but are reliant on sufficient 
soil moisture late into the growing season to 
avoid desiccation during the summer months 
(Imper 1997b). For example, at Hauser Bog, 
plants are all within 6” of the same elevation, 
illustrating the close relationship between 
bulb viability and soil moisture. 

Vegetative succession may speed the west-
ern lily’s decline by shading the plants and 
lowering the site’s water table. This has been 
cited as a potential reason for the decline of 
the Bastendorff Bog population, where trees 
are encroaching upon the formerly open 
habitat due to lack of disturbance, most likely 
fire. Historically fires are believed to have 
maintained early seral conditions in western 
lily habitat. 

Deer grazing seriously reduces reproductive 
success by consumption of fruit and flowers. 
The Hauser and Bastendorff populations have 
exhibited high loss due to deer herbivory. 
Light cattle grazing, however, appears to have 
little impact. Lilies tolerate trampling to some 
degree and may actually benefit by having 
their seeds pressed into the ground. Cattle 
also keep surrounding vegetation controlled, 
and their manure increases soil fertility. 

Populations under 5,000 individual plants 
are additionally threatened by loss of genetic 

diversity. This limits long-term adaptability 
to stressors, including disease or the local 
effects of climate change (e.g., changes in air 
temperature and hydrology). Furthermore, 
populations with less than 500 individuals 
may suffer from the deleterious effects of in-
breeding. Most of the populations in Oregon 
number less than 500 individuals. 

Wolf’s evening primrose

According to the Center for Plant Conser-
vation (CPC 2010b), a unique threat to this 
species is genetic dilution due to hybridiza-
tion with a non-native ornamental plant of 
the same genus, the large-flowered evening 
primrose. Wolf’s evening primrose cannot 
accept pollen directly from the large-flowered 
evening primrose, but can accept pollen from 
hybrid offspring produced by a crossing of 
large-flowered evening primrose with pollen 
from wolf’s evening primrose (Imper 1997a). 
This pollen issue could eventually lead to ge-
netic extinction for Wolf’s evening primrose. 
Hybrids are more ‘fit’ than parents of either 
species, allowing them to reproduce and ex-
pand their range more rapidly (Imper 1997a). 
Loss of habitat in a limited range (primarily 
to the invasive European beachgrass) and de-
struction from herbicides (many populations 
are along Highway 101) are secondary threats 
to this species (Currin and Meinke 2004).

Background

Pink sand verbena 

According to Kaye (2004), pink sand verbena 
lives at or below the driftwood line on coastal 
beaches. Wave overwash from winter storms 
obliterates adult plants each year requiring 
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the population to re-establish itself each 
spring from seed. Because of this, popula-
tion sizes and locations fluctuate widely year 
to year. Winter storms are highly beneficial 
to this species as they deposit new sand 
substrate and carry seeds along shorelines. 
Storms also remove competitor plants, help-
ing long-term survival of the population.

Salt marsh bird’s beak 

Salt marsh bird’s beak ranges from Mor-
ro Bay, California to Netarts Bay, Oregon 
(Giles-Johnson et al. 2011). According to 
Chuang and Heckard (1971) this annual plant 
is a hemi-parasite (i.e., it derives much of 
its nutrients from other plants), though it 
does not appear to have a preferred host 
species. Consequently, habitat quality is 
likely a more important factor to bird’s beak 
populations than specific host species pres-
ence (Giles-Johnson et al. 2011). Preferred 
habitat for this species is upper elevation salt 
marshes (~7.5-8.5’ above MLLW) with mod-
erate vegetation cover, which allows light to 
penetrate to the soil (Kaye 1991 and USFWS 
1984, as cited in Rittenhouse 1999). Ritten-
house (1999) notes that annual fluctuations 
in population sizes are highly variable, which 
is typical of an annual species.

Silvery phacelia

Ranging from Coos County, Oregon to Del 
Norte County, California, silvery phacelia is 
a perennial evergreen trailing herb in the 
forget-me-not family that grows on unstabi-
lized or partially stabilized coastal sand dunes 
at elevations below 65 feet (CPC 2010c). CPC 

(2010c) notes that bees are the primary pol-
linators of this species, especially the native 
leafcutter bee (Anthidium palliventre).

Western lily

Ranging from Coos Bay, Oregon to Eureka, 
California, all known populations of this 
species occur within 6 km (3.7 miles) of 
the coast. According to USFWS (2009), the 
western lily is a perennial species that dies 
back each winter. These plants require either 
impermeable mineral soils or organic marsh 
soils, both of which keep the bulb moist late 
in the dry season. Reproductive individuals 
require open, unshaded habitats. Bright red 
flowers are hermaphroditic (male and fe-
male), and are primarily pollinated by hum-
mingbirds.

Wolf’s evening primrose

According to CPC (2010b), wolf’s evening 
primrose is a biennial species (i.e., dies after 
two years) producing small yellow flowers 
its second year. Imper (1997a) described the 
habitat preference for this species. He found 
they only occur in coastal areas and prefer 
moist but well-draining sandy soil habitat 
along coastal bluffs or beaches, sheltered 
from northwest winds. He added that al-
though it prefers moderately disturbed sites, 
it does not compete well with other plants. 
It can tolerate high salt concentrations in the 
soil, although hybridized versions are not as 
tolerant of salt. This species thrives with some 
disturbance. In fact, the Port Orford popula-
tion is located on a beach where dumping of 
dredge spoils provides periodic disturbances 
and keeps European beachgrass in check 
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(Currin and Meinke 2004). Surprisingly, this 
population is doing well enough that it is the 
seed source for experimental reintroductions 
at other locations (Currin and Meinke 2004).
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Seagrasses and Algae in the 
Lower Coos Watershed 
Summary: 

 � The Coos estuary supports 
expansive eelgrass meadows but 
little quantitative eelgrass data are 
available.

 � In South Slough, where quantitative 
data are available, eelgrass 
meadows appear to be stable and 
may be getting denser.

 � Algae represent a substantial 
proportion of the biomass found in 
intertidal mud and sand flats. 

 � The historic abundance of algae in 
the Coos estuary suggests they’re 
established constituents of the tidal 
flat community, not opportunistic 
species responding to excessive 
nutrient levels. 

Copper 
rockfish 
swims 
among 
eelgrass 
blades. 
Photo: 
Sharon 
Jeffery

Expansive eelgrass meadow. 
Photo: vims.edu

Figure 1. . Distribution of seagrass beds (green) and loca-
tion of deep water in the shipping channel (tan). Dense 
beds (> 50% ground cover from seagrasses) are shown in 
light green. Seagrass data generated from aerial photos 
taken in 2005. Data: Clinton et al. 2007, NGDC 2014 

Subsystems: SS= South 
Slough, LB= Lower Bay, PS= 
Pony Slough, IS= Isthmus 
Slough, UB= Upper Bay, HI= 
Haynes Inlet 
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What’s happening?

Seagrasses (Zostera spp.)
Two seagrass species are found in the Coos 
estuary: common eelgrass (Zostera marina)
and dwarf eelgrass (Zostera japonica). Eel-
grass meadows are found throughout the 
Coos estuary in intertidal and shallow subtidal 
waters, with the most dense seagrass beds 
occurring near the mouth of the estuary in 
the Lower Bay and South Slough Subsystems 
(Figure 1). 

In a 2009 assessment, the United States Envi-
ronmental Protection Agency (USEPA) charac-
terized the seagrass populations of seven Or-
egon coast estuaries (Lee II and Brown 2009). 
Their findings suggest that the native eelgrass 
(Zostera marina) is more abundant in “mod-
erate to large tide-dominated estuaries” (e.g., 
Coos, Yaquina, and Tillamook)(Table 1). Their 
conclusions are corroborated by research 
in Washington, which found that estuaries 
with these same characteristics (e.g., Willapa 
and Grays Harbor) had proportionally large 
areas of suitable eelgrass habitat (Wyllie-Ech-
everria and Ackerman 2003). In contrast, an 

estuary’s tidal regime does not appear to be 
closely correlated to the distribution of the 
non-native dwarf eelgrass in Oregon (Lee II 
and Brown 2009)(Table 1). For more informa-
tion about Z. japonica, refer to Chapter 18: 
Non-Indigenous/Invasive Species.

South Slough National Estuarine Research 
Reserve (SSNERR) staff have been monitoring 
common eelgrass meadows near Valino Island 
since 2004 as part of the SeagrassNet global 
monitoring effort (SSNERR 2015)(Figure 2). 

Table 1. Seagrass abundance 
in seven Oregon estuaries. 
Sampling occurred between 
2004-2006, with Coos estuary 
sampling occurring exclusively 
in 2005. Sample size is roughly 
100 for all estuaries, with the 
most extensive sampling occur-
ring in Alsea (109 sites) and the 
least sampling in Tillamook (97 
sites). A total of 101 sites were 
sampled in the Coos estuary. 
Data: Lee II and Brown 2009 

Figure 2. Scientist using a quadrat and meter stick to estimate 
percent cover, density, and canopy height of a Coos estuary 
eelgrass meadow. 
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Figure 3. SeagrassNet data from South Slough describing percent cover of eelgrass (red) as well as density (blue) and canopy 
height (green) of eelgrass meadow at the Valino Island SeagrassNet site. Data show a seasonal trend of decreased growth in 
the winter months, a signal that is particularly clear in percent cover. Regression analysis indicates a highly significant (p < 0.01) 
increase in density over time, with the average annual increase in density being approximately 1.6 shoots per square meter. Data: 
SSNERR 2015 

Seaweeds and Other Algae

In 2007, the Western Ecology Division of USE-
PA published a report detailing the intertidal 
vegetation communities in North American 
west coast estuaries (Nelson et al. 2007). 
They collected data from 217 sites in Ore-
gon, Washington, and California, with almost 
half of their observations in Oregon (65 sites 
statewide) coming from the Coos estuary (30 
sites locally). Their results suggest that algae 
represent a significant percentage of vegeta-
tive cover in Oregon estuaries (Figure 4). 

The intertidal sandflats and mudflats of the 
lower Coos estuary host a variety of ben-
thic algae that accumulate to form mats in 
mid-to-high intertidal habitats (Rumrill 2006)
(Figure 5). The seasonal production of green 
algae appears to vary substantially from year 
to year (Hodder 1986). However, green algae, 

Monitoring results so far suggest that the 
spatial cover and stem density of the Valino 
Island eelgrass meadows change seasonal-
ly: spatial cover and density both decrease 
during winter months, when daylight hours 
are fewer and plants senesce (Rumrill and 
Sowers 2008). 

Spatial cover of the Valino Island eelgrass 
meadows appears to be stable, displaying a 
statistically significant (p< 0.01) trend of in-
creasing density (shoots per m2) over the past 
10 years (Figure 3)(SSNERR 2015). Eelgrass 
percent cover and canopy height, however, 
do not appear to have changed significantly 
since 2004 (p = 0.56 for percent cover change; 
p=0.94 for canopy height),
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including sea lettuce (Ulva spp.) and green 
string lettuce (Entermorpha spp.), consistently 
contribute a substantial amount of biomass 
of the tideflat community during summer 
months (Figures 6 and 7). 

Historically, green algae have been abundant 
on the Coos estuary’s tidal flats (Sandborn 
and Dotty 1944, Pregnall 1983, Hodder 1986). 
Its continued presence suggests that it is an 
established and persistent member of the 
local intertidal community rather than an op-
portunitistic species that may be indicative of 
excess nutrients or pollution (Rumrill 2006). 

Why is it happening? 

Seasonal growth patterns in intertidal and 
shallow subtidal vegetation reflect the rhythm 
of naturally occurring changes in the Coos 

Figure 4. Mean relative abundance of vegetation groups and 
bare area in Western Ecology Division vegetation quadrats. 
Figure and caption: Nelson et al. 2007 

Figure 7. Sea lettuce (Ulva spp.) and other green algae 
dominate the intertidal flats during the summer months. This 
seasonal phenomenon is apparent in the photo above of a 
volunteer helping to conduct early summertime fieldwork in 
South Slough.

Figure 5. Annual pattern of green algal mat standing crop with-
in the South Slough Subsystem. The uppermost line indicates 
mean value for the entire site, and the inner delineations 
represent relative contributions from five tidal elevations (+4, 
+3, +2, +1 ft. above MLLW) Figure and caption: Rumrill 2008 
adapted from Pregnall 1983. 

Figure 6. Changes in species composition of green algal mats 
sampled in the South Slough Subsystem during the growing 
season of 1982. Figure and caption: Rumrill 2008 adapted from 
Pregnall 1983. 
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estuary. In the summer (April-September), 
increased photoperiod, warming of intertidal 
flats, and an influx of nutrients from coastal 
upwelling work together to stimulate plant 
growth (Pregnall 1983, Hodder 1986, Rumrill 
2006). In the winter, reduced photoperiod, 
colder temperatures, and substantial varia-
tion in salinity due to seasonal precipitation 
limit seagrass production and distribution 
(Lee II and Brown 2009). In general, the 
spatial cover and density of eelgrass mead-
ows can vary substantially over time; this 
growth change is determined by natural (e.g., 
waves and current) and human-induced (e.g., 
increased nutrient levels and decreased water 
clarity) factors (Cornu et al. 2012, Hodder 
1986). 

The physical characteristics of an estuary are 
another important determinant of eelgrass 
growth. Lee II and Brown (2009) explain that 
the wide expanses of marine-dominated tide 
flats provide ample opportunity for eelgrass 
recruitment in estuaries with strong tidal 
influences such as the Coos estuary. However, 
modifications to the physical characteristics 
of intertidal habitat may affect the ability of 
eelgrass meadows to persist over time. For 
example, oyster culture in the Coos estuary is 
associated with significant decreases in eel-
grass abundance in the area immediately sur-
rounding the operation (Everett et al. 1995, 
Pregnall 1993). Similarly, in Florida freshwater 
diversions into estuaries appear to decrease 
seagrass productivity (Estevez 2000). 

The persistence of eelgrass meadows is also 
vulnerable to naturally-occurring changes to 

intertidal flats (e.g., channel migration)(Cornu 
et al. 2012).

The effects of summertime algae blooms 
(e.g., Ulva spp.) on eelgrass are a matter of 
some debate. Although some research sug-
gests that sufficiently large algal mats in more 
freshwater habitats can have potentially toxic 
effects on seagrasses (Krause-Jensen et al. 
1996, Hauxwell et al. 1998, Hessing-Lewis et 
al. 2011), it appears that these same interac-
tions may result in neutral or even positive 
consequences in marine-dominated habitats 
(Hessing-Lewis et al. 2011). For example, 
because algal mats provide cover and retain 
moisture during periods of low tide exposure, 
algae have been shown to alleviate tempera-
ture stress in eelgrass, preventing plants from 
drying out (Boese et al. 2005). 

Background 

Eelgrass

Eelgrass is a marine “angiosperm” (i.e., 
flowering plant) that produces seeds in the 
summer months and new roots and rhizomes 
in the winter (Rumrill 2008). It differs from 
other aquatic plants because of its preference 
for submerged habitats, its ability to repro-
duce underwater, and its high salt tolerance 
(Cornu et al. 2012). Optimal eelgrass growth 
occurs in high salinity environments (i.e., 
10-30), with seed germination occurring 
most frequently in brackish water (i.e., 5-10)
(Phillips 1972, Phillips et al. 1983). Although it 
can tolerate periodic immersion in freshwater, 
it cannot persist in freshwater environments 
(Rumrill 2006).
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Although eelgrass only grows sporadically 
in patches of 1-3m2 in the brackish areas of 
the upper Coos estuary, it forms expansive 
meadows in the marine-dominated portions 
of the estuary. These meadows are important 
intertidal habitats that contribute organic 
matter to the estuarine food web (Rumrill 
2006). They also serve many important eco-
logical functions such as sediment stabiliza-
tion, nutrient processing, trapping of detritus, 
and provision of important habitat for many 
species of estuarine animals (especially for 
juvenile finfish and shellfish) that are com-
mercially, recreationally and ecologically valu-
able (Cornu et al. 2012, Phillips 1984, Rumrill 
2006)(Figure 8). Due to the vital niche that 
eelgrass meadows fill in estuarine systems, 
the health of these communities is widely 
considered to be indicative the overall health 
of an estuary (Bricker et al. 1999, Cornu et al. 
2012, Dennison et al. 1993). 

Unfortunately, seagrasses are in decline in 
estuaries and coastal areas all over the world 
due to both human-induced and natural 
disturbances, including the following: coast-
al uplifting, coastal erosion, winter storms 
and hurricanes, grazing, naturally occurring 
sediment disturbances, disease, sediment 
and nutrient loading from human activi-
ty, mechanical damage from dredging and 
filling, aquaculture practices, commercial fish 
trawling and dragging, and contaminated 
sediments and water from heavy metals and/
or other toxic compounds (Cornu et al. 2012, 
Short and Wyllie-Echeverria 1996). 

In a review of over 200 seagrass studies, 
Waycott et al. (2009) found that the decline 
of seagrasses has been documented as early 
as 1879. They estimate that nearly a third of 
all seagrass meadows across the globe have 
been lost, with rates of decline accelerating 
markedly since 1990. They add that seagrass 
meadows are among the most threated eco-

Figure 8. Eelgrass meadows 
form canopies that provide 
habitat complexity for many 
estuarine animals. A sockeye 
salmon uses eelgrass as cover 
in a nearshore habitat in British 
Colombia’s Flora Bank. Photo: 
indiegogo.com 
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systems on earth. The alarming rate of their 
global decline is comparable to some of the 
most extensive habitat losses worldwide (e.g., 
mangroves, coral reefs, and tropical rainfor-
ests). 

Seaweeds and Algae

The seaweeds and algae found along the 
Pacific coast are commonly divided into three 
groups: red, green, and brown algae (Dreuhl 
2000)(Figure 9). Although algae share many 
of the basic characteristics of plants (e.g., 
photosynthesis, cell walls that provide rigidity, 
and generally not overtly sensitive to external 
stimuli), they lack some of the more advanced 

features (e.g., flowers, cones or enclosed 
reproductive systems, extraction of nutrients 
through roots, and protective bark or waxy 
coverings)(Dreuhl 2000). 

Algae constitute a major portion of primary 
production and an important food source for 
filter-feeders and deposit-feeders on the tide-
flats of Pacific Northwest estuaries (Simens-
tad 1983). In addition to their importance to 
intertidal benthic communities, estuarine al-
gae have been shown to provide nursery hab-
itat for organisms that use the lower estuary 
during only a portion of their life cycle (e.g., 
salmon and other fishes)(Aitkin 1998, Nordby 
1982, Emmett et al. 1991, Dreuhl 2000). Dead 

Figure 9. The term “seaweed” is a colloquialism describing a diverse assem-
blage of algae species with unique taxonomies (Druehl 2000). Algae are 
commonly classified into three broad phyla, which are often referred to by the 
color of their pigments (red, green, and brown). Three algae from each group 
commonly found on the Oregon coast are pictured above.  

Photos: 
A) Turkish Washcloth (Chondracanthus spp.), Phylum: Rhodophyta (red algae) 
photo credit: buzzmarinelife.blogspot.com

B) Sugar Kelp (Laminaria saccharina.), Phylum: Phaeophyta (brown algae) 
photo credit: pendiva.com

C)  Sea Lettuce(Ulva spp.), Phylum: Chlorophyta (green algae)
photo credit: U. Elaya Perumal
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algae adrift in the open ocean are known to 
be food sources for marine organisms, and, 
as a consequence, the production of algae 
in estuaries affects the function of marine 
ecosystems (Valtysson n.d.). In addition to 
serving an important ecological function, al-
gae are used as food for human consumption, 
industrial chemicals, fertilizers, livestock feed 
supplements, and in pharmaceuticals (Dreuhl 
2000).
 
Similar to eelgrass, algae are considered “bio-
indicators,” because algal blooms can indicate 
“eutrophication” in estuaries, a condition 
caused by excessive nutrients that may result 
in decreased light availability, low oxygen in 
estuarine waters and sediments, and reduced 
growth of submerged aquatic vegetation such 
as eelgrass (Lee II and Brown 2009, Rumrill 
2006, Cornu et al. 2012). The presence of al-
gae alone, however, is not necessarily indica-
tive of eutrophication. Rumrill (2006) explains 
that the chronic summertime persistence of 
green algae in the Coos estuary suggests that 
these species are simply established mem-
bers of a healthy and functioning tidal flat 
community. 
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Chapter 13: Fish in the Lower 
Coos Watershed
Salmonids:  The status of Chinook salmon 
and cutthroat trout populations is generally 
good; the status of Coho salmon and 
steelhead trout populations is variable, 
depending on stream system.
Lamprey:  More data are needed to 
understand the status and distribution of 
the two lamprey species native to the Coos 
watershed, which appear to be declining in 
abundance in Oregon. 
Sturgeon: Little is known about the status of 
the two sturgeon species found in the Coos 
system.  
Other Fish: The Coos estuary supports more 
than 70 fish species but more information is 
needed to understand their populations and 
life histories. 

Subsystems:    CR- Coos River   CS- Catching Slough   
HI- Haynes Inlet   IS- Isthmus Slough   LB- Lower Bay   
NS- North Slough   PS- Pony Slough   SS- South Slough   
UB- Upper Bay
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Chapter 13:  Fish in the 
Lower Coos Watershed

This section includes the following 
data summaries: Salmonids, Lam-
prey, Sturgeon, and Other 
Fishes— which describe the status 
and trends (where the data allow) 
of fish in the Coos estuary and 
major freshwater tributaries in the 
lower Coos watershed.

Salmonids:  Data detailing the status of sal-
monid species in the Coos watershed were 
provided by the Oregon Plan for Salmon and 
Watersheds (Oregon Plan), which includes 
four Oregon Department of Fish and Wildlife 
(ODFW) fish monitoring projects: 1) Western 
Oregon Rearing Project (juveniles); 2) Aquatic 
Inventories Project (habitat); 3) Oregon Adult 
Salmonid Inventory and Sampling project 
(OASIS)(adults); and 4) Salmonid Life-Cycle 
Monitoring Project (survival)(ODFW 2013b). 
Oregon Plan data were supplemented by 
ODFW spawning survey data and the Oregon 
Native Fish Status Report (ODFW 2002, 2003, 
2004, 2005c, 2005d, 2006, 2007, 2008, 2009, 
2010, 2011, 2012, & 2013d).
The data presented in this chapter cover 
fish abundance and distribution at both the 
watershed and subsystem scales. At the 
watershed scale, the OASIS project provided 
abundance and distribution data for both 
adult Coho salmon and adult winter steel-
head trout (ODFW 2013e; ODFW 2013f; 
Suring and Lewis 2008; Suring et al. 2008; 

Brown and Lewis 2009 & 2010; Brown et al. 
2011, & 2012; Jacobsen et al. 2013). OASIS 
data were collected at 24 Oregon coast sites 
for Coho salmon and 13 sites for steelhead. 
The most recent OASIS data are from 2012, 
but the project also provides historic data 
for both Coho salmon and steelhead trout, 
dating back to 1990 and 2003 respectively. 
Adult Chinook abundance data were provid-
ed by ODFW spawning survey summaries, 
with the most recent data coming from 2013 
(ODFW 2002, 2003, 2004, 2005d, 2006, 2007, 
2008, 2009, 2010, 2011, 2012, & 2013d). An 
unpublished manuscript of ODFW’s 2014 
Coastal Multi-Species Conservation Manage-
ment Plan was also referenced (ODFW 2014). 
Historic adult Chinook data (1974-2002) came 
from the 2005 Oregon Native Fish Status 
Report (ODFW 2005c).
At the subsystem-level, the most robust data 
are available from the Coos River and Haynes 
Inlet subsystems. In these basins, Coos 
Watershed Association (CoosWA) spawning 
surveys provided recent data (up to 2011) for 
Coho salmon (CoosWA 2011). Data for the 
South Slough subsystem are available from 
the Life Cycle Monitoring Program (Suring 
et al. 2012). These data were collected most 
recently in 2012. 

Lamprey:  The Lamprey data summary is 
based largely on incidental catch records from 
ODFW’s Coho life-cycle monitoring project 
which reports, but does not analyze, lamprey 
counts (Suring et al. 2012). Likewise, unpub-
lished raw lamprey data from CoosWA’s Coho 
life-cycle monitoring project were used in the 
summary (CoosWA 2012). Counts of lamprey 
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stream bed gravel nests, called “redds”, were 
also obtained from several reports (e.g., 
Kostow 2002). However, the redds data are a 
less accurate estimate of lamprey abundance 
because they are difficult to distinguish from 
steelhead redds (Kavanagh et al. 2005, Gunck-
el et al. 2006). 

Sturgeon: Information about the status of 
sturgeon in the Coos system was primarily 
provided by ODFW’s Coos River Bain Fish 
Management Plan (Wagoner et al. 1990). 
Additional information is available in reports 
by Monaco and Emmett 1990; ODFW 2005a; 
ODFW 2005b; ORBIC 2013; ODFW 2013c and 
in unpublished data (ODFW 2013a).

Other Fish:  Most of the information for the 
“Other Fish” data summary is from agency 
reports (e.g., Monaco and Emmett 1990), 
and was supplemented by theses (e.g. Kruse 
1984) and peer-reviewed articles (e.g., Miller 
and Shanks 2004). While many of these data 
sources provided historic information, recent 
unpublished species distribution data were 
obtained from ODFW (ODFW 2013a) and the 
Oregon Institute of Marine Biology (OIMB 
2013).

Data Gaps and Limitations
Salmonids:  There are several imitations to 
the data describing the status of salmonids. 
For example, the location of annual spawning 
surveys conducted by ODFW and CoosWA 
varies from year to year, because these 
organizations have limited resources which 
preclude surveying every stream reach every 
year. These changes in survey location create 

gaps in the yearly fish data for some sites. 

The use of multiple metrics to estimate 
salmonid abundance is another limitation. 
Among the estimation methods are: mark-re-
capture surveys, area-under-the-curve (AUC) 
modeling, redd counts, and density based 
on fish observed per mile of river at peak 
count. Time series comparisons are possible 
when the data are sufficiently robust and 
survey/modeling methods are consistent 
between years. Comparisons of data collect-
ed by different organizations are possible if 
surveying methods have been standardized. 
In addition, comparisons based on different 
abundance metrics have been made with 
caution, to avoid misleading or inaccurate in-
terpretations. Some metrics can be converted 
to facilitate comparison. For example, peak 
count data (number of fish observed) can be 
converted to density data (fish per mile) by 
dividing the count at a site by the length of 
the associated survey section. When conver-
sion is not possible, separate presentations of 
the data were warranted. 

Aggregation of salmonid data also prohibits 
certain analyses. For example, the Coos River 
was grouped with the Tenmile, Coquille, 
Floras, and Sixes Rivers for a regional abun-
dance estimate in ODFW’s 2013 OASIS Winter 
Steelhead Assessment Report (Jacobsen et 
al. 2013). Although regional aggregations are 
useful for statewide comparisons they may 
overestimate salmonid abundance in the 
Coos watershed alone. 



13-4 Fish in the Lower Coos Watershed

Lamprey: There are no historic or current 
abundance estimates to determine status or 
trends for either lamprey species in the state 
of Oregon. Distribution information is also 
lacking for both lamprey species due to the 
difficulty in identifying ammocoetes (juve-
niles) by species (ODFW 2005c). Moreover, 
there is little life history information for either 
species in the Coos estuary. Detailed life his-
tory information for western brook lamprey is 
especially limited (ODFW 2005c). 

Sturgeon:  Information about abundance, 
distribution, and life histories of both white 
and green sturgeon in the Coos watershed is 
sparse. Neither past nor present abundance 
data for coastal white sturgeon exist. (ODFW 
2005b). Similarly, very little is known about 
the status of green sturgeon populations, and 
the available abundance data are inconclusive 
(ODFW 2005a). More research is needed to 
alleviate these gaps (Wagoner et al. 1990).

Other Fish:  Large data gaps exist for evaluat-
ing status and trends of “Other Fish” popula-
tions. The most complete assessment of life 
history data comes from a report by Monaco 
and Emmett (1990) describing annual distri-
bution and abundance changes by age classes 
for 36 fish species in 32 West Coast estuaries. 
The distribution of each species in a particular 
estuary is based on salinity zones. However, a 
major limitation of this report is that the qual-
ity and quantity of data vary by species with 
some data derived from considerable field 
sampling and some based on best profession-
al judgment. This report is also over 20 years 
old. 

 Another report from that time period is the 
Coos River Basin Fish Management Plan by 
Wagoner et al. (1990). Although this report 
focused on the Coos system, it primarily high-
lighted the lack of sampling data for non-sal-
monid populations. The objectives of the 
report were to prioritize the issues affecting 
the Coos system and to assess funding for fish 
research and monitoring. For example, one 
of the highest priorities was collecting base-
line information on endemic Millicoma dace 
(Rhinichthys cataractae ssp.), but research 
and monitoring funds were lacking.
Our summary of Other Fish was mostly 
developed from raw data in two research 
projects– one by the Oregon Institute of 
Marine Biology (OIMB 2013), and a long term 
monitoring project by the Oregon Depart-
ment of Fish and Wildlife (ODFW 2013a). The 
OIMB dataset was limited in scope (i.e., data 
only from summer 2013) but included accu-
rate fish identifications. Although the ODFW 
dataset is from an on-going project and 
includes extensive data dating back to 1965, 
the project goals and sampling methods have 
shifted over time, thereby limiting its utility 
for quantifying fish populations. Some of the 
inconsistencies include: relocated sampling 
stations, varying confidence in fish identifica-
tion between surveyors, estimates in popu-
lation numbers, and differing seining dates 
between years. 
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Effects of Climate Change on 
Local Marine, Estuarine, 
and Riverine Fishes 
Several climate-related changes have the potential to affect critical fish 
habitat as well as abundance and distribution of fish on the Oregon coast.

 § Changes to marine habitats may 
reduce biodiversity and alter the 
distribution of fishes.   

 § Degradation and loss of estuarine 
habitats may jeopardize the 
reproductive success of local fish. 

 § Alterations to stream hydrology 
may result in critical habitat loss 
for cold water species. 

Salmon 
spawning 
habitat 
Photo: 
Umpqua 
Watersheds

Pacific storm  
Photo: Partnership for Coastal Watersheds

Climate-related changes such as sea level 
rise (SLR), ocean acidification, and increasing 
ocean temperature are expected to affect ma-
rine and estuarine fish habitats. Other chang-
es, such as altered precipitation patterns and 
increased frequency and severity of flood and 
drought, are expected to affect freshwater 
fish habitats. Fish that inhabit a variety of 
environments at different life stages, such as 
anadromous (migratory spawning) salmonids, 
are likely to be affected by all climate-related 
changes that affect both marine and estua-
rine habitats as well as freshwater habitats.   

Sea Level Rise (SLR)

Many fish species use estuarine and near-
shore ocean habitats at various parts of their 
life stages. Pacific herring (Clupea pallasii), 
require eelgrass beds, rocky shorelines or 
other substrates on which to attach their eggs 
during breeding season (Monaco and Emmett 
1990). Many foraging fish species vital to the 
marine food web, such as surf smelt (Hy-
pomesus pretiosus) and sand lance (Ammo-
dytes hexapterus), use estuaries as breeding 
areas (Glick et al. 2007). Estuaries are vital 
to anadromous species by providing rearing 
habitats, the availability and quality of which 
affects ocean survival (Miller and Simenstad 
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Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, according to the National Re-

search Council (NRC), predicted SLR rates 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site 

to the Coos estuary), are reported as high 

as +23 cm (9 inches) by 2030; +48 cm (19 

inches) by 2050; and +143 cm (56 inches) 

by 2100.

Sources: NOAA Tides and Currents 2013, 

NRC 2012

1997). 
The availability of high quality estuarine 
habitats may be threatened by SLR. Scientists 
have not yet determined whether sand flat 
and mudflat elevations relative to tidal levels 
will be able to keep pace with SLR. In other 
words, sedimentation rates may adjust with 
sea level rise so sand and mud flats remain 
about the same elevation relative to tidal 
levels as they are now, resulting in very little 
change in fish habitat availability. However, it 
is unlikely that coastal communities will allow 
intertidal habitats to migrate inland where 
high value real estate exists (Glick et al. 2007; 
Yamanaka et al. 2013). As SLR threatens rocky, 
intertidal habitats, the availability of hard 

substrate for egg deposition may decline.
Species diversity and distribution may be 
affected by SLR in instances where salt water 
encroaches on brackish and freshwater habi-
tats. Glick et al. 2007 note that since aquatic 
animals have specific salinity tolerances, 
SLR-driven salinity changes will be beneficial 
for some species and unfavorable for others. 
They also suggest SLR may still affect fishes 
less sensitive to these changes because their 
food sources may be affected by changing 
salinity regimes even if they are not.

Ocean Acidification (OA)

Few studies have been conducted investi-
gating the effect of OA on fish in temperate 
marine ecosystems (Ishimatsu et al. 2004). 
However, a growing body of research sug-
gests that OA causes a wide range of deleteri-
ous physiological responses in marine fishes. 
Ishimatsu et al. (2004) explain that elevated 
levels of ambient CO2 are associated with 
a condition in fish known as “hypercapnia,” 
which causes disturbances that limit the 
function of the respiratory, circulatory, and 
nervous systems in fish. They suggest that the 
long-term effects of hypercapnia may inhibit 
important life functions by reducing growth, 
reproduction, and calcification. 

Scientists who are studying tropical ecosys-
tems report that OA may have significant 
effects on tropical fish. Dixson et al. (2010), 
Devine et al. (2012) and Munday et al. (2009) 
found significant effects of OA on the devel-
opment of sensory mechanisms in tropical 
fish, and report that exposure to acidified 
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Ocean Acidification 
Since the late 18th century, the average 

open ocean surface pH levels worldwide 

have decreased by about 0.1 pH units, a 

decrease of pH from about 8.2 before the 

industrial revolution to about 8.1 today. 

A 0.1 change in pH is significant since it 

represents about a 30 percent increase in 

ocean acidity (the pH scale is logarithmic, 

meaning that for every one point change 

in pH, the actual concentration changes 

by a factor of ten). Scientists estimate 

that by 2100 ocean waters could be near-

ly 150% more acidic than they are now, 

resulting in ocean acidity not experienced 

on earth in 20 million years. The best 

Pacific Northwest ocean acidification data 

we have so far are from the Puget Sound 

area, where pH has decreased about as 

much as the worldwide average (a de-

crease ranging from 0.05 to 0.15 units). 

Sources: Feely et al. 2010, NOAA PMEL 

Carbon Program 2013

seawater may impair the ability of these fish 
to recognize olfactory clues necessary for 
predator avoidance in tropical reefs. 

Studies have shown that the effects of expo-
sure to elevated CO2 levels are greatest in fish 
eggs, larvae, and juveniles, suggesting that 
fish in early developmental stages may be 
the most vulnerable to the impacts of ocean 
acidification (Kikkawa et al. 2003; Ishimatsu 
et al. 2004). 

Other studies suggest that OA may change 
important fish habitats. Palacios and Zimmer-
man (2007) found that higher CO2 concen-
trations are positively correlated with repro-
ductive output, below-ground biomass, and 
vegetative proliferation in eelgrass (Zostera 
marina). However, they note that this re-
sponse is not necessarily beneficial to fish 
that are associated with eelgrass meadows, 
because other characteristics of CO2-rich 
environments (e.g., prolific algae growth 
and diminished water quality) are likely to 
overwhelm the positive effects of increased 
eelgrass productivity.

Although the precise effect of acidification on 
local fish populations is uncertain, it’s likely 
that ocean acidification would reduce ma-
rine biodiversity through the loss of pH- and 
CO2-sensitive species and the likely reduc-
tion of habitat complexity (Widdicombe and 
Spicer 2008).  
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Increasing Ocean Temperatures

Worldwide, ocean temperatures rose at 

an average rate of 0.07° C (0.13° F) per 

decade between 1901 and 2012. Since 

1880, when reliable ocean temperature 

observations first began, there have been 

no periods with higher ocean tempera-

tures than those during the period from 

1982 – 2012. The periods between 1910 

and 1940 (after a cooling period be-

tween 1880 and 1910), and 1970 and the 

present are the times within which ocean 

temperatures have mainly increased.

Describing how the worldwide trend 

translates to trends off the Oregon coast 

is a complicated matter. Sea surface 

temperatures are highly variable due to 

coastal upwelling processes and other 

climatic events that occur in irregular 

cycles (e.g., El Niño events). We do have 

27 years (1967-1994) of water tempera-

ture data collected from near the mouth 

of the Coos estuary that indicate through 

preliminary analyses a very weak trend 

towards warming water temperatures. 

Fifteen years (1995-2010) of data from 

multiple stations further up the South 

Slough estuary show very little water 

temperature change. 

Sources: USEPA 2013, SSNERR 2013, Cor-

nu et al. 2012

Increasing Ocean Temperature 

Increasing ocean temperatures may affect 
the distribution of marine and estuarine fish, 
with warmer temperatures creating more 
favorable habitats closer to the poles and 
nearer to the bottom of the ocean (Perry et 
al. 2005). Radovich (1961) has document-
ed this phenomenon on the Pacific coast of 
North America by correlating unusually warm 
sea-surface temperatures with an increased 
number of anomalous fish landings between 
1957 and 1959. He cites several instances of 
warm-water species being caught north of 
their expected ranges including the follow-
ing: Pacific bonito (Sarda chiliensis) in Eureka, 
California, skipjack tuna (Katsuwonus pelamis) 
off Cape Blanco in Oregon, swordfish (Xiphias 
gladius) in Monterey Bay, and dolphinfishes 
(Coryphaena spp.) as far north as Grays Har-
bor, Washington. 

Perry et al. (2005) note that fish with slow-
er developmental rates or more complex 
life histories are less capable of adjusting to 
warming temperatures through rapid demo-
graphic responses like movement towards 
the poles. They anticipate that fish with these 
characteristics are more likely to be affected 
by rising ocean temperatures due to their 
inability to rapidly respond to unfavorable 
habitat changes. 

In addition to distributional responses, 
increased temperatures may affect fish 
by encumbering basic life functions. The 
amount of energy allocated toward growth 
and reproduction in fish usually declines as 
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Local Effects of Changing 

Ocean Conditions 

The physical conditions of an estuary are 

sensitive to changes in long-term oceano-

graphic fluctuations. O’Higgins and Rum-

rill have studied the physical response 

of the South Slough to changes in the 

Pacific Decadal Oscillation (PDO) index 

by monitoring water quality in the South 

Slough estuary from 2000 to 2006. Their 

data show a positive and statistically 

significant relationship between tempera-

ture and the PDO index. They also found 

a negative and statistically significant 

relationship between dissolved oxygen 

and the PDO index. This suggests that lo-

cal estuaries are both anomalously warm 

and less oxygenated during the warmer 

(positive) phases of the PDO. Similarly, 

Hamilton has studied the relationship 

between the physical conditions of local 

waters and El Niño Southern Oscillation 

(ENSO) events between 2004 and 2010. 

Her data demonstrate a positive and sta-

tistically significant relationship between 

temperature and a multivariate ENSO 

index at stations in Charleston, South 

Slough’s Valino Island, and South Slough’s 

Winchester Creek.

Sources: O’Higgins and Rumrill 2007, 

Hamilton 2011

temperatures approach the extreme ends of 
species-specific tolerance ranges (Roessig et 
al. 2004). This is demonstrated in the En-
glish sole, which exhibits significantly slower 
growth in temperatures above 17.5° C (63.5° 
F) and is likely to experience reduced growth 
in extreme estuarine temperatures (Yoklavich 
1982; Rooper et al. 2003). Similarly, studies 
of sand lances (Ammodytes spp.) indicate that 
water temperature plays an important role 
in spawning timing and affects both recruit-
ment and growth rates (Monaco and Emmett 
1990).

Increased water temperatures also compro-
mise habitat quality for cold water species. 
According to the Oregon Department of Fish 
and Wildlife (ODFW 2014), higher water 
temperatures may accelerate the loss of areas 
that provide important cool water refugia and 
resting habitats for anadromous salmonid 
species.

Marine and Estuarine Hypoxia

Most of the climate-related alterations to 
fish habitats suggest increased likelihood of 
secondary effects. For example, the potential 
loss of tidal marshes can lead to reduced wa-
ter quality in estuaries, because tidal marshes 
regulate nutrients and filter pollutants (Glick 
et al. 2007). High nutrient levels combined 
with increasing ocean temperatures and ad-
equate light provide the ideal conditions for 
explosive algae growth. The overproduction 
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of algae can damage aquatic ecosystems by 
blocking sunlight and reducing oxygen levels 
in the water column (USEPA 2013a). Hypoxia, 
low levels of dissolved oxygen in water, has 
deleterious effects on fish. Hypoxic conditions 
are linked to limited reproductive function 
in several species of marine and estuarine 
fish (Giorgi and Congleton 1984; Landry et al. 
2007; Thomas et al. 2007). In extreme cir-
cumstances, low oxygen levels have caused 
mass mortalities (Pacific Fishery Management 
Council 1983).

Changing Ocean Conditions

Climate change is likely to cause changes in 
a variety of ocean conditions that will affect 
fish:

 § Climate change will likely affect ocean cir-
culation and have some effect on Pacific 
coast upwelling patterns (Hayward 1997, 
Bakun 1990). 

 § Research suggests a correlation between 
ocean temperature and increased sever-
ity and frequency of storms (Knutson et 
al. 2010, Webster et al. 2005, McGabe et 
al. 2001). 

 § The oceanographic effects of climate 
change may directly affect the abundance 
and distribution of marine fishes by af-
fecting the availability of food resources. 
For example, Monaco and Emmett (1990) 
found that food availability for larval 
northern anchovy (Engraulis mordaxis) 
is reduced by storms or strong upwell-

Pacific Decadal Oscillation and El 

Niño Southern Oscillation  

The Pacific Decadal Oscillation (PDO) 

and El Niño Southern Oscillation (ENSO) 

are cyclical climatic patterns that af-

fect weather and ocean currents in and 

around the Pacific ocean. PDO is a pattern 

of oceanic conditions that shift every few 

decades. During a cold (negative) phase, 

the west Pacific warms, and the east Pa-

cific cools; the opposite is true of a warm 

(positive) phase. ENSO is a climatic event 

that tends to occur every two to seven 

years and is characterized by anomalous 

warming of tropical Pacific waters. Local-

ly, this warming is associated with drier 

conditions, warmer temperatures, and 

lower precipitation and streamflow, al-

though it can also result in greater winter 

“storminess” and flooding.

Source: Mysak 1986
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ing conditions. However, they also find 
that storms increase food abundance for 
adults. 

 § ODFW (2014) suggests that rising tem-
perature may be cause for increased 
ocean stratification, a trend which has 
previously been associated with poor 
foraging conditions for salmonids. 

In addition to the effects of climate change, 
Pacific Decadal Oscillation (PDO) and El Niño 
Southern Oscillation (ENSO) are cyclical pat-
terns of climate variability (see sidebar) that 
influence ocean conditions, as well as fish 
abundance and distribution. The ecological 
response to shifts in PDO first affects primary 
producers and consumers before working to 
higher level consumers such as salmon. Warm 
PDO periods may be associated with de-
creased primary productivity in local waters 
due to the increased stratification of the Cal-
ifornia Current off the Oregon coast (Mantua 
et al. 1997; Hare et al. 1999). These events 
are likely to affect salmon marine survival 
rates (Hare el a. 1999).

Changing ocean conditions may affect fish 
populations through abiotic mechanisms such 
as modifications to critical habitats. Changes 
in precipitation regimes associated with the El 
Niño Southern Oscillation (ENSO), for exam-
ple, may limit access to spawning grounds, 
and systems located near the southern end of 
salmon distribution ranges may reach critical 
levels as waters warm (Naiman et al. 2002). 

Stream Hydrology 

Many aspects of climate change are expect-
ed to alter the water cycle. The anticipated 
changes include increased and earlier peak 
stream flows and reduced summer stream 
flows (Defenders of Wildlife and ODFW 2008). 
ODFW (2014) suggests that these changes are 
likely to compound existing factors that are 
already limiting the suitability of fish habitats. 
They recognize the following as factors that 
are currently affecting critical fish habitats: 

 § Loss of peripheral stream connections
 § Degradation of in-stream structures
 § Unfavorable changes to water tempera-

ture, sedimentation regimes, barriers 
to upstream passage, and availability of 
gravel.

 
Increased water temperatures may limit the 
reproductive function of riverine fish that 
are already vulnerable. The white sturgeon 
(Acipenser transmontanus), for example, has 
been shown to have substantial egg mortality 
in water temperatures above 18° C (64° F)
(Wagoner et al. 1990). Additionally, warmer 
waters may accelerate habitat loss by effec-
tively eliminating cool backwaters and other 
areas that provide important refugia and rest-
ing habitats for salmon species (ODFW 2014; 
Defenders of Wildlife and ODFW 2008). 

Warmer air temperatures and altered pat-
terns of precipitation are a likely to directly 
influence the frequency, magnitude, and 
extent of extreme weather including flooding 
and drought (Reiman and Isaak 2010; Defend-
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ers of Wildlife and ODFW 2008). In instanc-
es where these extreme weather events 
compromise riparian habitats, the effects of 
climate change on fish may be accelerated by 
reductions in shading, bank stabilization, food 
availability, and nutrient and chemical media-
tion (ODFW 2014). 
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Salmonids in the Lower
Coos Watershed

Figure 1. The spatial extent of habitat in the study area 
considered suitable for Coho and Chinook salmon, and 
for winter Steelhead migration, spawning, or rearing 
sometime during the past five reproductive cycles 
(ODFW 2013f).

Summary:  
 § Wild Coho salmon  

returns have marginally increased in the Coos 
River over the past 20 years but have recently 
declined in streams associated with Haynes 
Inlet and South Slough.

 § Fall Chinook runs in the Coos River basin have 
been strong over the past 30 years.  

 
 § Winter steelhead abundance has declined; 

hatchery fish may comprise an increasingly 
large share of the population in the mid-
south coast monitoring area.

 § Substantial numbers of hatchery-raised fish 
have been released in the Coos River. The 
long-term effectiveness of these programs is 
a matter of on-going debate.
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Figure 2. The spatial extent of coho salmon. Data: ODFW 2013b 

What’s happening? 

Populations of salmonids in the lower Coos 
watershed primarily consist of Coho salmon 
(Oncorhynchus kisutch), winter steelhead 
(Oncorhynchus mykiss irideus), fall Chinook 
salmon (Oncorhynchus tshawytscha), and 
coastal cutthroat trout (Oncorhynchus clarki 
clarki). These fish use the waters of the Coos 
system for important life history functions 
such as migration, spawning, and rearing. 

This document summarizes available infor-
mation to describe the current abundance 
and distribution of juvenile and adult Coho, 
Chinook, steelhead, and other salmonids. It 
presents habitat maps and reports trends in 
abundance, as well as factors affecting their 
abundance such as hatchery production, 
predation, and the local effects of climate 
change. 

Informationfor this summary was largely 
derived from activities supporting the Oregon 
Plan for Salmon and Watersheds (Oregon 
Plan). For example, adult Coho and winter 
steelhead abundance data are available 
through the Oregon Adult Salmonid Inventory 
and Sampling Project (OASIS), a component 
of the Oregon Plan (ODFW 2013d; ODFW 
2013e; Suring and Lewis 2008; Suring et al. 
2008; Brown and Lewis 2009 & 2010; Brown 
et al. 2011 & 2012; Jacobsen et al. 2013). 
Data for marine survival of Coho in the lower 
Coos watershed are published in the Life Cy-
cle Monitoring Program (LCM) of the Oregon 
Plan (Suring et al. 2012). Spawning surveys for 
fall Chinook in the Coos River Basin contrib-
ute to the OASIS project and provided adult 

abundance data for this document (ODFW 
2002, 2003b, 2004, 2005b, 2006, 2007, 2008, 
2009, 2010, 2011, 2012b, & 2013g). Informa-
tion from the Oregon Plan is supplemented 
by other reports and unpublished, raw data 
from the Coos Watershed Association (ODFW 
2014a; ODFW 2005a; CoosWA 2013a).  

Salmonid Species Distribution
This assessment, like all the assessments in 
the Inventory, divides the project area into 
nine subsystems: South Slough, Pony Slough, 
Lower Bay, Upper Bay, Isthmus Slough, 
Catching Slough, Haynes Inlet, North Slough, 
and Coos River (see Figure 1). Coho salmon 
spawning occurs primarily in the Coos River, 
Upper Bay, and Haynes Inlet subsystems. 
Spawning occurs to a lesser extent in the 
North Slough, Catching Slough, Isthmus 
Slough, and South Slough subsystems. There 
is Coho migration and rearing habitat in all 
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Figure 3. The spatial extent of winter steelhead. 
Data: ODFW 2013b 

Figure 4.  Spatial extent of Chinook salmon. Data: ODFW 2013b 

nine subsystems (Figure 2). The spatial extent 
of winter steelhead closely corresponds with 
Coho salmon (Figure 3). Although fall Chinook 
salmon depend on habitats in all subsystems 
for some life cycle stages, their distribution 
is more limited than Coho and steelhead.      

Chinook spawning occurs primarily in the 
Coos River subsystem, with very limited 
spawning also in the Haynes Inlet, Catching 
Slough, Isthmus Slough, and South Slough 
subsystems (Figure 4). 

Status and Trends: Adult Coho Salmon
OASIS monitors 24 adult Coho salmon pop-
ulations at over 500 sites on the Oregon 
coast. Generally, wild Coho abundance on the 
Oregon coast has increased since 1990 while 
hatchery Coho abundance has decreased 
(Figure 5). 

For the entire coast, the greatest increases 
in wild Coho abundance occurred in the late 
2000s (Figure 5). The wild Coho population 
decreased from 2003-2007 then recovered 
during 2007-2011. The Oregon Department of 
Fish and Wildlife estimates that 99,094 wild 
Coho spawned on the Oregon coast in 2012, 
which represents a 380% increase from 1990 
but a 72% decrease from the peak in 2011 
(ODFW 2013d and 2013e).   

The abundance of hatchery Coho salmon has 
been declining since 1990 (Figure 5). There 
was a sharp decline in the late 1990s and 
another period of steady decline between 
the early 2000s to 2012 (ODFW 2013d and 
2013e).
 
Approximately 9,414 adult wild Coho 
spawned in the Coos River in 2012, which 
represents a 320% increase from 1990 and a 
72% decrease from the 2001 peak level (Fig-
ure 5)(ODFW 2013d and 2013e).   
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Table 1.  Abundance of wild Coho salmon at OASIS sites. The Umpqua River data aggregate four OASIS sites including the Lower 
Umpqua, Middle Umpqua, North Umpqua, and South Umpqua. Data: ODFW 2013d and 2013e

Figure 6. The locations of all eight life cycle monitoring basins. 
Graphic: Suring et al. 2012.

The abundance of hatchery Coho in the Coos 
River has sharply declined since the 1990s 
(Figure 5). Hatchery Coho abundance in the 
Coos River peaked in the early 1990s, but 
since then, there have been several years 
with zero estimated hatchery fish on natural 
spawning grounds. The last hatchery Coho 
smolt release in the Coos basin was made in 

2004 (G. Vonderohe, pers. comm., April 21, 
2014).   Summary statistics describing 20-
year trends in the status of Coho salmon at 
several OASIS sites are presented in Table 1. 
Adult and juvenile Coho salmon populations 
in South Slough’s Winchester Creek have also 
been tracked annually by the Oregon Plan’s 
LCM since 1999 (Figure 6). 

Although there are no clear trends in abun-
dance for wild adults in LCM basins, the data 
do exhibit a weak pattern of cyclical returns in 
some basins (e.g., Siletz Mill Creek and Smith 
River in Figures 7b and 7c). In Winchester 
Creek, adult wild Coho returns are decreas-
ing, and marine survival rates are low com-
pared to other sites (Figure 7d).

Between 2000 and 2011, the marine survival 
rate for Coho salmon in Winchester Creek 
averaged approximately 4%, with the highest 
rate (approximately 10%) in 2001 and lowest 
(less than one percent) in 2008. The Win-
chester Creek site averaged 121 spawning 
Coho returning annually, with a lower bound 
of only five adults returning in 2000 and an 
upper bound of 374 adults in 2004 (Table 2). 
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Figure 7.  Trends in Coho salmon marine survival rates (bar 
graph) and returning wild spawning adult numbers (line graph) 
for four of the eight LCM basins. Generalized areas of high 
return rates (2001-2004) and low return rates (2007-2009) 
have been highlighted in grey. Data: Suring et al. 2012, ODFW 
2012a.

Table 2. The summary statistics for marine survival and number 
of returning adult Coho for spawning. Data: Suring et al. 2012, 
ODFW 2012a

Figure 8. Trends in adult Coho returns to the Haynes Inlet
 subsystem. Data: CoosWA 2013a

The standard error measures the statistical 
variance from year to year, thus the small 
standard errors in the Winchester Creek data 
suggest that annual Coho runs are consis-
tently small and marine survival is consis-
tently low. This observation is supported by a 
general decline in adult wild Coho returning 
to Winchester Creek since the early 2000s 
(Figure 7). 

To put the Winchester Creek LCM data in per-
spective, the second lowest marine survival 
rates were observed in Siletz Mill Creek (4.7% 
on average) between 2000 and 2011, with 
a peak of 7.4% in 2001 and a low of 1.7% in 
2006 and 2007. Trends for LCM basin sites are 
summarized in Figure 7 and Table 2.

Time series analyses of population status are 
also performed for other subsystems where 
the data are sufficiently robust. The Coos Wa-
tershed Association (CoosWA) has conducted 
stream surveys in the salmon-bearing water-
ways of the Haynes Inlet subsystem since the 
early 2000s.
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Figure 9. Marine survival is the proportion of Coho smolts that 
return to the Haynes Inlet Subsystem to spawn as adults. 
Data and caption: CoosWA 2013a

According to CoosWA (2013a), Coho re-
turns to the Haynes Inlet subsystem trended 
downward in the early 2000s, but recovered 
from 2007-2010 (Figure 8). In 2011, CoosWA 
estimated 671 returns to the Haynes In-
let Subsystem, which was a decrease from 
2010-levels and below the eight-year average 
(1,015 annual returns). 

CoosWA (2013a) also estimated marine sur-
vival rates of adults returning to Palouse and 
Larson creeks in the Haynes Inlet subsystem 
for 2004-2008 (Figure 9). Survival rates in 
Palouse Creek were consistently higher than 
at Larson Creek. In general, marine survival 
rates increased from 2004-2006, except for 
a decrease in Palouse Creek returns in 2006. 
From 2006-2008, marine survival declined ex-
cept for an increase at Palouse Creek in 2007.
 
Status and Trends: Juvenile Coho Salmon
Since 1998, ODFW has monitored juvenile 
Coho distribution and abundance as part of 
the Western Oregon Rearing Project (WORP)
(Rodgers 2000, 2001, 2002; Jepsen and Rod-
gers 2004; Jepsen 2006; Jepsen and Leader 
2007a, 2007b, 2008; Suring and Constable 

2009, 2010; Constable and Suring 2010, 
2012, 2013). WORP investigates juvenile 
distribution and reports pool occupancy rates 
(percent of pools with juveniles present) and 
abundance (fish per m2), which is measured 
by average density of juveniles in pools.  

WORP is divided into regional “monitoring 
areas” that are grouped into larger “evolu-
tionarily significant units” (ESU) and “distinct 
population segments” (DPS)(Figure 10). The 
Coos estuary is part of the mid-south coast 
monitoring area, which includes the Tenmile, 
Coos, Coquille, Floras, and Sixes River basins.
  
Juvenile abundance is a “coincident indicator” 
of adult abundance, meaning that current 
trends in juvenile abundance reflect current 
trends in the abundance of the adults that 

Figure 10. The spatial extent of Coho and steelhead monitoring 
areas, evolutionarily significant units (ESU), and distinct pop-
ulation segments (DPS) Graphic: Constable and Suring 2013; 
Codes: LCR- Lower Columbia River, SWW- Southwest Wash-
ington, OC- Oregon Coast, SONC- Southern Oregon Northern 
California, KMP- Klamath Mountain Province
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produced them. Jepsen and Leader (2007a) 
estimate with a high degree of confidence 
(p<0.05) that 67% of the variation in adult 
abundance is explained by variation in 
juvenile abundance in the mid-south coast 
(R2=0.67)(Figure 11). 

Juvenile pool occupancy in the mid-south 
coast monitoring area has increased since 
1998 (Figure 12). In 2011, juveniles were 
present in 79% of the area’s pools (an 18% 
increase from 1998 levels). However, juvenile 
density was more variable: 12-year low (0.17 
fish/m2) in 1998 and maximum density (1.07 
fish/m2) in 2003. Overall, pool occupancy 
has shown a statistically significant (p < 0.01) 
annual increase since 1998, while the an-
nual change in pool density (p > 0.05) is not 

Figure 11. The relationship between juvenile abundance (fish/
m2) and the average density (fish/mile) of the adults that pro-
duced them. R2 is the percent of variation in adult abundance 
explained by juvenile abundance. Graphic: Jepsen and Leader 
2007a

Figure 12. Juvenile Coho abundance in first through third order 
(“wadeable”) streams in the mid-south coast monitoring area. 
Data: Rodgers 2000, 2001, 2002; Jepsen and Rodgers 2004; 
Jepsen 2006; Jepsen and Leader 2007a, 2007b, 2008; Suring 
and Constable 2009, 2010; Constable and Suring 2010, 2012, 
2013

Figure 13. Juvenile Coho abundance in Larson and Palouse 
Creeks. Large confidence intervals are a reflection of low trap 
efficiency. Mean abundance in the Haynes Inlet Subsystem 
(green line) is represented by the sum of the annual means for 
Larson and Palouse Creeks Data: CoosWA 2013a

statistically different from zero (i.e., neither 
increasing nor decreasing).  
 
CoosWA (2013a) has also monitored juvenile 
Coho abundance in the Haynes Inlet Subsys-
tem from 2006-2012 (Figure 13). The number 
of out-migrating smolts from the Haynes Inlet 
Subsystem increased from 2006 to 2011 but 
declined in 2012. 
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Table 3. Excerpts of ONFSR evaluation criteria. 
Source: ODFW 2003a

Figure 14. Historic abundance of adult fall Chinook salmon in 
the Coos River in number of observed fish (both live and dead) 
per mile at peak count. Benchmark necessary to pass ONFSR 
abundance criteria is highlighted in red. Graph: ODFW 2005a 

established by the Native Fish Conservation 
Policy in 2003. These guidelines are referred 
to as “interim criteria” because they provide 
temporary guidance prior to the completion 
of conservation plans (ODFW 2005a; ODFW 
2003a)(Table 3). 

The Coos River fall Chinook population met 
five of the six ONFSR criteria, meaning that 
the near-term sustainability (5 -10 years) of 
native Coos River fall Chinook at levels that 
provide “ecological, economic, recreational, 
and aesthetic benefits to present and fu-
ture generations” may potentially be at risk 
(ODFW 2005a). It should be noted that Chi-
nook salmon hatchery production between 
1995 and 2005 greatly affected ODFW’s abili-
ty to determine the status of wild Coos River 
Chinook salmon populations. 

The data (ODFW 2005a) suggest that while 
the fall Chinook abundance in the Coos River 
varied considerably, it generally increased 
between 1974 and 2004, reaching a peak in 
2003 (Figure 14). 

The abundance of Fall Chinook in the Coos 
River has remained relatively large compared 
to most Oregon coast sites. ODFW’s estimat-
ed 30-year average density for Coos River fall 
Chinook (101 fish per mile) is only exceeded 
by Chinook abundance in five of the remain-
ing fifteen sampled estuaries on the Oregon 
coast (Table 4).    

More recent Chinook abundance data were 
provided by ODFW spawning survey summa-
ries (ODFW 2002, 2003b, 2004, 2005b, 2006, 

Status and Trends: Chinook Salmon
The Oregon Native Fish Status Report (ONS-
FR) provided historic data for Chinook salmon 
stocks in the Coos River basin (ODFW 2005a).
 To evaluate the status of Chinook salmon 
populations, the ONFSR uses six criteria 
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2007, 2008, 2009, 2010, 2011, 2012b, & 
2013g). These data indicate that fall Chinook 
abundance in the Coos watershed decreased 
in the mid-2000s but recovered with peak 
abundances in 2010 for the Coos River and 
in 2011 for the Millicoma River (Figure 15). 
Although abundance declined after the highs 
of 2010/2011, adult Chinook peak counts are 
again increasing , with both the Coos and Mil-
licoma Rivers exceeding the 30-year average 
in 2013 (Table 5). Currently, ODFW considers 
Coos fall Chinook a viable population with a 
low probability of extinction (ODFW 2014a).

Status and Trends: Adult Winter Steelhead
In 2003, OASIS initiated monitoring efforts 
to assess trends in the abundance of winter 
steelhead populations in coastal areas (Jacob-

Table 4. Fall Chinook abundance data for 16 Oregon coast species management units. Table: ODFW 2005a

Table 5. Fall Chinook abundance data (fish per mile) for four Coos River species management units. Table: ODFW 2002, 2003b, 
2004, 2005b, 2006, 2007, 2008, 2009, 2010, 2011, 2012b, & 2013g

sen et al. 2013). The Tenmile, Coos, Coquille, 
Floras, and Sixes River basins represent the 
mid-south coast monitoring area (Figure 16).
 
The OASIS project estimates Steelhead abun-
dance by surveying “redds” (gravel “nests” in 

Figure 15. Abundance for fall Chinook in three local rivers. 
Millicoma peak count data (dashed) are subject to more 
variability than South Fork Coos data (solid), because Millicoma 
survey results are more dependent on river flow conditions (G. 
Vonderohe, pers. comm., April 21, 2014). Data: ODFW 2002, 
2003b, 2004, 2005b, 2006, 2007, 2008, 2009, 2010, 2011, 
2012b, and 2013g
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Figure 16. OASIS map of monitoring areas for winter steelhead. 
Monitoring areas are divided between two Oregon Coast 
Distinct Population Segments (DPS). The Oregon Coast DPS is 
shaded above in yellow, and the Klamath Mountain Province 
DPS is in pink. Graphic: Jacobsen et al. 2013

Figure 17. Redd abundance in the Oregon Coast DPS Data: 
Jacobsen et al. 2013

stream bottoms where fish lay their eggs- see 
Background). Redd abundance in the Ore-
gon Coast Distinct Population Segment (DPS) 
declined from 2003 to 2009, with a period of 
marginal increase in 2007. It again increased 
from 2009 to 2013, except for a decline in 
2011, and reached a ten-year high in 2013 
(Figure 17). ODFW notes that ideal survey 
conditions, including low flow and high water 
clarity in 2013 may have caused the unusually 
high rate of redd observation (Jacobsen et al. 
2013). 

For the mid-south coast monitoring area 
(MSCMA), which includes mainly the Coos 

and Coquille watersheds, the number of 
redds observed in 2013 were 25% fewer com-
pared with peak levels in 2007 (Table 6). Redd 
abundance declined from 2007-2012, but has 
recovered in2013 (Figure 18). 

Hatchery steelhead accounted for approxi-
mately 21% of all spawning steelhead in the 
MSCMA. The proportion of hatchery origin 
spawners (pHOS) in 2013 was larger in the 
MSCMA than any other monitoring area on 
the Oregon coast (Jacobsen et al. 2013). How-
ever, data for the Coos and Millicoma Rivers 
indicate that local pHOS may be substantially 
lower than 21% (ODFW 2014b). In addition, 
pHOS in the MSCMA generally increased 
slightly over the past seven years but lev-
eled off recently (Figure 19), although ODFW 
(2014b) data indicate that Coos and Millicoma 
River populations may not exhibit the same 
trend. Due to a high pHOS, the winter steel-
head population in the Coos River basin failed 
to meet ODFW’s reproductive independence 
criterion (Table 3)(ODFW 2005a). 
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Table 6. Winter steelhead abundance data in terms of redd abundance from 2007 to 2013. Data: Suring and Lewis 2008; Suring et 
al. 2008; Brown and Lewis 2009 and 2010; Brown et al. 2011 and 2012; Jacobsen et al. 2013

Figure 18. Trends in winter steelhead abundance in terms of number of redd observations over time (blue). Linear 
regression model (black) suggests a marginal decrease over time (R2=0.08). However, this decrease is not statistically 
different from zero (p = 0.39). Data: Jacobsen et al. 2013

Figure 19. Proportion of hatchery origin spawners (pHOS) for the 2007 to the 2013 spawning seasons in the MSCMA. 
Data: Suring and Lewis 2008; Suring et al. 2008; Brown and Lewis 2009 and 2010; Brown et al. 2011 and 2012; Jacob-
sen et al. 2013
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Figure 20. Juvenile steelhead abundance in first through third 
order (“wadeable”) streams in the mid-south coast monitoring 
area. Data: Jepsen and Rodgers 2004; Jepsen 2006; Jepsen and 
Leader 2007a, 2007b, 2008; Suring and Constable 2009, 2010; 
Constable and Suring 2010, 2012

Overall, however, steelhead trout are classi-
fied as a viable population with a low prob-
ability of extinction in the MSCMA (ODFW 
2014a).

Status and Trends: Juvenile Winter Steelhead
As part of the Western Oregon Rearing Proj-
ect (WORP), ODFW has monitored juvenile 
steelhead distribution and abundance since 
2002 (Jepsen and Rodgers 2004; Jepsen 2006; 
Jepsen and Leader 2007a, 2007b, 2008; Sur-
ing and Constable 2009, 2010; Constable and 
Suring 2010, 2012, 2013). The project studies 
juvenile distribution by recording pool occu-
pancy rates (percent of pools with juveniles 
present) and abundance (fish per m2) as mea-
sured by average density of juveniles in pools. 
See “Status and Trends: Juvenile Coho Salm-
on” for an explanation of WORP structure and 
the importance of juvenile abundance. 

Juvenile steelhead pool occupancy was 
variable between 2002 and 2007 (Figure 20). 
However, occupancy increased steadily from 
2007-2011, reaching a 9-year high (44%) in 
2011 (the most recent data available). The 
density data do not indicate a clear trend. In 
the early 2000s, density first decreased, then 
reached its 9-year high in 2005 (0.05 fish/m2) 
and then rose and fell after 2005. In 2011, 
density was 0.026 fish/m2 (a 13% decrease 
from 2002 and 48% lower than the 2005 
peak).

Status and Trends: Other Salmonid Species

Coastal cutthroat trout (Oncorhynchus clarki 
clarki) occupy almost all available stream 
habitats along the Oregon coast (at least 
seasonally), with the exception of streams 
with barriers to fish passage near the ocean 
(ODFW 2005a). Between 1998 and 2003, 
ODFW surveys found coastal cutthroat trout 
in the headwaters of most perennial streams 
and many seasonal streams. Their densities 
in Oregon coast waters are high and stable, 
therefore all stocking of cutthroat trout ended 
in 1996 with many programs being discontin-
ued prior to that. Coastal cutthroat trout are 
able to respond quickly to changes in habitat 
quality and quantity; they can also persist in 
isolated populations or when interacting with 
other salmonid and non-salmonid species. 
Furthermore, this species is at low risk for fail-
ing the reproductive independence criterion 
established by the Native Fish Conservation 
Policy because hatchery releases were discon-
tinued (ODFW 2005a).  
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Data describing local cutthroat trends are 
available for the Haynes Inlet subsystem. Co-
osWA has reported cutthroat captures as part 
of their juvenile fish trap (rotary screw trap) 
monitoring program on Larson and Palouse 
Creeks since 2005 (CoosWA 2013b).

Cutthroat trout captures in the Haynes Inlet 
subsystem generally rose from 2005-2011, 
with the greatest increase occurring in Larson 
Creek between 2009 and 2011 (Figure 21). 
However, captures in 2012 were well below 
2011 levels due to a sharp decline in Larson 
Creek captures and the continued decline in 
Palouse captures from 2009 to 2012. 

Chum salmon (Oncorhynchus keta) are at 
the very southern end of their range along 
the Oregon coast. Historic abundance and 
distribution information is limited. However, 
ODFW identified the Coos River basin as one 
of thirteen statewide historic chum salmon 
populations based on records for commercial 
landings. Although ODFW-sponsored surveys 
periodically report chum sightings in the Coos 
watershed, their frequency and number sug-
gest that the population is effectively extinct 
in local waters (ODFW 2005a).       

Commercial landing records were also used 
to help identify historic populations of spring 
Chinook salmon. However, since commer-
cial landings were concurrent with hatchery 
releases, quantifying historic spring Chinook 
populations is difficult. The Coos River popu-
lation of spring Chinook is classified by ODFW 
as extinct (ODFW 2005a).    

Figure 21. Cutthroat abundance in the Haynes Inlet Subsystem. 
These data have not been adjusted for trap efficiency. Data: 
CoosWA 2013b

Why is it happening?

Many environmental and human-related 
factors influence migration timing and the 
distribution and abundance of salmonid 
species in the Coos watershed. Among those 
factors are: 1) the condition and availability 
of spawning and rearing habitat, 2) commer-
cial and recreational fish harvests, and 3) the 
effect of hatchery fish in wild fish populations. 
Salmon with limited spawning habitat avail-
ability (e.g., South Slough Coho) may be par-
ticularly vulnerable to these factors (P. Burns, 
pers. comm., April 23, 2014). 

Oceanographic and climatic conditions may 
partially explain variations in salmon mi-
gration behavior and population levels. For 
example, the Pacific Decadal Oscillation (PDO) 
and El Niño Southern Oscillation (ENSO) are 
large-scale climate patterns that affect both 
marine and terrestrial biological communities 
throughout the western hemisphere. The 
PDO is a cyclical change in ocean conditions 
that generally shift every few decades from 
cold (negative) phases to warm (positive) 
phases. During a cold phase, the western part 
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Figure 22. Time series of shifts in signs of the Pacific Decadal Oscillation (PDO), 1925 to present. Values are averaged over the 
months of May through September. Red bars indicate positive (warm) years; blue bars negative (cool) years. Graphic and caption: 
NOAA Northwest Fisheries Science Center 2014 

of the Pacific warms while the eastern part 
cools, with the opposite happening in a warm 
phase (Figure 22). In Oregon, a PDO cold 
phase is characterized by anomalously cool 
and oxygen-saturated waters; a warm phase 
is associated with usually warm and less oxy-
genated waters (O’Higgins and Rumrill 2007). 
The PDO phase was negative (cold) through-
out 2013 and is expected to transition to 
near-neutral conditions in early 2014 (NOAA 
Northwest Fisheries Science Center 2014).

Mysak (1986) describes ENSO as a climatic 
event that tends to occur every two to seven 
years and is characterized by an unusual 
warming of tropical Pacific waters. In Oregon, 
the ENSO generally produces warmer, drier 
climatic conditions, and is frequently associ-
ated with lower precipitation and streamflow. 
However, ENSO events are sometimes unpre-
dictable and can result in a higher frequency 
of winter storms and flooding. The presence 
or absence of ENSO conditions has been 

tracked using the Oceanic Niño Index, or ONI, 
since 1955 (Figure 23). 
The PDO and ENSO are not completely inde-
pendent, because ENSO events generally oc-
cur more frequently during the warm phase 
of the PDO (Hare et al. 1999).   

These climatic oscillations are likely to have 
direct and important effects on salmon 
populations in both marine and freshwater 
environments (Naiman et al. 2002). Mantua 
et al. (1997) explains that PDO conditions 
first affect primary producers and consumers 
which in turn affect the higher level consum-
ers such as salmon. Hare et al. (1999) suggest 
that these events are likely to affect salmon 
abundance through marine survival rates. 
Their research indicates that a 20-year warm 
PDO from the late 1970s to the late 1990s 
in the Pacific Northwest was marked by low 
primary productivity due to increased strat-
ification in the California Current and poor 
foraging conditions for Pacific salmon. 
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Climatic events may also influence salmon 
abundance through abiotic factors. For ex-
ample, changes in precipitation regimes may 
limit access to spawning grounds and stream 
temperatures may reach uninhabitable levels 
in locations near the southern end of salmon 
distribution ranges (Naiman et al. 2002). It’s 
important to note that discrete climatic ef-
fects on salmon populations may be masked 
or overwhelmed by human-related influences 
such as hatchery production (Mantua et al. 
1997).

Background 

Salmonids are fish belonging to the family 
Salmonidae which includes Coho, Chinook, 
and chum salmon, steelhead and cutthroat 
trout and others. In many cases, these fish 
are anadromous, meaning they migrate from 
the sea to inland rivers and streams to spawn. 
The life cycle of anadromous fish begins with 
egg deposition and fertilization in the gravel 
of freshwater streams (Figure 24). Juvenile 
salmon emerge two to four months after 
fertilization and spend the next year or more 
in stream and upper estuarine habitats. Upon 

Figure 23. Values of the ONI, 1955 - present. Red bars indicate 
warm conditions in the equatorial Pacific, blue bars indicate 
cool conditions in equatorial waters. Large and prolonged El 
Niño events are indicated by large, positive values of the index. 
Graphic and caption: NOAA Northwest Fisheries Science Center 
2014 

sufficient development they undergo smoltifi-
cation, a physiological process that allows the 
young fish to migrate to the ocean and live in 
salt water.

Salmonids grow rapidly while in the ocean be-
cause food supplies are abundant. After living 
in the ocean for as long as five years, adult 
salmonids return to their home streams to 
spawn, relying on the fat reserves they’ve ac-
cumulated at sea to complete the migration. 
When a mature female is ready to spawn, she 
digs a nest (called a redd) in stream-bottom 
gravel, and deposits her eggs for fertilization 
by the male. Many salmonid species are 
“semelparous”, which means they die after 
spawning. However, some species like steel-
head and anadromous cutthroat trout have 
the ability to spawn repeatedly (Bowers et al. 
1999, Cederholm et al. 1999). 

Salmonid species provide crucial ecosystem 
services in the Coos watershed. Because most 
species of Pacific salmon (Oncorhynchus spp.) 
are semelparous, a sizeable spawning run will 
produce numerous salmon carcasses, which 
are an important food source for terrestrial 
animals and a critical means of transporting 
marine-derived nutrients back to land (Ce-
derholm et al. 1999). Nutrients provided by 
salmon carcasses sustain the productivity of 
riparian ecosystems, a process that is some-
times referred to as stream “fertilization”. 
Salmon have been identified as keystone 
species due to their ecological importance 
(Wilson and Halupka 1995).  
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Figure 24. The life cycle of anadromous salmonids. 
Graphic: Bowers et al. 1999

Figure 25. A STEP volunteer helps to monitor fall Chinook popu-
lations at the Dellwood static trap, an ODFW installation on the 
South Coos River. 

Fish Hatcheries
In an effort to supplement wild stocks of fish 
in Oregon waters, ODFW manages several 
fish hatchery and rearing programs along the 
coast. The Coos basin has ODFW hatchery 
programs on the Isthmus Slough and the Coos 
and Millicoma Rivers, with additional accli-
mation sites for both fall Chinook (two sites) 
and Winter Steelhead (four sites). Hatchery 
programs are coordinated by the Salmon and 
Trout Enhancement Program (STEP)(Figure 
25). The goals of these local programs in-
clude: a) producing fish that are ecologically 
and genetically similar to wild populations, 
and b) educating students and the public 
through STEP (ODFW 2013a). In addition to 
live fish production, hatchery programs are 
a substantial source of salmon carcasses for 
stream fertilization (see Background). 

The long-term effectiveness of hatchery 
programs is controversial due to genetic and 
ecological concerns. Research suggests that 
declines in wild populations, coupled with in-
creases in hatchery production, may acceler-
ate genetic changes in Pacific salmon species 
(Oncorhynchus spp.). These changes could 
compromise the long-term fitness of some 
species by reducing genetic variability and 
essentially eliminating locally adaptive gene 
complexes (Waples and Teel 1990; Christie et 
al. 2012). Furthermore, when hatchery and 
wild fish interbreed over several generations, 
the genetic effect of captive breeding practic-
es may have a cumulative, negative influence 
on the reproductive fitness of wild stocks. As 
a result, it can take many years for wild stocks 
to recover after hatchery practices are termi-
nated (Araki et al. 2009).

The production and release of fish bred in 
captivity may also be associated with ecolog-
ical impairment. For example, competition is 
often cited as a harmful ecological interaction 
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between hatchery and wild fish (Weber and 
Fausch 2003).

The long-term competitive abilities of fish 
may be affected by their genetic traits as well 
as behavioral, morphological, and physiolog-
ical characteristics developed under different 
environmental conditions. Captive breeding is 
often associated with high densities, low cur-
rent velocities, low selective pressures, and 
confined feeding. (Weber and Fausch 2003).

Some of these differences may result in high-
er competitive abilities for hatchery fish while 
some will result in lower competitive abilities. 
For example, several studies have found that 
hatchery fish are usually larger and grow fast-
er than their wild counterparts (Fleming et al. 
2002; Rhodes and Quinn 1999; Fleming and 
Einum 1997) which would presumably help 
them compete in the wild. Research also sug-
gests that captive bred fish are generally less 
fit to avoid predation than wild fish (Johnsson 
et al. 1996; Berejikian 1995; Johnsson and 
Abrahams 1991). It’s difficult to determine 
the full ecological consequence of these dif-
ferences, because many of them have yet to 
be quantified (Weber and Fausch 2003).  

Although the local risk of competition be-
tween hatchery and wild fish is thought to be 
minimized by the relatively large size of Coos 
Bay and surrounding estuaries, some concern 
still exists (ODFW 2014a). ODFW has outlined 
a set of best management practices for Coos 
watershed hatchery operations in a series 
of Hatchery and Genetic Management Plans 
(ODFW 2013c).

Predation
Pacific salmon species are vulnerable to pre-
dation by seals and sea lions (pinnipeds) and 
by sea birds. 

Particularly in areas with struggling salmon 
populations, seal and sea lion population 
growth has caused heightened concern about 
the pinnipeds’ salmonid consumption (Orr et 
al. 2004). 

Pacific harbor seal (Phoca vitulina richard-
si) populations have grown in response 
to increased protection under the Marine 
Mammal Protection Act of 1972 (Wright et 
al. 2007; Brown et al. 2005; Orr et al. 2004). 
According to Orr et al. (2004), Oregon harbor 
seal populations increased by an average 
of 6-7% annually from 1978-1988, but their 
numbers have since leveled off to about 
8,000 individuals. This estimate is corrobo-
rated by Brown et al. (2005), who suggest 
that Oregon harbor seal populations have 
experienced rapid growth over the past few 
decades and are currently at or near carrying 
capacity (Figure 26).

Research suggests that salmonids compose 
anywhere from 1-30% of the harbor seal diet, 
depending on the area, season, and sampling 
methods (Orr et al. 2004; National Marine 
Fisheries Service 1997). Wright et al. (2007) 
studied seal predation in the Alsea River 
estuary by observing feeding rates, analyzing 
scat content, and tracking seal movement to 
infer foraging behavior. They estimate that 
pinnipeds consumed 1,161 adult salmonids 
over the course of three months in fall 2002. 
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Scat content analyses indicate that salmo-
nids comprise a relatively small share of the 
pinniped diet (Table 7). Coho was the most 
commonly salmonid consumed, and harbor 
seal predation accounted for approximate-
ly 21% of the total Alsea Coho run in 2002. 
Tracking suggest that only a small proportion 
of seals (12.5%) exhibit foraging behavior that 
is consistent with specialization in salmonid 
predation.

In addition to pinniped predation, juvenile 
salmonids are also vulnerable to predation 
by sea birds. Public concern is often voiced 
about juvenile salmonid predation by the 
double-crested cormorant (Phalacrocorax au-
ritus, DCCO), a species that is known to prey 
on more than 250 species of freshwater and 

Figure 26. Average (black dots) and predicted (line) counts of 
non-pup harbor seals ashore in two survey regions in Oregon. 
The combined total represents the sum of the regional average 
and predicted values. Graphic and Caption: Brown et al. 2005

Table 7. Scat content analysis of the harbor seal. Source: Wright 
et al. 2007

marine fishes (Adkins and Roby, 2010).

In April and May 2012, ODFW conducted 
a diet study to assess DCCO predation on 
juvenile salmonids in Tillamook Bay (Adrean 
2013). ODFW estimates that DCCOs con-
sumed approximately 8,000 juvenile Coho 
(about 4% of all outmigrating Coho smolts) 
over two months (Adrean 2013).Their data 
indicate that the salmonid component of 
their diet was significantly higher in April than 
in May (Figure 27). Steelhead (47%) and Coho 
(21%) comprised the largest proportion of 
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salmonids consumed (Table 8). 

In 2013, the ODFW expanded the DCCO pre-
dation study to include two additional estu-
aries. Their preliminary results indicate that 
salmonids comprise about 6, 11, and 7% of 
the DCCO diet in the Tillamook, Umpqua, and 
Rogue systems, respectively. Almost all salmo-
nids detected in the 2013 DCCO predation 
study were juvenile Coho salmon (J. Lawonn, 
pers. comm., April 21, 2014).

This analysis corroborates the research that 
was done by Oregon State University and 
the United States Geological survey on the 
Columbia River (Bird Research Northwest 
2009). Their findings suggest that juvenile 
salmonids comprise approximately 10% of the 
DCCO diet on average, with data ranging from 
2-25% of diet composition. They also support 

Table 8. Salmonid component of the double-crested cormorant 
diet in Tillamook Data: Adrean 2013

Figure 27. The composition of the double-crested cormorant 
diet during a two-month study period at Tillamook Bay in 
spring 2012. Data: Adrean 2013  

previous studies indicating that sand lance 
(Ammodytes hexapterus), clupeids (herrings 
and sardines), cottids (sculpins), embiotocids 
(surf perches), engraulids (anchovies), pholids 
(gunnels), and stichaeids (pricklebacks) are 
important prey items for DCCO populations 
in western North America (Adkins and Roby 
2010). 

In 2012, there were an estimated 1,260 
breeding DCCO pairs on the Oregon coast 
(Adrean 2013). Statewide, DCCO populations 
have decreased from 2009 levels, which had 
about 2,384 breeding pairs (Adkins and Roby 
2010). The DCCO breeding populations in 
the Coos estuary (at Coos Head and Cape 
Arago) may have decreased throughout the 
mid-2000s, but have since recovered (USF-
WS 2014). The U.S. Fish and Wildife Service 
estimates that there were 326 DCCO breeding 
pairs in the Coos Bay area in 2013 (down 15% 
from 2003).
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Lamprey in the Lower 
Coos Watershed
Summary:  

 § Two lamprey species are 
native to the Coos system, 
yet very little is known 
about their abundance, 
distribution, or life history.        

Spatial extent of Pacific Lamprey. Data: ODFW 2012

Photo above: Western 
brook lamprey  
Source: Gary Susak, ODFW 

Pacific lamprey 
Photo: www.critfc.org

What’s happening? 

Two lamprey species, the western brook 
lamprey (Lampetra richardsoni) and Pacific 
lamprey (Entosphenus tridentatus formerly 
Lampetra tridenta), are native to the Coos 
estuary. Like most non- commercial species, 
the status and distribution of lampreys have 
not been the focus of research in the Coos 
estuary. Therefore, all available information 
comes from incidental catch data obtained 
during investigations of other fish species. 

Although data have not been collected 
specifically to quantify Coos estuary lamprey 
populations, anecdotal evidence suggests a 
decline in Pacific lamprey abundance along 
the entire Oregon coast during the past 30-40 
years (ODFW 2005).
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Figure 1. Current (A) and historical (B) lamprey observations of Pacific (blue), brook (red), and juvenile (green) lampreys. Observa-
tions that were made prior to 1994 are represented by dots. Sites that have recorded multiple historical observations of the same 
species (e.g., Pacific lamprey) both prior to 1994 and again from 1995-2008 are represented by two boxes of the same color (e.g., 
green) both with and without a dot. Data: ODFW 2013; CoosWA 2012; Suring et al. 2012. SS-South Slough, LB-Lower Bay, PS-Pony 
Slough, IS-Isthmus Slough, UB-Upper Bay, NS-North Slough, HI-Haynes Inlet, CR-Coos River, CS-Catching Slough

Since 2002, Pacific lamprey presence has 
been documented by the Oregon Department 
of Fish and Wildlife (ODFW) while conducting 
salmonid population research in the South 
Slough’s Winchester Creek. They counted 
43 adults in 2002 but only one in 2006 and 
2007 (Suring et al. 2012)(Figure 1). ODFW 
also caught hundreds of ammocoetes (juve-
niles) each year from 2002-2007. However 
the counts did not differentiate between 
the Pacific and western brook lamprey. Eyed 
lamprey, the life stage between juvenile and 
adult, were also recorded, with a range of 
over 1,500 individuals in 2006 to a low of two 
in 2010. 

Pacific lamprey have also been found during 
ODFW’s annual steelhead surveys in other ar-
eas of the Coos estuary system. Kavanagh et 
al. (2005) examined fisheries information for 
the Elliot State Forest study area and reported 
no lampreys or lamprey redds (gravel “nests”) 

during winter surveys in 2003. In 2004, how-
ever, one adult and 9.2 redds per mile were 
documented in Palouse Creek. Three adults 
per mile were also recorded for the West 
Fork Millicoma River, along with 43 redds per 
mile. However, redds are a poor indicator of 
lamprey abundance, because lampreys create 
redds during courtship that are never used, 
and Pacific lamprey redds are easily confused 
with steelhead redds (Kostow 2002, Gunckel 
et al. 2006).

Incidental catches of adult and ammocoete 
Pacific lamprey were recorded in Larson and 
Palouse Creeks (Haynes Inlet drainage basin) 
by Coos Watershed Association (CoosWA) 
researchers during annual salmon life cycle 
monitoring, which began in 2005 (Figure 1). 
Roughly 1-5 adult Pacific lamprey were found 
in Larson Creek most years, but were only oc-
casionally found in Palouse Creek. Ammocoe-
tes were more abundant in the Larson system 
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and not differentiated by species.  
CoosWA also found other ammocoetes and 
adult western brook lamprey in Larson and 
Palouse Creeks during the same Coho lifecycle 
monitoring surveys (Figure 1)(CoosWA 2012). 
Western brook lamprey adults were found in 
moderate numbers (~50) in the Larson system 
and low numbers (~5) in Palouse Creek. Pacif-
ic lamprey ammocoete and adult counts were 
combined, and ammocoetes were captured in 
higher numbers in the Larson system.

Western brook lamprey have also been found 
in low densities in the South Slough water-
shed, and are often associated with beaver 
ponds (Rumrill 2002). 

In the Coos River, annual ODFW seining has 
collected Pacific lamprey adults and ammo-
coetes as recently as 2011 (Figure 1)(ODFW 
2013).

In nearby basins:

 § Data from the Winchester Dam on the 
North Umpqua River show lamprey abun-
dance began declining rapidly in the early 
1970’s and remained low (Kostow 2002).

 § Gunckel et al. (2006) noted that Pacific 
lamprey only occupied large mainstem 
reaches of the Smith River. The same dis-
tribution was observed by Brumo (2006) 
in the Coquille River. 

 § A short-term study in the nearby Tenmile 
Creek estimated approximately 6,500 
Pacific lamprey migrated to the ocean in 
1994 and about 3,500 in 1995, indicating 
a healthy but highly variable population 
(van de Wetering 1998). 

In the Umpqua watershed’s Smith River, 
Gunckel et al. (2006) found that western 
brook lamprey were widespread in small-
er-order tributaries, an analysis based partly 
on redd surveys. However, as with Pacific lam-
prey, population estimates for western brook 
lamprey based on redds are less accurate 
than counts because: 

 § redds are sometimes too close together 
to distinguish;

 § redds can be confused with elk tracks, 
therefore should not be  counted unless 
adults are also present; and 

 § western brook lamprey sometimes spawn 
in redds already created by Pacific lam-
prey (Gunckel et al. 2006).  

Despite the lack of quantitative western 
brook lamprey population data, ODFW (2005) 
speculates that their numbers and distribu-
tion are declining, most likely due to habitat 
loss and pollution. 

Background

Pacific lamprey
An anadromous species, adult Pacific lam-
prey require freshwater creeks with sand and 
gravel bottoms for spawning while juveniles 
require low velocity freshwater side channels 
with soft sediments for burrowing (Kavanagh 
et al. 2005). Juveniles remain burrowed four 
to seven years before emerging and migrating 
to the ocean, where they spend another two 
to three years as parasitic adults before re-
turning to their natal streams to spawn (Close 
et al. 2002).
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Pacific lamprey are federally listed as a “Spe-
cies of Concern”, and state listed as “Imper-
iled in Oregon” (ORBIC 2013; ODFW 2006). 

Pacific lamprey are harvested as a subsistence 
food by Native Americans and have high cul-
tural value for several Oregon Tribes. In fact, 
the Coquille Tribe name may mean “eel”, a 
reference to lampreys (Byram 2002).

Western Brook Lamprey 
In contrast with Pacific lamprey, western 
brook lamprey spend their entire lives in fresh 
water and probably remain close to their 
natal streams (ODFW 2005). Western brook 
lamprey ammocoetes spend up to 6 years 
burrowing in the fine sediments of slow-mov-
ing streams. Upon emergence, they are sexu-
ally mature and stop feeding; about 6 months 
later they spawn and die (Gunckel et al. 2006; 
Kostow 2002). 

Western brook lamprey are currently ranked 
by NaturServe as globally “apparently secure” 
but in Oregon they are considered a species 
at risk (Santos et al. 2014). ODFW lists them 
as “Sensitive or vulnerable” (ORBIC 2013; 
ODFW 2006). 

Why is it happening?

Degradation of spawning and ammocoete 
habitats is likely the main cause of declin-
ing lamprey populations. Degradation can 
include: dewatering of stream reaches, which 
strands burrowing ammocoetes in exposed 
substrates; impediments to passage (e.g., 
incorrectly installed culverts); reduced water 
quality (e.g., higher water temperatures); 

stream bottom dredging (e.g., mining ac-
tivities); and predation by non-indigenous 
species (e.g., striped bass)(USFWS 2010). Am-
mocoetes are particularly vulnerable to these 
habitat changes.
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Sturgeon in the Lower 
Coos Watershed

Figure 1.  Spatial extent of sturgeon species. White 
sturgeon extent based on record of fish distribution and 
activity (ODFW 2007). Green sturgeon extent based on 
federally designated critical habitat (NOAA 2009).

Summary:  
 § Little is 

known 
about the current 
and historic 
distribution, 
abundance, and 
life history of 
sturgeon in the Coos 
watershed.

 § Green sturgeon is federally listed 
as a threatened species. 

 § The longevity, slow growth, and 
delayed maturation of sturgeon 
species make them particularly 
vulnerable to overexploitation. 

Green sturgeon 
Image: Duane Raver, 
International Game Fish Assn.

What’s happening?
Very little is known about the abundance and 
distribution of both white and green sturgeon 
(Acipenser transmontanus and A. mediros-
tris) in the Coos estuary. White sturgeon is 
thought by Monaco and Emmett (1990) to 
be present in the Lower Bay and Upper Bay 

subsystems of the project area (Figure 1). 
They report that white sturgeon can be found 
year round in both the brackish (0.5-25) and 
marine-dominated (>25) zones of the Coos 
estuary. According to Wagoner et al. (1990), 
white sturgeon are not known to reproduce 
in the Coos estuary. 

White sturgeon 
Image: Idaho Dept. of 
Fish and Game
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Figure 2. Northern (green) and southern (red) distinct popula-
tion segments for the green sturgeon. Data: NOAA 2009

According to the Oregon Department of 
Fish and Wildlife (ODFW 2005b), the cur-
rent and historical abundance of coastal 
white sturgeon stocks are unknown. They go 
on to explain that, due to highly migratory 
behavior, the current distribution of white 
sturgeon may not reflect its historic distribu-
tion. However, on the assumption that the 
lower Columbia River is primarily responsible 
for the production of coastal stocks, ODFW 
suggested in 2005 that the abundance of 
coastal white sturgeon was at low risk for fail-
ing below at least 25 percent of the historic 
abundance levels.  

Though not abundant in any Pacific coast 
estuary, a small population of green sturgeon 
is thought to exist in the Coos estuary (Mo-
naco and Emmett 1990, Wagoner et al. 1990, 
ODFW 2005a). ODFW reports that green stur-
geon have been observed on rare ocassion 
at the forks of the South Coos and Millicoma 
Rivers, as well as in Isthmus Slough during 
their seining surveys. The National Oceanic 
and Atmospheric Administration (NOAA 2009) 
has designated critical habitat areas for green 
sturgeon in each of the nine subsystems. 
Green sturgeon are not know to reproduce 
in the Coos watershed (Monaco and Emmett 
1990; Wagoner et al. 1990).

The available data on current and historic 
green sturgeon abundance are inconclusive 
(ODFW 2005a). The Oregon Biodiversity 
Information Center (ORBIC 2013) lists two 
distinct populations of green sturgeon (Figure 
2). Currently, the northern green sturgeon 
population is is federally listed as a species of 

concern, and the southern population is listed 
as threatened.   

Why is it happening?
Information about abundance, distribution, 
and ecology of both white and green stur-
geon in the Coos watershed is sparse, and 
more research and monitoring are needed to 
address this data gap (Wagoner et al. 1990). 
However, the status of local sturgeon popula-
tions is likely the product of several environ-
mental and anthropogenic influences. 

The longevity, slow growth, and delayed mat-
uration of sturgeon species make them partic-
ularly vulnerable to overexploitation. Exces-
sive harvest in the Colombia River has caused 
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the collapse of sturgeon stocks in the past 
(Devore et al. 1995). Prior to 1990, the recre-
ational harvest of white sturgeon in the Coos 
watershed was small but increasing (Wagoner 
et al. 1990). Harvest numbers increased in 
the Coos Bay and Coos River in the mid and 
late 90s, but have since followed a decreasing 
trend (Figure 3). Green sturgeon is incidental-
ly caught while fishing for other species, most 
notably in the salmon and white sturgeon 
fisheries of the Columbia River (Monaco and 
Emmett 1990; ODFW 2005a). ODFW (2013) 
reports that some green sturgeons were 
caught in the Coos estuary by recreational 
anglers in the late 90s and early 2000s. This 
trend peaked in 1998 with a reported catch of 
33 fish, and has since decreased. The most re-
cent green sturgeon landing by a recreational 
angler in the Coos watershed was reported in 
2003.  

Hydroelectric development in critical stur-
geon habitat has affected sturgeon abun-
dance in Oregon waters. The installation of 
hydroelectric facilities may be a significant 
factor in the loss of sturgeon habitat, and 
development on the main stem of the Colum-
bia River may have reduced white sturgeon 
productivity (Devore et al. 1995). Parsley et 
al. (1993) explain that development on the 
Columbia River may have isolated historically 
migratory populations of sturgeon by altering 
the hydrology of the river, though they also 
suggest that the precise effects of Columbia 
River alterations remain speculative since 
existing knowledge about habitat use of 
sturgeon species is limited. Similarly, research 
suggests that spawning populations of green 

sturgeon in the Rogue River may be negative-
ly impacted by the artificial flow manipulation 
either directly through egg and larval devel-
opment issues or indirectly through a reduc-
tion in the forage base (Erickson et al. 2002). 
The impacts of altered stream hydrology in 
the Rogue River is of particular concern, be-
cause green sturgeon spawning on the west 
coast has been confirmed only in the Rogue 
(Oregon), Sacramento and Klamath Rivers 
(California)(Moyle et al. 1995).   

Background
White sturgeon are anadromous fish that 
spend the majority of their life in estuaries 
but return to freshwater to spawn, some-
times migrating distances of hundreds of 
kilometers (100 kilometer = 62 miles) across 
different estuarine and riverine systems (UC 
Davis 2014). The spawning timing of these 
species is highly variable (Bemis and Ky-
nard 1997). However, Monaco and Emmett 
(1990) suggest that white sturgeon move 
upstream to spawning grounds in late winter 
and spring, and green sturgeon move into 
the estuary for spawning in spring and early 
summer. These species spawn in freshwater, 
and are able to spawn repeatedly, but most 

Figure 3. Time series trends for the recreational harvest of 
white sturgeon in Coos Bay and on the Coos River from 1995 to 
2012. Data: ODFW 2013
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females do not spawn every year (Bemis and 
Kynard 1997). White sturgeon take 12-15 
years to reach sexual maturity (Monacco and 
Emmett 1990) and have a long life span that 
may exceeded 100 years (UC Davis 2014; 
ODFW 2005a).

Distribution and habitat information for both 
white and green sturgeon:

 § The distribution of white sturgeon is a 
function of age and salinity tolerance, 
with younger fish favoring the upstream 
or freshwater end of estuaries and older 
fish inhabiting the more marine-dominat-
ed regions closer to the Ocean (UC Davis 
2014). 

 § Green sturgeon adults spend most of 
their time in nearshore ocean habitats 
(ODFW 2005a). 

 § Estuarine habitat requirements for green 
sturgeon include cobble for spawning and 
clean sand for juvenile and adults.  

 § White sturgeon adults can inhabit fresh, 
estuarine or marine waters over a variety 
of substrates, from sandy-mud to cobble 
(Monaco and Emmett 1990). 
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Other Fishes 
in the Coos Estuary
Summary: 

 � Over 70 species of non-salmonid 
fish use the Coos system at some 
point in their lives, including 
one endemic species (Millicoma 
dace), yet surprisingly little 
is known about the ecology, 
population or distribution of 
these fishes.

 � The Coos system appears to 
provide a variety of habitat types 
that support high fish species 
richness.

Figure 1. Study locations where Other Fish data were collected.

What’s happening?

At least 70 non-salmonid fish species (“other 
fishes”) inhabit the Coos estuary and associat-
ed rivers at some point in their life cycle (see 
Table 1 for a list of those documented in the 
last 5 years). “Other” fishes use the estuary 
and its tributaries variously: some marine 
fishes may live in the lower, more saline 
reaches of the estuary as adults (e.g., Caba-

zon and lingcod inhabiting the waters around 
rock jetties); some live most of their adult 
life in the ocean, but come into the estuary 
to spawn (e.g. Pacific herring or topsmelt); 

Speckled sanddab
Photo: U of OR

Pacific Staghorn sculpin
Photo: the outershores.com

Pacific sand lance
Photo: NOAA
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some spawn in the ocean as adults, but their 
larvae or juveniles enter the estuary to take 
advantage of productive nursery habitat (e.g. 
rockfish living in eelgrass beds). Other fishes 
live in the brackish waters (e.g. shiner perch) 
or fresh waters (e.g. stickleback, longnose 
dace) of the Coos estuary through all stages 
of their life cycles. 

Unfortunately, distribution and abundance 
of Other Fish species in the Coos estuary are 
poorly understood since these species have 
not, for the most part, been the subject of 
targeted studies. 

This document summarizes available informa-
tion describing the distribution, abundance 
and conservation status of Other Fish species 
found in the Coos estuary. Brief Other Fishes 
summaries, organized in alphabetical order by 
species common name, are divided into the 
three sections corresponding to adult phase 
habitats: Marine Fishes, Estuary Fishes, and 
Freshwater Fishes. The final summary, Infre-
quently Encountered Fishes, details available 
information about fishes who appear to be 
only occasional Coos estuary residents.

The presence and distribution information 
in these summaries rely primarily on the 
findings of the Oregon Department of Fish 
and Wildlife’s long-term seining program 
(1965-present)(ODFW 2013b) and fish seining 
conducted by scientists and students at the 
Oregon Institute of Marine Biology in 2013 
(OIMB 2013)(Figure 1). ODFW’s long-term 
seining program initially sampled all fishes 
in the Coos system but ultimately shifted 
to monitoring only Chinook salmon. Other 
Fishes are still identified and counted during 

Chinook sampling, but large numbers of 
non-salmonid species are estimated. There 
are additional limitations to the data in the 
sampling methods used. Seining methods 
have remained standard over the years, but 
fish identification varies by staff abilities 

Table 1. List of documented fish species in the Coos system in 
the past 5 years (2008-2013). Compiled from: ODFW 2013a, 
ODFW 2013b, ODFW 2012, OIMB 2013, McPhail and Taylor 
2009, G. Vonderohe, pers. comm., 2014. 
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and species are typically not verified using 
keys. Identification of rare fishes is especially 
questionable. In addition, the seining effort 
was not identical in all years (some sites were 
missed— especially after the sampling focus 
shifted to Chinook) and during some years 
sampling was skipped altogether. Finally, sein-
ing methods may have inadvertently intro-
duced bias into the sampling since seining is 
not effective at capturing all fish (e.g., larger 
more mobile fish species). 

Oregon Institute of Marine Biology’s (OIMB) 
fish data were collected during day and night-
time trawls at two locations in the lower Coos 
estuary (Figure 1) during summer 2013 as 
part of its Biology of Fishes class. OIMB scien-
tists and students also seined at six locations 
in the lower estuary (Figure 1). The goal of 
the study was to examine the diversity of fish 
species in a variety of habitats. Identification 
of fish to the species level was an important 
component of the class. Species identification 
was attempted in the field by students and 
in most cases a specimen was brought back 
to the lab for confirmation by keying out fish 
using the following guides: Miller and Lea 
1972; Hart and Clemens 1973; Eschmeyer and 
Herald 1983; Kramer et al. 1995. In all cases, 
final confirmation of species identification 
was provided by Biology of Fishes Professor, 
Wade Smith, a specialist in marine fishes. 

The Other Fish life history information re-
ported in these summaries relies primarily on 
the work of Monaco and Emmett, specifically 
Volume II of their two-part series describing 
fishes and invertebrates in US west coast 
estuaries (Monaco and Emmett 1990). 

The Other Fishes summaries are followed by 
a section describing researchers’ most recent 
understanding of how Other Fishes are using 
the Coos estuary.

Marine Fishes in the Coos Estuary (see Figure 
2 and Table 2) 

American shad (Alosa sapidissima) is a 
non-native anadromous fish species and is 
described with other non-native species in 
Chapter 18: Non-Indigenous and Invasive 
Species. 

Brown Irish lord (Hemilepidotus spinosus) 
were found most recently near Clam Island in 
the lower Coos estuary in 2013 (OIMB 2013) 
and have been caught infrequently in the 
lower estuary by ODFW (ODFW 2013b).

Butter sole (Pleuronectes isolepis), one of 
two dominant flatfishes found off the Ore-
gon Coast (the other being English sole- see 
below) and considered common in the Coos 
estuary (W. Smith, pers. comm., 2014), were 
found in 2013 near Clam Island in the lower 
estuary (OIMB 2013). Over 20 individuals 
were netted and released. Butter sole have 
a relatively short spawning period (Febru-
ary-May)(Richardson et al. 1980). No other 
data on species abundance or distribution are 
available.  

Cabezon (Scorpaenichthys marmoratus), a 
species of sculpin, have been regularly found 
as juveniles in the lower estuary by ODFW 
(ODFW 2013b), and near Clam Island, also 
in the lower estuary, by OIMB (OIMB 2013).  
Over the course of a 2+ year study, Schloss-
er and Bloeser (2006) found Cabazon to be 
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nearly as abundant as black rockfish during 
the course of their study (Figure 3), and most 
abundant near mud and sandy substrates 
associated with drift algae. 

English sole (Pleuronectes vetulus) juveniles 
were found on multiple sampling runs by 
ODFW in the Coos River system, and have 
been consistently captured in the lower estu-
ary and South Slough systems, sometimes by 
the hundreds (ODFW 2013b). Numerous En-
glish sole juveniles were caught in 2013 near 
Clam Island and near the North Jetty by OIMB 
(OIMB 2013). For the west coast as a whole, 
English sole harvests, subject to both regula-
tory and market-driven fluctuations, were at 
near historic lows at the time of a National 
Marine Fisheries Service report by Stewart 
(2005). The same report shows English sole 
spawning biomass increased from 1995 to 
2005. 

While English sole adults are rarely found in 
estuaries, juveniles are common in estua-
rine habitats which function as juvenile fish 
nurseries (Lassuy 1989a). Not surprisingly, in 
the Coos system, juveniles can be found year-
round in the estuary, most abundantly April 
to November (Monaco and Emmett 1990).

Rooper et al. (2003) studied habitat types in 
multiple estuaries along the west coast and 
determined the highest density of juvenile 
English soles were found in “Lower Side Chan-
nel” habitat, which in the Coos system they 
designated as the South Slough. They also 
found the average English sole juvenile densi-
ty decreased with decreasing salinities; small-
er juveniles appeared to be more sensitive to 
salinity changes. English sole juveniles were 

also highly correlated with bottom habitat, 
preferring medium or fine grain sand. 

In a species profile by Lassuy (1989a), En-
glish sole juveniles were said to aggregate in 
estuary nursery areas for about a year before 
moving towards progressively deeper waters 
and ultimately leaving the estuary as 5 ½” 
to 6” (140-150mm) juveniles. Additionally, 
Lassuy (1989a) and Kruse (1984) describe 
how females of this commercially important 
species are harvested in higher numbers (90% 
of total catch) in commercial fisheries since 
males rarely reach harvestable size. 

English sole is also an important fish for 
understanding water and sediment pollution 
levels since the fish are prone to accumulat-
ing contaminants in their flesh, which can 
form visible cancerous lesions or tumors 
(Sigmon et al. 2006). 

Eulachon (Thaleichthys pacificus), a small 
anadromous fish, is a federally listed threat-
ened species (Oregon Biodiversity Informa-
tion Center 2013). They are found only rarely 
in the Coos estuary (Monaco and Emmett 
1990). 

Fluffy sculpin (Oligocottus snyderi) is a very 
small fish that has only been documented 
several times in the lower estuary by ODFW. 
The last time it was found by ODFW was in 
2010 (ODFW 2013b). Smith notes that fluffy 
sculpin are likely to be poorly sampled by 
seines (W. Smith, pers. comm., 2014)

Jacksmelt (Atherinopsis californiensis) schools 
have been documented inside the estuary on 
several occasions by ODFW, most recently in 
1998 (ODFW 2013b).
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Kelp greenling (Hexagrammos decagrammus) 
were found by Schlosser and Bloeser (2006) 
to inhabit kelp beds with mud bottoms in the 
Coos estuary, being the third most abundant 
catch during their study, behind black rock-
fish and Cabezon (Figure 3). Wagoner et al. 
(1990) reported that Kelp greenling are often 
found in lower portions of the Coos estuary. 
They’ve also been documented on numerous 
occasions in the lower estuary and mouth of 
South Slough by ODFW, who last caught kelp 
greenling in 2013 (ODFW 2013b). Recently, a 
greenling was caught near the North Jetty in 
the lower estuary by OIMB (OIMB 2013). 

Lingcod (Ophiodon elongatus) adults have 
infrequently been found by ODFW in the 
lower estuary; they last documented several 
in 2013 (ODFW 2013b). Juvenile lingcod were 
found near Clam Island and near the North 
Jetty by OIMB in 2013 (OIMB 2013). Lingcod 
are rarely found in the Coos estuary as adults, 
although larvae and juveniles are found fairly 
regularly— generally in January and February 
(larvae); or April through August (juveniles)

(Monaco and Emmett 1990). Wagoner et al. 
(1990) described the data gaps in scientists’ 
understanding of lingcod stocks but noted the 
existence of a recreational fishery off the rock 
jetties in lower portions of the Coos estuary. 

Longfin smelt (Sprinchus thaleichthys) are 
small anadromous fish found only once (in 
1978) by ODFW in the Coos estuary (ODFW 
2013b). Longfin smelt life stages all occur 
within the estuary (Monaco and Emmett 
1990): in the fall, juveniles and adults use the 
upper tidal freshwater reaches of the estuary; 
during the winter, adults spawn in these re-
gions and then die; in the spring and summer, 
juveniles move to the marine-dominated 
lower portions of the estuary (Monaco and 
Emmett 1990). 

Northern anchovy (Engraulis mordax) have 
been found by ODFW on numerous occasions 
in both the Coos estuary and Coos River, most 
recently in 2012 (ODFW 2013b). ODFW re-
ports having sometimes caught Northern An-
chovy in the hundreds. Adults and juveniles 
migrate into the Coos estuary during summer 
months. Adults are found most abundantly 
June through November and juveniles April 
through November (Monaco and Emmett 
1990). Northern anchovy are a commercially 
important bait fish as well as important prey 
for many birds species, including the Cali-
fornia brown pelican (Monaco and Emmett 
1990).

Pacific herring (Clupea pallasii) is a school-
ing fish that returns to its natal estuary to 
spawn. Adults can be found in the Coos 
estuary January through September, but are 
most abundant at spawning times – January 

Figure 3: Counts of each species combined for all sampling 
events at Coos Bay from June 2003 to December 2005. Red 
bars represent rockfish species, the orange bar is cabezon and 
green is kelp greenling. Data: Schlosser and Bloeser 2006. 



13-63Fish in the Lower Coos Watershed 

through April (Monaco and Emmett 1990). 
The Coos estuary is one of the Oregon coast’s 
major herring spawning destinations (Lassuy 
1989b). 

Juvenile Pacific herring can be found in the 
estuary April through November, but are most 
abundant June through September (Monaco 
and Emmett 1990). During a spawning event, 
eggs are attached to solid substrates such as 
eelgrass or rocks. Juveniles remain in inshore 
waters for the first few months before moving 
offshore, although some populations remain 
in estuarine waters (Stevenson 1962). The 
most recent information on distribution, time 
of spawning, and egg biomass in the Coos 
estuary was quantified by Miller and McRae 
in 1978. They found that the most extensively 
used spawning habitats were the eelgrass 
beds in the lower parts of estuary, while the 
densest spawning occurred on cargo docks in 
mid and upper parts of estuary. They noted 
that the rocky substrate at Fossil Pt. account-
ed for about one quarter of all spawning bio-
mass in the Coos estuary (Figure 4) during the 
1977-78 spawning season, which totaled an 
estimated 144.5 tons of eggs. This estimate 
should be considered minimal due to bird 
predation prior to sampling (e.g., Black Brant 
goose), eliminating as much as 90% of the 
eggs in the first week after spawning. ODFW 
reported finding juvenile Pacific herring main-
ly in the lower regions of the estuary often in 
extremely high numbers (>1,000 individuals 
per seine on multiple occurrences)(ODFW 
2013b). Most recently (2013) ODFW again 
documented very high numbers estimated at 
about 1,000 individuals during two separate 
seining events. Pacific herring were also fund 

near Stacey Beach by OIMB in 2013 (OIMB 
2013).

Pacific sand sole (Psettichthys melanostictus) 
is a native flat fish that ODFW has frequently 
found during fish seining (ODFW 2013b). Pa-
cific sand sole were found almost exclusively 
in the lower estuary and South Slough, some-
times in moderately large numbers (20-75 
individuals).

Pacific sardine (Sardinops sagax) is a school-
ing pelagic fish considered a keystone species 
due to the dozens of marine birds and mam-
mals that depend on them as a major food 
source. Miller and Shanks (2004) found that 
Pacific sardine juveniles rearing in the Coos 
estuary were significantly larger than those 
from an adjacent outer coast site (Sunset 
Bay), though they were found less frequently 

Figure 4: Site locations of Miller and McRae study on Pacific 
herring, including location of the Fossil Pt. station. Data: Miller 
and McRae 1978. 
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in the estuary. The most recent stock assess-
ment (2012) for the northern subpopula-
tion of this species (which includes Oregon) 
concludes that they are not being overfished 
(Hill et al. 2012), though there is preliminary 
evidence from 2013/2014 landings that 
populations have declined since this report 
(Barboza 2014; Dillman 2013), possibly due to 
this species’ naturally fluctuating populations 
(e.g., effects of cold phase Pacific decadal os-
cillation). ODFW found Pacific sardines in the 
Coos estuary in 2010 but have not collected 
any since (ODFW 2013b).

Pacific tomcod (Microgadus proximus) is 
a schooling marine species often found as 
adults and juveniles in estuaries during May 
through August, mostly in the mixed and 
seawater zones (salinity > 0.5) of the Coos 
estuary (Monaco and Emmett 1990). Pacific 
tomcod have been found three times in the 
lower estuary by ODFW, most recently in 
1999 (ODFW 2013b).

Red Irish lord (Hemilepidotus hemilepidotus) 
is a fish in the sculpin family noted by Wagon-
er et al. (1990) to be found in lower portions 
of the Coos estuary, although population data 
are unavailable for this species. ODFW has 
found them twice in the lower estuary, most 
recently in 2000 (ODFW 2013b).

Rockfish (Sebastes spp.), such as black and 
copper rockfish (Sebastes melanops and S. 
caurinus), are generally only found in the 
Coos estuary as juveniles. Miller and Shanks 
(2004) found more juvenile Pacific rockfish 
inside the Coos estuary than at an adjacent 
coastal site (Sunset Bay). Schlosser and Bloes-
er (2006) trapped juvenile rockfish, Cabazon 

and greenlings monthly from 2003-2005 at 
multiple estuaries and found that rockfish 
preferred eelgrass or sand bottom associated 
with drift algae habitat in the Coos estuary. 
Black rockfish were by far the most common 
rockfish found in the Coos estuary during 
their study (Figure 3). OIMB found black 
rockfish near the North Jetty in the lower 
Coos estuary (OIMB 2013). Multiple rock-
fish of unknown species were also collected 
during a seining event near Clam Island by 
the same group. ODFW has frequently found 
copper and black rockfish juveniles in their 
seining and has also occasionally found brown 
rockfish (Sebastes auriculatus), blue rockfish 
(Sebastes mystinus), and bocaccio rockfish 
(Sebastes paucispinis)(ODFW 2013b).

Rockweed gunnel (Apodichthys fucorum) have 
only occasionally been documented inside 
the lower Coos estuary, most recently in 2000 
by ODFW (ODFW 2013b).

Silver spotted sculpin (Blepsias cirrhosis) 
have been found by OIMB at Tunnel Beach 
in the lower Coos Bay in 2013 (OIMB 2013). 
ODFW has documented silver spotted scul-
pin a handful of times, most recently in 2009 
(ODFW 2013b).

Striped bass (Morone saxatilis) are an intro-
duced sport fish and as such will be discussed 
in the Chapter 18: Non-Indigenous and Inva-
sive Species. 

Striped seaperch (Embiotoca lateralis), known 
to occur and spawn in the Coos estuary, were 
found near the North Jetty in the lower estu-
ary by OIMB in 2013 (OIMB 2013). ODFW has 
generally found these fish at lower estuary 
sites, most recently in 2011 (ODFW 2013b).
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Surf smelt (Hypomesus pretiosus) is an im-
portant recreational fish as well as a valuable 
prey species for many birds and mammals. 
Surf smelts are abundant year-round in the 
Coos estuary as juveniles (especially April 
through October) while adults are gener-
ally only found in high numbers from June 
through August (Monaco and Emmett 1990). 
Larvae can also be found in the Coos estuary, 
but only in high salinity regions (>25)(Monaco 
and Emmett 1990). Juvenile and adult surf 
smelts were found in large numbers (~580 
individuals) at Coast Guard Cove in the lower 
estuary, and in smaller numbers at Tunnel 
Beach and Sitka Dock by OIMB in 2013 (OIMB 
2013). ODFW has found surf smelts in lower 
regions of the estuary, but occasionally high 
numbers appeared in the Coos River systems 
(ODFW 2013b). In 2013, ODFW found high 
numbers of both adults and juvenile surf 
smelt (estimated >1,000 individuals per seine 
on multiple occurrences), most recently in 
lower Coos estuary sampling sites. 

Tidepool sculpin (Oligocottus maculosus) 
were found by OIMB in 2013 in several seines 
in the Joe Ney Slough (OIMB 2013). ODFW 
also found these fish in 2000 at their Sitka 
dock site in the lower estuary (ODFW 2013b). 
Miller and Shanks (2005) found several tide-
poll sculpin individuals near the entrance to 
Joe Ney Slough in 2000.

Tidepool snailfish (Liparis florae) were found 
by ODFW in the lower Coos estuary at the 
Empire boat ramp in 2010 (ODFW 2013b).

Topsmelt (Atherinops affinis) is a schooling 
marine fish that spends much of its life in the 
marine-dominated (salinity >25) parts of estu-
aries (Monaco and Emmett 1990). All tops-
melt age classes are highly abundant in the 
Coos estuary, especially during times of peak 
spawning (May through July), where eggs 
are laid primarily on eelgrass or tideflat algae 
in the estuary (Monaco and Emmett 1990). 
ODFW found topsmelt in the upper and lower 
portions of the estuary, as well as the Coos 
River; most recently in 2012 (ODFW 2013b).

Wolf Eel (Anarrhichthys ocellatus) can be 
found around jetties in the lower estuary, or 
at Fossil Pt., although information on abun-
dance and life history in the Coos estuary is 
lacking for this species (Wagoner et al. 1990).

Estuarine Fishes in the Coos Estuary (see 
Figure 5 and Table 3) 

Arrow goby (Clevelandia ios) is an estuary-de-
pendent fish whose life stages all occur in the 
estuary (Monaco and Emmett 1990). Fre-
quently associated with ghost shrimp burrows 
(Callianasa californiensis), in the Coos estuary 
arrow gobies have been found using (mainly 
unoccupied) ghost shrimp burrows at Jordan 
Cove (Hoffman 1980). They’re found in inter-
tidal areas in spring and summer and in sub-
tidal channels during fall and winter (Monaco 
and Emmett 1990; Hoffman 1980). ODFW has 
found arrow gobies mainly in the upper estu-
ary as recently as 1997 (ODFW 2013b).
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Bay Goby (Lepidogobius lepidus) also use 
ghost shrimp burrows in intertidal flats as well 
as eelgrass beds. They can be found through-
out the length of the Coos estuary, although 
specific data on their population are lacking 
(Wagoner et al. 1990). In a long term moni-
toring program by ODFW (1965-present), bay 
goby were found on multiple occasions in 
upper and lower regions of the estuary, most 
recently in 2000 (ODFW 2013b).

Bay Pipefish (Syngnathus leptorhynchus) are 
frequently found in estuarine habitats, es-
pecially eelgrass beds (Wagoner et al. 1990). 
ODFW has consistently found both adult and 
juvenile bay pipefish throughout the Coos 
estuary, as far up as the confluence of the 
Millicoma and South Fork Coos Rivers (ODFW 
2013b). They were found by OIMB in 2013 in 
Joe Ney Slough (OIMB 2013). 

Buffalo Sculpin (Enophrys bison) are often 
found in intertidal eelgrass beds in the lower 
Coos estuary (Wagoner et al. 1990). ODFW 
has regularly found small numbers of buffalo 
sculpin in the lower estuary, most recently in 
2012 (ODFW 2013b). OIMB found several buf-
falo sculpin near Clam Island and the North 
Jetty in the lower estuary in 2013 (OIMB 
2013). 

Northern Clingfish (Gobiesox maeandricus) 
can be found in waters near rock jetties in the 
lower estuary, or at Fossil Pt. (Wagoner et al. 
1990).

Pacific sand lance (Ammodytes hexapterus) 
are a slender schooling fish that have the 
unique habit of burrowing into sand – a 

behavior mainly exhibited during non-repro-
ductive periods in the late fall to early spring, 
as well as at night during the rest of the year 
(Hiss 1985). In the Coos estuary, they’re most 
commonly found in seawater zones (salinity 
>25) April through October (Monaco and 
Emmett 1990). ODFW has found Pacific sand 
lance in the lower Coos estuary as recently as 
2013, frequently in exceedingly high numbers 
of both adults and juveniles (multiple seines 
greater than 500 individuals)(ODFW 2013). 
The presence of both age classes supports the 
idea that Pacific sand lance is not a migratory 
species (Hiss 1985). Pacific sand lance require 
clean sandy areas in which to burrow, gen-
erally in high flow areas in order to maintain 
good oxygenation. This habitat is often found 
at the mouths of estuaries (Monaco and Em-
mett 1990). Pacific sand lance are important 
prey for many bird species, as well as many 
fish species, including juvenile salmonids.

Pacific sanddab (Citharichthys sordidus) 
are a medium flatfish that have been found 
only occasionally in the Coos estuary (lower 
estuary or mouth of South Slough) by ODFW, 
most recently in 2000 (ODFW 2013b).

Pacific sandfish (Trichodon trichodon) are 
mainly found in sandy habitat in lower reach-
es of the Coos estuary (Wagoner et al. 1990). 

Pacific Staghorn sculpin (Leptocottus arma-
tus) are found in great abundance year-round 
in all parts of the estuary mostly in sandy 
habitats (Monaco and Emmett 1990). ODFW 
has routinely found abundant numbers of 
both juvenile and adult staghorn sculpin near 
Dellwood on the South Fork Coos River, near 
Allegany on the Millicoma River, past Shingle-
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house Slough in Isthmus Slough, and through-
out the Coos estuary (ODFW 2013b)(Figure 
5). OIMB found Pacific staghorn sculpin near 
Clam Island and near the North Jetty in the 
lower estuary in 2013 (OIMB 2013). Multiple 
individuals were also found by OIMB at Tun-
nel Beach, Stacey Beach and Joe Ney Slough.

Penpoint Gunnel (Apodichtys flavidus) are 
often found in eelgrass beds in the lower es-
tuary (Wagoner et al. 1990). ODFW has found 
penpoint gunnel infrequently, generally be-
tween the McCullough bridge and the mouth 
of the Coos estuary, as recently as 2013 
(ODFW 2013b). Miller and Shanks (2005) 
found penpoint gunnel each year (1998-2001) 
near the entrance to South Slough in num-
bers as high as 578 (1999). 

Pile perch (Damalichthys vacca) have been 
found as both juveniles and adults at the 
mouth of South Slough and in lower and 
upper portions of the estuary on numerous 
occasions by ODFW, most recently in 2002 
(ODFW 2013b). 

Redtail surfperch (Amphistichus rhodoterus) 
have been found in both lower and upper 
portions of the Coos estuary by ODFW as 
recently as 2013 (ODFW 2013b). 

Saddleback Gunnel (Pholis ornate) are often 
found in eelgrass beds in the lower Coos es-
tuary (Wagoner et al. 1990). ODFW has found 
saddleback gunnel on numerous occasions 
in the lower estuary, most recently in 2013 
(ODFW 2013b). OIMB found several near 
Clam Island and the North Jetty in the lower 
Coos estuary and in Joe Ney Slough in 2013 
(OIMB 2013). 

Shiner perch (Cymatogaster aggregata) are 
commonly found in all parts of the Coos 
estuary and are known to spawn here (Wag-
oner et al. 1990). Both adult and juvenile 
shiner perch are commonly found by ODFW 
throughout the Coos estuary and the Coos 
and Millicoma River sampling areas in high 
numbers (>1,000 individuals per seine on 
multiple occurrences)(ODFW 2013). Numer-
ous shiner perch were also captured at Joe 
Ney Slough by OIMB in 2013 (OIMB 2013). 
Although no recent studies have specifically 
investigated the population and distribution 
of this species, Wagoner et al. (1990) noted 
that shiner perch historically contributed to 
the majority of fishes retained by anglers –
they cite that 58% of total fish caught in Coos 
Bay in 1971 were from the surfperch family. 
Monaco and Emmett (1990) describe shiner 
perch as highly abundant in the Coos estuary 
with highest numbers found between May 
and August. They also reported that July is 
the peak month of parturition (shiners give 
birth to live young), which means that ju-
venile shiner perch are most abundant July 
through October. Shiner perch are commonly 
associated with aquatic vegetation, docks or 
pilings – on sand or muddy bottoms (Bane 
1968). 

Silver surfperch (Hyperprosopon ellipticum) 
have been found by ODFW on numerous 
occasions (primarily juveniles), most recently 
in 2009 (ODFW 2013b). No information on 
habitat use in the Coos estuary is available. 

Snake Prickleback (Lumpenus sagittal) are 
often found in eelgrass beds in the lower 
estuary (Wagoner et al. 1990). ODFW has 
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occasionally found snake prickleback (primar-
ily in the lower estuary), as recently as 2013 
(ODFW 2013b). OIMB found one individual 
near Clam Island in 2013 (OIMB 2013). 

Speckled Sanddab (Citharichthys stigmaeus) 
are mainly found in lower Coos estuary sandy 
habitats (Wagoner et al. 1990). ODFW found 
speckled sanddab in the lower estuary as 
recently as 2013 (ODFW 2013b). OIMB found 
numerous speckled sanddabs near Clam 
Island and near the North Jetty in the lower 
estuary in 2013 (OIMB 2013).

Starry flounder (Platichthys stellatus, formerly 
Pleuronectes stellatus) are flatfish found in 
all parts of the estuary as far up as the heads 
of tide. ODFW found juvenile starry floun-
der near Dellwood on the South Fork Coos 
River, near Allegany on the Millicoma River, 
past Shinglehouse Slough in Isthmus Slough, 
and in the main part of the Coos estuary, as 
recently as 2013 (ODFW 2013b). Wagoner et 
al. (1990) report that starry flounder abun-
dance has been down since the early 1970’s.  
Monaco and Emmett (1990) report that starry 
flounder adults and juveniles can be found in 
low numbers year-round in the Coos estuary 
in both mixed and marine-dominated zones 
(salinity > 0.5). They also report that juveniles 
are most abundant during May - August. 
Preferred habitat for starry flounder is sand or 
mud soft bottoms.

Three-spined stickleback (Gasterosteus acu-
leatus) are found year-round throughout the 
Coos estuary and into freshwater rivers and 
streams, in slow moving waters with soft mud 
or sand bottoms. Juveniles and adults form 
loose schools and are most abundant in the 

Coos estuary during August - October (Mo-
naco and Emmett 1990). ODFW has found 
three-spined stickleback frequently and in 
large numbers (100’s of individuals on multi-
ple occasions) almost exclusively in the Coos 
River system, most recently in 2011 (ODFW 
2013b). 

Coos Watershed Association (CoosWA) has 
found this species at Larson and Palouse 
Creeks in the Haynes Inlet drainage, during 
their annual Coho life-cycle monitoring proj-
ect. They were caught all years in both creeks 
(2005 – present), and in higher numbers in 
Palouse Creek (>100 + most years)(CoosWA 
2012). 

Three-spined stickleback have been doc-
umented during ODFW’s Coho life-cycle 
monitoring project in the Winchester Creek 
of South Slough, again often by the hundreds 
annually (Suring et al. 2012)

Tubenose Poacher (Pallasina barbata) is 
mainly found in lower reaches of the Coos 
estuary, in sandy bottom habitat or eelgrass 
beds (Wagoner et al. 1990). 

Tubesnout (Aulorhynchus flavidus) are often 
found in eelgrass beds in the lower estuary 
(Wagoner et al. 1990). ODFW (2013b) and 
Miller and Shanks (2005) found tubesnout 
in both the lower and upper portions of the 
Coos estuary, as recently as 2010.

Walleye surfperch (Hyperprosopon argente-
um) were found as recently as 2013 by ODFW 
from the lower Coos estuary to the mouth of 
the Coos River (ODFW 2013b).

White seaperch (Phanerodon furcatus) were 
found as recently as 2004 by ODFW in most 
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sections of the estuary and in the Coos River 
(ODFW 2013b).

Freshwater Fishes in the Coos Estuary (see 
Figure 6 and Table 4) 

Coastrange Sculpin (Cottus aleuticus) is a 
small sculpin which lives in riffles and glides 
of freshwater streams and is fished recre-
ationally (mostly as a bait species)(Wagoner 
et al. 1990). ODFW has found coastrange 
sculpin in both the Millicoma and South Fork 
Coos Rivers as recently as 2010 
(ODFW 2013b).

Large Scale Sucker (Catostomus macrochei-
lus) is native to the Coos River system and 
fished recreationally (mostly as a bait species)
(Wagoner et al. 1990). ODFW has caught 
large scale suckers only on several occasions, 
exclusively in the Coos and Millicoma River 
systems, sometimes by the hundreds, and 
most recently in 2009 (ODFW 2013b). 

Longnose dace (Rhinichthys cataractae) 
are small freshwater minnows that live in 
fast-flowing streams among gravel substrates. 

Figure 6: Location of freshwater fish species documented in the Coos River system, historically and currently (date ranges shown 
top left of each map). This is an under-representation, since only stations where GPS coordinates were documented are shown.  
Compiled from: ODFW 2013b, McPhail and Taylor 2009. 

Table 4: Years freshwater fish were documented in the Coos estuary. Grayed out portions coincide with years no seining took place 
for the ODFW seining project. Compiled from: ODFW 2013b, McPhail and Taylor 2009. 
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They are important prey for larger fishes in-
cluding salmonids (Bisson and Reimers 1977). 
Locally, this species is known as the Millicoma 
dace and is recognized as a separate race, if 
not a separate subspecies, endemic to the 
Coos River system (ORBIC 2013; ODFW 2006; 
Kavanagh et al. 2005). McPhail and Taylor 
(2009) used DNA techniques to conclude that 
the Millicoma dace are unique enough to 
warrant their own species designation. ODFW 
found dace only infrequently, most recently 
in 2000, where substrate varied between 
sand and gravel to mud (ODFW 2013b). The 
Millicoma dace is federally listed as a species 
of concern (ORBIC 2013) and state rank-
ings say it is “imperiled because of rarity or 
because other factors demonstrably make it 
very vulnerable to extinction or extirpation” 
(ODFW 2006). It has been found on both the 
West and East forks of the Millicoma River as 
well as the South Fork Coos River (Kavanagh 
et al. 2005).

Prickly Sculpin (Cottus asper) are native to the 
Coos River system and are fished recreation-
ally (mostly as a bait species)(Wagoner et al. 
1990). ODFW found prickly sculpin in relative-
ly large numbers (20+ individuals) on numer-
ous occasions in both the Millicoma and Coos 
River systems, and found them most recently 
in 2011 near Dellwood (ODFW 2013b). 

Redside shiner (Richardsonius balteatus) is 
native to the Coos River system and recre-
ationally fished (mostly as a bait species)
(Wagoner et al. 1990). ODFW found redside 
shiners numerous times, almost exclusively in 
the Coos and Millicoma River systems. They 
have frequently been found by the hundreds 

as both juveniles and adults, most recently in 
2010 (ODFW 2013b). 

Reticulate Sculpin (Cottus perplexus) live in 
rubble or gravel substrate of streams, often in 
riffles. They are a native fish in the Coos River 
system and are recreationally fished (mostly 
as a bait species)(Wagoner et al. 1990). 

Speckled dace (Rhinichthys osculus) are native 
to the Coos River system and recreationally 
fished (mostly as a bait species)(Wagoner et 
al. 1990). ODFW have found speckled dace 
on numerous occasions in the Millicoma 
and South Fork Coos, most recently in 2010 
(ODFW 2013b).

Infrequently Encountered Fishes in the Coos 
Estuary (see Figure 7 and Table 5) 

Several fish species have been found very 
infrequently by ODFW during their long-term 
fish sampling program. These fish are either 
rare visitors to the Coos estuary, inhabit 
deeper parts of the estuary (so not typically 
captured by the beach seining techniques 
used by ODFW), or are not readily caught in 
seine nets. These fish include the following 
marine species: C-O sole (Pleuronichthys 
coenosus) caught once in 1996; Crescent 
gunnel (Pholis laeta) seen once in 1997; 
Curlfin turbot (Pleuronichthys decurrens) 
found in two different years, most recently 
1996; the eel-like high cockscomb (Anop-
larchus purpurescens) found twice, last in 
1999; Padded sculpin (Artedius fenestrlis) last 
found in 1979; Rainbow seaperch (Hypsurus 
caryi) last documented in 1977; Rex sole 
(Glyptocephalus zachirus) found once in 1997; 
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Rock greenling (Hexagrammos lagocephalus) 
documented in three different years, most 
recently in 2010; sablefish (Anoplopoma fim-
bria) documented at several stations in 1979; 
and sharpnose sculpin (Clinocottus acuticeps) 
found by Miller and Shanks (2005) each year 
(1998-2001) near the entrance to South 
Slough (highest numbers caught: 18 in 1999; 
caught most recently in 2010). In addition, 
Miller and Shanks found the following larvae 
or juvenile fishes in very small amounts (<5/
year on average) except where otherwise 

Figure 7:Locations of fish species infrequently encountered in the Coos estuary during ODFW’s long term seining program. This 
is an under-representation of Infrequent Visitors, since only stations where GPS coordinates were documented are shown. Dates 
each species was found are shown next to each name. Data from: ODFW 2013b. 

Figure 8: EMAP/CEMAP station locations. Size of symbol is 
proportional to the number of species found at each station 
during the 1999 survey. Data: Hayslip et al 2006; Sigmon et al 
2006. 

Table 5: Years infrequently encountered fish were documented in the Coos estuary. Grayed out portions coincide with years no 
seining took place for the ODFW seining project. Compiled from: ODFW 2013b; Hayslip et al 2006; Miller and Shanks 2005.
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Figure 9: Combined counts of all species found in all trawls for 
all Coos Bay stations during the 1999 sampling season. Data: 
Hayslip et al 2006; Sigmon et al 2006. 

Figure 10: Sampling stations used by Bottom et al 1988

noted: Bald sculpin (Clinocottus recalvus ) in 
2000; Calico sculpin (Clinocottus embryum) in 
1999-2001 (caught in variable numbers- max-
imum was 13 individuals in 2000); Mosshead 
sculpin (Clinocottus globiceps) in 1998, 2000, 
2001 (caught in variable numbers- maximum 
was 14 individuals in 1998); Red Gunnel 
(Pholis schultzi) in 2000; Rock sole (Lepidop-
setta bilineata) in 2001; Ronquil (Ronquilus 
jordani ) in 1999; Rosylip sculpin (Ascelichthys 

rhodorus) in 1998-2001 in relatively large 
quantities (241 in 1999); Smoothhead sculpin 
(Artedius lateralis) in 1998; Snailfish (Liparis 
sp.) in 1999-2001. 

Fish Diversity in the Coos Estuary

Despite scientists’ limited understanding of 
the populations and distribution of many 
native fish populations, a joint study by the 
United States Environmental Protection 
Agency (USEPA) and the Oregon Department 
of Environmental Quality (ODEQ) demonstrat-
ed the high diversity of species that exists in 
the Coos estuary. The project, called EMAP 
by USEPA (Hayslip et al. 2006), and CEMAP 
by ODEQ (Sigmon et al. 2006), measured fish 
abundance, species richness, and diversity in 
small estuaries from San Francisco to Puget 
Sound. Coos Bay sampling stations in 1999 
produced a high of six species per trawl and 
nine out of 11 stations netted more than 
two species per trawl. In contrast, half of all 
stations in all estuaries sampled in the same 
year produced only one or two species per 
trawl, suggesting relatively high fish species 
diversity in the Coos estuary (Figure 8). Fish 
species found in the 1999 Coos estuary trawls 
are shown in Figure 9.

Bottom et al. (1988) described the multiple 
habitats fishes use in estuaries by examining 
fish community structure in South Slough. 
They seined five locations on four occasions, 
choosing the dry season (April-early Oct), 
so marine fishes using the estuary would be 
included in the study (Figure 10). For all but 
one station, they seined over mud flats near 
fringing marshes at high tide, and in tidal 
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channels at low tide. One station was only 
sampled at low tide.  

Bottom et al. found that species richness was 
consistently higher in low tide channel habi-
tats than in high tide tideflat habitats and that 
species richness decreased along a gradient 
from the mouth of South Slough, directly 
correlated with decreasing salinity. Species 
richness in the entire system was highest in 
July, while total abundance of fishes in the 
system peaked in June (Figure 11). Figure 12 
shows abundance of each fish species found 
in this study.

Habitat played an important role in deter-
mining fish community structure. Most of 
the transient marine or anadromous species 
were found in tidal channels (e.g., rockfish or 
northern anchovy), while the upper slough 
appeared to be an important spawning and 
nursery ground for marine fishes (e.g., Pacific 
herring and English sole, respectively). Adult 
white surfperch, adult walleye surfperch, 
adult topsmelt and adult pile perch repre-
sented the oldest and largest fishes found and 
were almost exclusively found in tidal chan-

nels closest to the mouth of South Slough. In 
contrast, important habitat for rearing juve-
niles of many species are located in the upper 
estuary and were the first nursery areas in 
the estuary to be occupied (generally by 
shiner surfperch and staghorn sculpin). Of all 
stations, the upper estuary sampling station 
(5) produced the highest densities of juvenile 
fishes by far.

Data from ODFW’s long term seining program 
appear to agree with some of the findings 
from Bottom et al. Specifically, these data 
show differences in species richness in lower 
estuary sampling sites (more species per 
seine/higher salinity) compared with Coos 
River stations (fewer species per seine/lower 
salinity)(derived from unpublished data ODF-
W2013b). The logical explanation is that large 
numbers of marine species use the higher 
salinity portions of the estuary, compared 
with the relatively smaller numbers of fresh 
water fish species.

Figure 11: Combined species diversity from 5 stations 
in the South Slough (shown as blue diamonds with 
left axis) and combined fish counts at all stations 
(shown as beige bars with right axis) over the course 
of 4 seining events (months shown). Data: Bottom et 
al. 1988 
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Figure 12: Combined 
abundance of fish 
species captured in all 
sampling events during 
the Bottom et al. 1988 
study. Since shiner 
surfperch numbers are 
so high relative to other 
species, the bottom 
graph allows for a closer 
examination of the grey 
highlighted portion of 
the lower graph. Data 
from: Bottom et al. 
1988.
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Chapter 14: Clams and Native
Oysters in the Coos Estuary

Clams: In ODFW study areas, the status of 
butter and gaper clams has improved since 
the last inventory (1979) while the status 
of native littleneck clams and cockles has 
declined. 

Native Oysters: Olympia oyster 
populations appear to be stable and even 
increasing. A 2006 survey shows native 
oysters present in multiple Coos estuary 
subsystems including particularly dense 
patches in the Upper Bay. Subsystems: CR- Coos River, CS- Catching Slough, HI- 

Haynes Inlet, IS- Isthmus Slough, LB- Lower Bay, NS- North 
Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay

Craig Cornu, Erik Larsen, Colleen Burch Johnson- 
South Slough NERR
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Chapter 14: Clams and Native
Oysters in the Coos Estuary

This section includes two data sum-
maries: Recreational Clams and 
Native Oysters— which describe 
the status and trends (where the 
data allow) of bivalve populations 
in the Coos estuary.

Data detailing the status of recreational clams 
are available for two of the Coos estuary 
subsystems (South Slough and Lower Bay). 
The most recent data come from the Shellfish 
and Estuarine Assessment of Coastal Oregon 
(SEACOR) project, which was conducted by 
the Oregon Department of Fish and Wildlife 
(ODFW) in 2009. 

Historic data describing the status of recre-
ational clams from the 1920s to the 1970s are 
also available in published research docu-
ments, and collectively cover the remaining 
subsystems. 

It should be noted that while these historic 
data are useful for providing insight into the 
status of recreational clams over time, they 
also present some challenges (see Data Gaps 
and Limitations). Some current data gaps will 
likely be filled when ODFW conducts more 
comprehensive clam monitoring in the Coos 
estuary again in 2014 or 2015.

Information about the status of native oysters 
is relatively complete for subsystems with oys-
ter habitat (all except the Catching Slough and 
Coos River subsystems). Most of the native 
oyster data summarized in this chapter came 
from a cooperative project between the South 
Slough Reserve and ODFW which resulted in 
a published paper describing the presence of 
native oysters in the Coos estuary (Groth and 
Rumrill 2009). Research conducted by the Or-
egon Institute of Marine Biology (OIMB) in the 
South Slough, Lower Bay, Haynes Inlet, Upper 
Bay and Isthmus Slough subsystems was also 
used.

In addition, this chapter includes informa-
tion about ongoing native oyster restoration 
efforts in the South Slough subsystem. 

Data Gaps and Limitations

Recreational Clam Data: Assessing the status 
of recreational clams in Coos Bay is made dif-
ficult by gaps and limitations in the data. For 
example, published records detailing the sta-
tus of clams are often geographically limited 
or outdated. The most recent data are from 
the SEACOR study, which focused on only 
two of the Coos estuary subsystems (McCrae 
2009). Prior to the 2009 SEACOR project, the 
next most recent data for clams date back to 
1979 (Bottom et al. 1979, Hancock 1979). 

Additionally, methodological differences 
among the studies complicate status com-
parisons of clams in the Coos estuary. Direct 
comparisons are only possible where trends 
in the status of clams over time are clear 
and unrelated to methodological differences 
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alone. The historical data provide general 
snapshots of clam populations at specific 
times in the past. The geographic and tempo-
ral spottiness of the clam data is understood 
and will be corrected when ODFW conducts 
more comprehensive SEACOR studies in the 
Coos estuary. 

Native Oyster Data: An assessment of the 
status of native oysters in the Coos estuary is 
subject to its own set of limitations. Although 
status data from Groth and Rumrill (2009) 
are geographically comprehensive, the data 
are qualitative, thereby making quantitative 
analyses difficult. Furthermore, the status 
of native Olympia oysters in Coos Bay has 
been infrequently studied, though research 
is currently being conducted (e.g., 2012-13 
OIMB Master theses) and will be included in 
this inventory when project results become 
available.

Non-Indigenous Bivalves

Non-indigenous and invasive clam and oyster 
species in the Coos estuary are not addressed 
in this chapter. For the status of non-native 
bivalve populations, including species such as 
the purple varnish clam (Nuttallia obscurata), 
see Chapter 18: Non-Indigenous and Inva-
sive Species. The status and distribution of 
commercial oyster cultivation, including the 
non-indigenous Pacific oyster (Crassostrea 
gigas) is also discussed in Chapter 18.
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How the Local Effects of Climate 
Change Could Affect Clams 
and Native Oysters
There are several climate change-related effects expected on the Oregon 
coast that have the potential to affect the abundance, distribution and 
“consume-ability” of recreational clams and native oysters:

 § Rising sea levels are expected to 
cause shifts in the distribution of 
clam and oyster beds

 § Ocean acidification is expected 
to change the rate at which 
clams and oysters can form 
their shells

 
 § Higher ocean temperatures 

are expected to result in 
more harmful algal blooms in 
estuaries and facilitate invasive 
species invasions

Clam 
diggers near 
Charleston

Native oysters in South Slough 

Sea Level Rise 
Apart from the obvious effects on developed 
lowlands in the project area (residential, com-
mercial, and industrial lands), sea level rise 
(SLR) has the potential to affect clam and oys-
ter habitat. SLR could change the duration and 
frequency of tidal inundation and tidal cur-
rent velocities in the sand flat, mud flat, and 
channel bank habitats favored by clams and 
oysters. Change in the quality of these hab-
itats will unquestionably affect where clams 
and oysters will be able to survive. However, 
one very important unanswered question is 
how much change will actually occur as sea 

levels rise. Scientists have not yet determined 
whether sand flat and mudflat elevations 
relative to tidal levels will be able to keep pace 
with SLR. In other words, sedimentation rates 
may adjust with sea level rise so sand and 
mud flats remain about the same elevation 
relative to tidal levels as they are now, result-
ing in very little change in the abundance and 
species composition of current clam and oys-
ter habitat in the Coos estuary. Determining 
the likelihood of these habitats to keep pace 
with SLR is the subject of several research 
proposals for which scientists are currently 
seeking funding. 
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Sea Level Rise

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, according to the National Re-

search Council (NRC), predicted SLR rates 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site 

to the Coos estuary), are reported as high 

as +23 cm (9 inches) by 2030; +48 cm (19 

inches) by 2050; and +143 cm (56 inches) 

by 2100.

Sources: NOAA Tides and Currents 2013, 

NRC 2012

Other changes to the physical characteristics 
of these habitats are likely to have a direct 
effect on the status of the benthic commu-
nity. According to a recently published study 
by Yamanaka et al. (2013)(based on three 
estuaries in the United Kingdom), anticipat-
ed physical SLR-related changes to clam and 
oyster habitat include coarser sediment grain 
size; steeper channel bank, sand and mud flat 
slopes; higher salinities; and higher exposure 
to wave action. They also suggest changes 
may be further exacerbated by other charac-
teristics often associated with climate change, 
such as increased frequency of storms. 

Their study suggests that the effects of SLR on 
clam and oyster habitat are likely to be deter-
mined by the varied and complex interactions 
among all these physical habitat attributes 
rather than any one factor acting alone. They 
warn that accelerated sea level rise is likely 
to make estuarine intertidal areas less di-
verse and less productive through declines in 
species abundance, diversity, and “community 
metabolism” (a measure of the oxygen con-
sumed by all individual invertebrates, used as 
an index of ecosystem function).
 
These negative effects are potentially intensi-
fied by coastal development pressures. As sea 
levels rise, it is unlikely that coastal commu-
nities will allow intertidal habitats to migrate 
inland where high value real estate exists. 
Consequently, intertidal estuarine organisms 
like clams and oysters may be at high risk for 
being squeezed between unfavorable changes 
to their environment and hard coastal defens-
es (Yamanaka et al. 2013).

Ocean Acidification

Clams and oysters, having shells made from 
calcium carbonate, are at particular risk from 
the lowering pH levels of ocean waters. Ac-
cording to researchers including Barton et al. 
(2012), the relative corrosiveness of seawater 
caused by lowering pH levels may cause adult 
and juvenile bivalves to have trouble form-
ing and maintaining their shells. Because of 
changes in the carbonate chemistry of the 
increasingly acidic ocean waters, fewer car-
bonate ions are available for uptake by marine 
organisms. Carbonate ions are the primary 
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Ocean Acidification

Since the late 18th century, the average 

open ocean surface pH levels worldwide 

have decreased by about 0.1 pH units, a 

decrease of pH from about 8.2 before the 

industrial revolution to about 8.1 today. 

A 0.1 change in pH is significant since it 

represents about a 30 percent increase in 

ocean acidity (the pH scale is logarithmic, 

meaning that for every one point change 

in pH, the actual concentration changes 

by a factor of ten). Scientists estimate 

that by 2100 ocean waters could be near-

ly 150% more acidic than they are now, 

resulting in ocean acidity not experienced 

on earth in 20 million years. The best 

Pacific Northwest ocean acidification data 

we have so far are from the Puget Sound 

area, where pH has decreased about as 

much as the worldwide average (a de-

crease ranging from 0.05 to 0.15 units). 

Sources: Feely et al. 2010, NOAA PMEL 

Carbon Program 2013

building blocks for bivalve shells. 

Shellfish hatcheries on the West Coast have 
been directly affected by ocean acidification. 
For example, in 2007, the Whiskey Creek 
Shellfish Hatchery in Netarts Bay, OR suffered 
losses in commercial Pacific oyster (Crassost-
rea gigas) larvae production. Oyster larvae 
were dying because they couldn’t build their 

shells in the low pH seawater used at the 
hatchery; without shells, oyster larvae can’t 
form feeding and swimming appendages (Bar-
ton et al. 2012).

Acidification may indirectly impact clams and 
oysters by limiting food availability. Research 
suggests that a reduction in carbonate ions 
may negatively affect “calcifying” plankton 
species that require specific water chemistry 
for maintaining external calcium carbonate 
skeletons (Orr et al. 2005; Fabry et al. 2008). 
Plankton species may also be impacted by a 
decrease in other critical nutrients. For exam-
ple, Shi et al. (2010) have demonstrated that 
acidification has a harmful effect on marine 
phytoplankton by limiting the bioavailability of 
iron. 

Increasing Ocean Temperature

Increasing ocean temperature is likely to affect 
clams and oysters by contributing to sea level 
rise (SLR) and by contributing to an increased 
frequency and duration of harmful algal 
blooms. 

Research shows a strong correlation between 
increasing ocean temperature and sea-level 
rise (Rahmstorf 2007; Domingues 2008; Ver-
meer and Rahmstorf 2009). As ocean water 
temperature increases, it expands, filling larg-
er volumes. Higher ocean temperatures also 
contribute to SLR by accelerating glacier and 
polar ice cap melting, by providing lubricat-
ing melt water, and by promoting the loss of 
buttressing ice shelves that support ice further 
inland (Rahmstorf 2007). 
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Increasing Ocean Temperatures

Worldwide, ocean temperatures rose at an 

average rate of 0.07° C (0.13° F) per decade 

between 1901 and 2012. Since 1880, when 

reliable ocean temperature observations first 

began, there have been no periods with higher 

ocean temperatures than those during the 

period from 1982 – 2012. The periods between 

1910 and 1940 (after a cooling period between 

1880 and 1910), and 1970 and the present are 

the times within which ocean temperatures 

have mainly increased.

Describing how the worldwide trend translates 

to trends off the Oregon coast is a complicated 

matter. Sea surface temperatures are highly 

variable due to coastal upwelling processes 

and other climatic events that occur in irreg-

ular cycles (e.g., El Niño events). We do have 

27 years (1967-1994) of water temperature 

data collected from near the mouth of the 

Coos estuary that indicate through preliminary 

analyses a very weak trend towards warming 

water temperatures. Fifteen years (1995-2010) 

of data from multiple stations further up the 

South Slough estuary show very little water 

temperature change.

Sources: USEPA 2013b, SSNERR 2013, Cornu et 

al. 2012

Rising sea levels will likely affect clam and 
oyster habitat as described previously in this 
overview. 

Other ocean temperature-SLR feedback 
loops exist. For example, research suggests a 
positive correlation between ocean tempera-
ture and increased severity and frequency of 
storms (Knutson et al. 2010; Webster et al. 
2005; McCabe et al. 2001). This is likely to 
worsen the anticipated impacts of sea level 
rise on bivalves (Yamanaka et al. 2013).

According to the United States Environmental 
Protection Service (USEPA), increasing ocean 
temperatures may also contribute to an 
increased frequency and intensity of harmful 
algal blooms (HABs). Combined with other cli-
mate-related changes including high nutrient 
levels, warm ocean waters provide the ideal 
conditions for explosive algae growth (USEPA 
2013a). These overly abundant algal “blooms” 
can damage aquatic ecosystems by blocking 
sunlight and depleting the oxygen required by 
other organisms, including those that directly 
or indirectly contribute to clam and oyster 
food resources (USEPA 2013a). 

One example of a potential algal bloom that 
produces toxins harmful to humans and 
animals is cyanobacteria (blue-green “algae”). 
Cyanobacteria are particularly well-suited for 
increased exposure to UV radiation, higher 
ocean temperatures, and low-oxygen envi-
ronments, because they evolved in ancient 
oceans that had many of the same character-
istics as climate-altered modern oceans (Paul 
2008). The exposure of clams and oysters (as 
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Local Effects of Harmful Algal Blooms

On the Oregon coast, there are several plank-

ton species that can have adverse ecological 

and socioeconomic effects through harmful 

algal blooms (HABs). Local diatoms and dino-

flagellates (Pseduo-nitzchia spp., Alexandrium 

spp., and Akashiwo sanguinea) produce a 

neurotoxin that is associated with amnesic 

shellfish poisoning in humans. “Alexandrium 

blooms” appear to be primarily responsible 

for HABs and the closure of shellfisheries on 

the southern Oregon coast. Contamination 

of shellfish south of Cape Blanco is strongly 

correlated with late-summer upwelling, and 

the expected changes to upwelling patterns as-

sociated with climate change may significantly 

affect the frequency and distribution of HABs 

on the west coast.

Sources: OCCRI 2010, Tweddle et al. 2010, 

Bakun 1990, Schwing and Mendelssohn 1997

well as other shellfish) to blooms of cyano-
bacteria and other HABs places these bivalves 
off-limits for human consumption. In commu-
nities with commercial clam, oyster, and other 
shellfish fisheries, HABs represent real poten-
tial costs to regional economies (Hoagland et 
al. 2002).

Warming ocean trends may also promote the 
establishment of invasive species in coastal 
and estuarine waters, potentially exacerbat-
ing HABs, disrupting clam and oyster food 
resources, and introducing new parasites to 
clam and oyster (and other shellfish) popula-
tions. Research suggests that warmer ocean 
temperatures may give introduced species a 
competitive edge by increasing the magnitude 
of growth and recruitment of exotic species 
relative to their native counterparts (Stacho-
wicz et al. 2002). 

Warmer ocean temperature regimes may alter 
the species composition of local biota by fa-
cilitating the movement of temperature-con-
strained marine and estuarine species towards 
areas formerly too cool for habitation. In the 
case of exotic species transported across 
oceans or continents by humans, warmer 
ocean waters may provide increasingly suit-
able habitats for purposefully or inadvertently 
introduced invasive species, creating addition-
al threats to local clam and oyster populations 
(Stachowicz et al. 2002). 
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Recreational Clams in the 
Coos Estuary
Summary: 

 � Butter and gaper clam populations in  
some areas of lower Coos estuary 

     and South Slough have increased 
     since a similar assessment in the 
     1970s. 

 � Native littleneck clams and cockle 
populations have generally fallen 
since the 1970s in the areas sampled. 

 � Population shifts of any
     estuarine-dependant animals
     should be cause for further      
     investigation to understand
     potential causes of change.

      Source: ODFW 2014

Figure 1. 2009 ODFW SEACOR study areas located in the South 
Slough (SS) and Lower Bay (LB) subsystems.

What’s happening?

Recreational clamming is an important 
part of our area’s quality of life. To improve 
understanding of clam population size and 
distribution in the Coos estuary, Oregon 
Department of Fish and Wildlife’s (ODFW) 

Butter 
clam Gaper

clam

Cockle Littleneck 
clam
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Shellfish and Estuarine Assessment of Coastal 
Oregon (SEACOR) project documented in 
2008-09 the status of four recreationally 
important bay clam species in the lower Coos 
estuary- South Slough (SS) and Lower Bay 
(LB) subsystems (see Figure 1): gaper clams 
(Tresus capax); butter clams (Saxidomus 
gigantea); native littleneck clams (Leukoma 
staminea); and cockles (Clinocardium 
nuttallii). 

Project scientists estimated the distribution 
and abundance of each species within 
the SEACOR study sites and described the 
habitat requirements for each. The results 
of this work are summarized in Table 1 
(ODFW 2014). The ODFW report summarizes 
results from their detailed assessment 

method (DAM) at three study sites: South 
Slough, Clam Island and Pigeon Point. 
Rapid assessment method (RAM) data from 
other sites (Empire, Airport and North Spit) 
were deemed preliminary data only (see 
Background). Italicized text below indicates 
sections quoted directly from the ODFW 
(2014) report unless otherwise noted. 

SEACOR Study Results
Clam beds were found in all areas studied by 
the SEACOR team. The greatest numbers of 
clam beds were found at the Clam Island and 
Pigeon Point study sites (both in the Lower 
Bay subsystem)(Figure 1). Overall, both gaper 
clams and butter clams were found in much 
greater densities than cockles and littleneck 
clams at all study sites (Table 1). Gaper clam 
densities were the highest at the Clam Island 
study site (Figure 2, Table 1) and butter clam 
densities were high at both Clam Island 
and Pigeon Point (Figure 3, Table 1), which 
are both located in the lower Coos estuary 
subsystem. Cockles were found in relatively 
high densities only in the South Slough study 
area (Figure 4, Table 1), while native littleneck 
clams were found only in low densities at 
all three sites, the most dense being Pigeon 
Point (Figure 5, Table 1).

The low densities of littleneck clams in the 
2009 SEACOR study contrasts with earlier 
surveys conducted in the 1970s when native 
littleneck clams were found to be reasonably 
abundant in the Coos estuary.

Table 1. Mean clam density data per meter squared 
for three SEACOR study areas in the lower Coos 
estuary. ODFW 2014.
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Figure 2. Gaper clam abundance and distribution in SEACOR 
study areas Data from Empire, Airport and North Spit sites are 
considered preliminary only. Data: ODFW 2014.

Figure 3. Butter clam abundance and distribution in SEACOR 
study areas. Data from Empire, Airport and North Spit sites are 
considered preliminary only. Data: ODFW 2014.

Figure 4. Cockle abundance and distribution in the SEACOR 
study areas. Data from Empire, Airport and North Spit sites are 
considered preliminary only. Data: ODFW 2014.

Figure 5. Littleneck clam abundance and distribution in the 
SEACOR study areas. Data from Empire, Airport and North Spit 
sites are considered preliminary only. Data: ODFW 2014.
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Additional detail, organized by study sites, is 
found in ODFW’s SEACOR final report (2014):

Clam Island supported high densities and 
diverse assemblages of bay clams (Figure 
6). Butter clams were abundant across all 
tidal strata at Clam Island (site mean=4.6 
clams/m2). Cockles were least abundant at 
Clam Island, compared to the other tide flats 
surveyed by DAM, and were most abundant 
in the mid-intertidal (mean = 0.6 clams/m2). 
Gaper clams exhibited the greatest densi-
ties at Clam Island (mean=19.9 clams/m2) 
and were most dense in the low intertidal 
(mean=45.6 clams/m2). Native littleneck 
clams exhibited low densities at all three sites 
(mean=0.7 clams/m2), including Clam Island 
(mean=0.4 clams/m2).
 
Pigeon Point exhibited the highest densities 
of butter clams (Figure 7), particularly at high 
tidal elevations (H, mean=15.0 clams/m2) in 
sandy areas commonly referred to as “butter 
bars.” Cockles were not very abundant at 
Pigeon Point (mean=1.0 clams/m2), and were 
most prevalent in the mid tidal stratum at 
Pigeon Point (mean=2.2 clams/m2). Gapers 
were less abundant at Pigeon Point compared 
to Clam Island (mean=3.1 clams/m2). Low tid-
al elevations harbored the greatest densities 
of gapers across all sites (mean=19.3 clams/
m2) including Pigeon Point (mean 8.2 clams/
m2). Littleneck clams exhibited the highest 
densities at Pigeon Point (mean=1.4 clams/
m2), where they showed little difference in 
density among tidal strata.

Figure 6. Clam distribution and abundance (clams/m2) at the 
SEACOR Clam Island study site. Note the difference in scale for 
each clam species. Data are from DAM surveys only. Data and 
figure: ODFW 2014.

Figure 7. Clam distribution and abundance (clams/m2) at the 
SEACOR Pigeon Point study site. Note the difference in scale 
for each clam species. Data are from DAM surveys only. Data 
and figure: ODFW 2014.
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• Cockles and littleneck clams were most 
frequently found in oxygenated clam bed 
sediments.

• The presence of gaper clams was neg-
atively correlated with sediment tem-
perature “at depth” (the depth in the 
sediment where those clams are normally 
found). So, the higher the sediment tem-
peratures were, the fewer gaper clams 
were found. Gapers were found in great-
est abundances in low intertidal flats.

• The presence of native eelgrass beds 
(Zostera marina) was positively correlated 
with the presence of littleneck clams (in 
the few areas they were found).

Figure 8. Clam distribution and abundance (clams/m2) at 
the SEACOR South Slough study site. The scale for each clam 
species is the same. Data are from DAM surveys only. Data and 
figure: ODFW 2014.

South Slough exhibited the lowest density of 
butter clams (mean=2.1 clams/m2), but they 
were still abundant compared to other clams 
such as cockles and littlenecks (Figure 8). The 
highest densities of cockles occurred at South 
Slough (mean=1.5 clams/m2), particularly 
in high and low tidal elevations (mean=2.0 
clams/m2 and 1.6 clams/m2, respectively). 
The largest cockles were also collected at 
South Slough (mean shell length=70.2 mm). 
Gapers were least abundant at South Slough 
(mean=1.8 clams/m2) among the three sites 
sampled by DAM. Generally, gaper clam 
length increased with decreasing tidal stra-
tum except at South Slough, which lacked 
smaller gaper clams. Littleneck clams were 
least abundant at South Slough (mean=0.3 
clams/m2)(Figure 8) and were entirely absent 
at many waypoints surveyed by DAM.

Clam Bed Attributes
Clam bed attributes including bed type, 
eelgrass cover, sediment type and intertidal 
elevation were measured by ODFW scientists 
and summarized for the Coos estuary in Fig-
ures 9-12. They determined through a series 
of regression analyses the following:

• The presensence of algae on clam beds 
was negatively correlated with the pres-
nce of butter clams- these clams were 
almost always found in non-vegetated 
sand flats.

• The presensence of algae in clam beds 
was positively correlated with the pres-
nce of cockles and with the presence of 
gaper clams.
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Figure 9. Intertidal bed type in the SEACOR study areas. Data: 
ODFW 2014.

Figure 10. Major sediment type in the SEACOR study areas. 
Data: ODFW 2014.

Figure 11. Eelgrass cover in the SEACOR study areas. Data: 
ODFW 2014.

Figure 12. Tideal height range in the SEACOR study areas. Data: 
ODFW 2014.
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Why is it happening?

The status of clam populations is a function of 
a variety of environmental conditions includ-
ing but not limited to bathymetry (shape of 
the estuary bottom), human activities (e.g., 
commercial oyster culture, dredging of the 
commercial shipping channel), and the health 
of other key benthic and pelagic communities 
such as eel grass beds and crustaceans (Carl-
ton et al. 1991; Yocom and Edge 1929). 

Furthermore, the status of local environmen-
tal conditions is determined by many chang-
ing elements associated with both natural 
and human-induced changes. For example, 
the effects of major storms or the establish-
ment of an oyster culture system have the po-
tential to change the bathymetry of an area 
via sedimentation or scouring of the estuary 
bottom. These same actions may also affect 
the health of nearby eelgrass communities 
(Carlton et al. 1991). Determining the effects 
of these activities is a complicated process 
requiring collection of quanitative data over 
multiple time periods.

Past Studies

Previously conducted clam research in the 
Coos estuary provides information that can 
be used to characterize trends in local clam 
populations. The research presented here 
represents 80 years of published clam survey 
data. The oldest study dates back to 1929 
and the most recent study was completed 
in 2009. Figure 13 provides a geographic 
summary of the study areas for all previously 
published clam surveys in the Coos estuary.  

Figure 13. Locations of all previously conducted clam surveys 
in Coos Bay

Detailed comparisons between studies 
conducted during different time periods are 
made difficult by gaps in the data. For exam-
ple, only two published clam surveys of Pony 
Slough have been completed, with the most 
recent data coming from the 1970s (Macdon-
ald 1967; Bottom et al. 1979). Additionally, 
some areas such as the Upper Bay subsystem, 
for which the Marriage study (1958) rep-
resents the most current data, have not been 
surveyed for many years. Methodological 
differences between studies further compli-
cate comparisons between data sets from 
different studies.  

These difficulties notwithstanding, the 
available historic data are useful in that they 
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provide a snapshot of the status of clams over 
time. Comparisons of historic data may be 
valuable in instances where methodological 
differences in and of themselves are unlikely 
to account for overwhelmingly clear trends 
over time. 

Historically, clams have demonstrated a wide 
range of adaptations to the environmental 
conditions of the study area. In 1929, Yo-
com and Edge observed a total of forty-one 
bivalve species in the area between Sunset 
Bay and Fossil Point (Figure 14). Despite 
having surveyed a variety of substrata (e.g., 
rocks, sand, mud, mixed sand and mud, and 
driftwood) with diverse habitat characteristics 

(e.g., exposure to ocean waves, varying levels 
of tidal current and sedimentation, etc.) each 
area studied exhibited high biodiversity, with 
twenty-seven different species of bivalves oc-
curring between Coos Head and Fossil Point 
alone (Figure 15). 

Some historic trends in local clam populations 
are apparent. The decline of soft shell clams 
(Mya arenaria) between the 1920s and the 
1950s is apparent when comparing the find-
ings of Yocom and Edge (1929) with those of 
Marriage (1958). 

Yocam and Edge noted an abundance of soft 
shell clams in South Slough in 1929 while 
Marriage found no soft shelled clams in the 
same area nearly thirty years later. 

Marriage also surveyed North Slough and 
Haynes Inlet, where soft shell clams were 
found in scattered beds. It should be noted 
that the North Slough and Haynes Inlet soft 
shell clam populations were much smaller 
than those of earlier years in the same areas, 
suggesting that the pattern of population 
decline may well have been characteristic of 
the greater Coos estuary during these years 
(Marriage 1958). 

In the case of butter and gaper clams at Pi-
geon Point and Clam Island, the data suggest 
that the populations of these species may 
have decreased since the 1970s (Figures 16 
and 17). This decline is due to a decrease in 
clam abundance on Clam Island; although 
the decline is partially offset by increases at 
Pigeon Point and may be subject to some 

Figure 14. Survey area for Yocom and Edge (1929) is highlight-
ed above in green. 

Figure 15. Relative diversity of clams in three inventory subre-
gions. CH = Coos Head SS = South Slough FP = Fossil Point Data: 
Yocom and Edge 1929. 
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Figure 17. Butter clam abundance data from a 1979 report 
(C) are compared to the same data from a study conducted in 
2009 (D). Data: ODFW 2014. 

Figure 16. Gaper clam abundance data from a 1979 report 
(A) are compared to the same data from a study conducted in 
2009 (B). Data: ODFW 2014. 

variation in magnitude due to methodological 
differences across studies, it seems likely that 
the net effect is negative (ODFW Shellfish 
Program 2009). 

Background

SEACOR Study
From the SEACOR report summary (ODFW 
2014, unless otherwise noted): 

SEACOR is funded by Oregon Department 
of Fish and Wildlife recreational shellfish 
license fees and captures a snapshot of the 
status of Oregon’s estuarine resources for 
baseline data and for comparison to past 
(ODFW 1970’s “raccoon” report: Bottom et al. 
1979) and future studies. The SEACOR project 
initially targeted intertidal flats of the lower 
Coos Bay Estuary during 2008-2009. Howev-
er, the state legislature has made the project 
permanent to allow future assessment of all 
of Oregon’s estuaries following this general 
sampling strategy (ODFW Shellfish Program 
2009). 

Coos Bay was selected as SEACOR’s pilot site 
because it is Oregon’s largest outer coast 
estuary, has a long history of supporting rec-
reational and commercial clam harvest, and 
has experienced increasing urbanization and 
industrialization since the late 1800s. Coos 
Bay is a proposed site for a large liquid natu-
ral gas facility which would require additional 
dredging of the channel, an activity that first 
occurred in 1927. The increasing importance 
of Coos Bay as a shipping port since its early 
colonization resulted in physiographic chang-
es primarily from dredging and filling as well 
as community compositional changes from 
introductions and extractions. Updating our 
understanding of estuarine habitats and the 
distribution and size of Coos Bay bay clam 
populations was valuable and necessary in 
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the face of these changes in habitat and com-
munity structure.

This 18-month study focused on six study sites 
which encompassed three tidal strata (low, 
mid, high)(Figure 1). These sites were iden-
tified by a “scouting” method not employed 
with the subsequent estuary studies. Scouting 
was accomplished using a team transect ap-
proach. Team members spaced 10 m apart re-
corded habitat information every 10 m along 
transects from shore to channel. The team 
was repositioned every 100-300 m along the 
shore of lower Coos Bay. Based on scouting, 
study sites were selected for sampling when 
the following criteria met: (1) the area was 
composed of unconsolidated sediment suit-
able for burrowing organisms, (2) the area 
was located in the marine-dominated region 
of the estuary (Davidson 2006), (3) the area 
was large enough to support a statistically 
viable number of samples, (4) the area was 
known to be or likely to be used by recreation-
al shellfish harvesters, and (5) the area was 
likely to support clam species at some popu-
lation level, based on previous studies. This 
last criterion highlights a key change made for 
future estuarine studies. Entire tidal flats were 
surveyed in Tillamook Bay instead of target-
ing clam bed areas as was done for the Coos 
Bay pilot study.

The six study sites are described by ODFW 
(2014) as follows: 

The Airport study site is composed of several 
contiguous extensive tide flats that border the 
Southwest Oregon Regional Airport runway 

on three sides and a section of the shoreline 
that extends south. On the northern border of 
the Airport runway, there is an extensive, san-
dy, shrimp-dominated tide flat. To the west 
of the Airport, there is a heterogeneous and 
broad tide flat that forms a small peninsula. 
The peninsula is composed of soft mud close 
to the runway and to the east, sand at the 
western edge, a small terrestrial island in the 
center, and a mixed sediment eelgrass habitat 
to the far south.

The Clam Island study site is emergent only at 
lower tides and is entirely isolated from land 
by water during all tides. It is bordered by an 
unmaintained channel to the west (demarcat-
ed by pole markers at the north and south end 
of the island) and by the federally-maintained 
navigational channel to the east. The south-
ern end is lower in tidal elevation than the 
northern end, and there is a depression at the 
southern end with abundant eelgrass. This 
study site is a popular target of recreational 
clammers, and the adjacent channels are pop-
ular for recreational crabbers, as well. 

The Empire study site is a relatively narrow 
strip of two distinct tide flats partially sepa-
rated by a small dune headland. The larger 
portion of this site is to the south and the 
entire site is bordered to the east by low-lying 
dunes and densely-urbanized variable neigh-
borhood. 

The North Spit study site is dominated by 
four cobble-dominated terrestrial islands, 
surrounded by areas of soft mud and other 
areas of sand. The western border is the sand 
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peninsula that encloses Coos Bay. The dune 
area to the north of the study site was light-
ly-developed with industrial buildings, and 
is a natural area with limited public access 
(i.e. four-wheel drive on sand or boat access 
only). This lightly-developed industrial area 
to the north (Jordan Cove, specifically) is the 
proposed location of a new liquid natural gas 
facility. 

The Pigeon Point study site is the most het-
erogeneous, with separate areas dominated 
by cobble, nearly pure sand, and nearly pure 
mud. There are several dredge spoil piles that 
are not emergent at standard high tides com-
posed largely of cobble that form a barrier 
across the edge of the site; this separates the 
bulk of the exposed tide flat from the shipping 
channel. There are two permanent pools, one 
to the north that is shallow and is highly veg-
etated with eelgrass and algae and a second 
pool in the central area that is filled with soft 
mud and light vegetation. This site is named 
after “Pigeon Point,” a highly-developed resi-
dential neighborhood that borders the south 
edge. The eastern edge is also highly-devel-
oped with residential buildings. In contrast, 
the northern border is a low-lying dune hab-
itat situated on landfill. Access to this site is 
fairly easy, with paths leading down the bluff 
face at both the northern and southern ends.

The South Slough study site refers to an area 
that contains three discrete tide flats with the 
largest of the three locally called the “South 
Slough Flat”. The “South Slough Flat” is bor-
dered by the Charleston Bridge at its northern 
edge, the Metcalf Marsh at its western edge 

and by the lightly-developed forested bluff 
known as Collver Point, to the south. There 
is a large cluster of hummocks (raised ar-
eas), vegetated with salt marsh plants that 
are entirely submerged only at extreme high 
tides. There are also two major drainage 
channels from the Metcalf Marsh, one to the 
south and one to the north of the hummock 
cluster. There is abundant eelgrass (Zostera 
marina) in the lower intertidal areas. This site 
is a very popular area for clammers. It is also 
subject to harvest by small-scale commercial 
clammers harvesting cockle clams, and other 
fishermen harvesting burrowing shrimp for 
bait. The South Slough study site also includes 
the smaller “Charleston Triangle” and “Fish-
erman’s Grotto” (a restaurant at the access 
point) tide flats, which were only sampled 
during RAM surveys. Both of these tide flats 
are located just north of the Charleston 
Bridge, are heavily used by clammers, and are 
adjacent to the marina and fish processing 
plants.

This study assessed 450 ha of tide flats of 
which 150 ha were surveyed by DAM. RAM 
surveys were conducted at all 6 study sites, 
whereas DAM surveys (n=45 sites) were only 
conducted in Clam Island, Pigeon Point, and 
South Slough. The SEACOR results focus on 
these three flats. All results are detailed in the 
SEACOR Coos Bay Final Report (in prep.). 
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Native Oysters in the 
Coos Estuary
Summary: 

 � Olympia oyster populations appear to 
be stable and even increasing. A 2006 
survey shows native oysters present 
in multiple Coos estuary subsystems 
including particularly dense patches 

     in the Upper Bay.
 

 � However, native oysters are 
present in much smaller 
numbers today than in the 
early 20th century. 

 � Researchers are re-
introducing adult oysters 
in the Coos estuary and 
investigating the biology 
and ecology of naturally 
occurring Olympia oysters.

     (Source: Groth and Rumrill 2009)

Figure 1. Status of native oysters in the Coos estuary in the South 
Slough, Lower Bay, North Slough, Haynes Inlet, Upper Bay and 
Isthmus Slough subsystems. 
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What’s happening?

The Olympia oyster (Ostrea lurida) is the only 
oyster native to the U.S. West Coast, and was 
once abundant in estuaries from Baja Califor-
nia to Sitka, Alaska. Interestingly, the oyster 
was not present in Coos Bay at the time Eu-
ropeans settled in the area, but shells found 
in dredge spoils and shell middens indicate 
that they were present in the area historically 
and were harvested by Native Americans. 
One hypothesis is that a tsunami and/or fire 
caused a huge input of sediment into the bay, 
smothering the oyster population.

In the 1980s, Olympia oysters were discov-
ered growing in Coos Bay once again. Genetic 
similarities between Olympia oysters in Coos 
Bay and those in Willapa Bay, WA suggest 
that the local reappearance of this species 
was likely the result of an introduction event 
from Willapa (Stick 2011). It is likely that they 
arrived as juveniles attached to the shells of 
(non-native) Pacific oysters grown commer-
cially in Willapa Bay and transported to Coos 
Bay. These juvenile Olympia oysters may have 
then spawned and their larvae settled else-
where in the bay, setting up a new popula-
tion. 

Presently, the Olympia oyster population here 
appears to be stable and even increasing. A 
2006 survey shows the oyster to be present 
mainly in the upper part of the bay, with 
particularly dense patches along the water-
front of Coos Bay, North Bend, and Eastside 
(Figures 1 and 2). An increasing number 
of researchers have become interested in 
restoring Olympia oyster populations (Figure 

3). Researchers at the South Slough Reserve 
are attempting to recreate an oyster popu-
lation in the South Slough estuary. They are 
also partnering with the Oregon Institute of 
Marine Biology (OIMB) to conduct research 
into the biology and ecology of the oysters in 
Coos Bay (see below).

Figure 2. 2006 qualitative native oyster survey results      Data: 
Groth and Rumrill (2009)

Figure 3. Volunteers aid in the restoration of native populations 
of Olympia oysters (O. lurida) in Coos Bay
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Figure 4. Condition of the world’s oyster reefs. < 50% lost = 
Good; 50% to 89% lost = Fair; 90% to 99% lost = Poor; > 99% 
lost = functionally extinct. GRAPHIC: Beck et al. (2011)

Why is it happening?

The disappearance of Olympia oysters in Coos 
Bay is most likely the result of a natural disas-
ter. One hypothesis is that a tsunami and/or 
fire caused a huge input of sediment into the 
bay, smothering the local oyster population. 
In recent history, populations of Olympia 
oysters outside the Coos Bay area have also 
experienced a pattern of decline. Around 
the turn of the 20th century, Olympia oys-
ters were heavily harvested along the West 
Coast, mainly for the San Francisco market. 
This overharvesting, as well as the increased 
development of estuarine areas, loss of hard 
substrate, sedimentation, and pollution 
caused the Olympia oyster population to 
decline dramatically. 

The decline of oyster populations on the 
West Coast in the 20th century is indicative 
of a larger global trend (Figure 4). Several 
factors have contributed to the decline of 
oyster reefs across the globe. The extensive 
harvest of wild oyster populations has com-

monly led to the loss of reef structure, which 
exacerbates the impact of additional stresses 
such as anoxia, sedimentation, disease, and 
non-native species (Beck et al. 2011). Other 
anthropogenic influences including the mod-
ification of coastlines, changes to freshwater 
inflow regimes, sedimentation, nutrient load-
ing, and pollution have further contributed to 
the decline of oysters across the globe (Beck 
et al. 2011; NRC 2004). A loss of 85 percent 
of the world’s oyster reefs relative to historic 
abundance levels is estimated, and over a 
third (37 percent) of existing oyster reefs in 
bays across the globe are considered func-
tionally extinct (Beck et. al. 2011).  
The conservation of oysters on a global as 
well as local scale is important, because 
oysters provide many ecosystem services, 
including water filtration, shoreline stabili-
zation, and habitat for many animals (e.g., 
fish, crabs, and birds)(Beck et al. 2011). There 
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are also beneficial secondary effects that are 
associated with these ecosystem services. For 
example, water filtration can serve to remove 
excess nutrients, thereby reducing likelihood 
of harmful algal blooms that have many 
ecological as well as economic consequences 
(Beck et al. 2011). In order to protect these 
valuable ecosystem services and promote bio-
diversity in the Coos estuary, two main oyster 
restoration projects have been spearheaded. 
These projects are supported by NOAA’s Com-
munity-based Restoration Program (CRP) and 
the National Estuarine Research Reserve Sys-
tem (NERRS) Science Collaborative program. 

What’s being done?

The CRP has supported several research 
projects investigating the biology and ecology 
of native oysters, many of which were led or 
assisted by community members and college 
student interns. One project involved collect-
ing oyster juveniles, or spat, on shell bags in 
Coos Bay and then transferring these bags 
to South Slough (see Figure 3). Researchers 
then monitored the growth and survival of 
these juveniles for about a year. The juveniles 
survived well and grew, on average, about 10 
mm between January and July. 

Although the CRP projects were completed 
in 2009, South Slough Reserve science staff 
members continue to monitor these shell 
bags, and are currently in the process of 
moving them from their current location at 
Younker Point to a more suitable area near 
Long Island Point. Monitoring living adults in 
South Slough will provide data on the feasibil-
ity of restoring oysters to this area; the adults 

may also serve as local sources of natural oc-
curring Olympia oyster larvae for use in future 
restoration efforts, if needed.

A thorough understanding of the reproduc-
tive development of Olympia oysters in Coos 
Bay is a critical component of the advance-
ment of local restoration efforts. As a means 
towards that end, the South Slough Reserve 
and OIMB are partners in several Olympia 
oyster research projects supported by the 
NERRS Science Collaborative program. Gradu-
ate students at OIMB are currently investigat-
ing sexual development and timing of oyster 
larval brooding and release; mechanisms of 
oyster larval retention in the bay; oyster larval 
abundance vs. settlement throughout Coos 
Bay; and oyster growth and survival through-
out the bay. 

The results of this research have provided 
important insights into the life history of 
native oysters in the Bay. Oates (2013) found 
that intertidal oysters in Coos Bay have a 
reproductive period of approximately three to 
four months, and reproduction corresponds 
to water temperatures of approximately 15-
19° C (59-66° F). These findings corroborate 
previously conducted research (Hori 1933; 
Hopkins 1937; Imai et al. 1954). In addition to 
temperature, brooding closely corresponds to 
high chlorophyll-a concentrations, suggesting 
a positive relationship between food availabil-
ity and reproductive output of oysters (Oates 
2013). 
Temperature and chlorophyll-a concen-
trations alone, however, fail to completely 
explain the timing of reproductive events of 
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native oysters in Coos Bay. Oysters exposed 
to low salinity regimes in Coalbank Slough 
experienced repressed levels of gametogene-
sis, suggesting that the reproductive success 
of native oysters in Coos Bay may be critically 
dependent on salinity parameters (Oates 
2013). Further research suggests that other 
abiotic factors such as tidal mixing and chang-
es in precipitation regimes may also affect 
recruitment patterns and larval distribution in 
juvenile Olympia oysters (Prichard 2013). 
More research is required in order to fully 
understand the effects of salinity and other 
ambient parameters (e.g., dissolved oxygen 
or pH) on the reproductive success of native 
oysters in Coos Bay. 

Additional research provides restoration 
practitioners with guidelines concerning the 
settlement preferences of native juvenile 
oysters in Coos Bay. Sawyer (2011) found 
that juvenile Olympic oysters were generally 
non-selective in their settlement preference 
when provided with a variety of hard substra-
ta, including both live and dead species of 
native Olympic oysters and non-native Pacific 
oysters (Crassostrea giggas). However, juve-
niles did demonstrate a clear preference for 
settlement on the bottom of shells. 

These findings indicate that the type of sub-
strate provided for settlement is unlikely to 
limit the success of local restoration efforts. 
They further indicate that restoration efforts 
may benefit by suspending settlement sub-
strata in the water column in order to allow 
for easy access to bottom of shells. Interest-
ingly, the non-selective settlement tendencies 

of Olympic oysters implies that the commer-
cial harvest of Pacific oysters represents a 
potential “recruitment sink” in that juvenile 
Olympic oysters that have settled on mature 
Pacific oysters become, in effect, bycatch 
upon the harvest of these individuals (Sawyer 
2011).  

Restoration decisions involving the place-
ment of settlement substrata relative to the 
location of existing adults will benefit from a 
further understanding of the spatial prefer-
ences of juvenile Olympia oysters. As a means 
to this end, Prichard (2013) has studied re-
cruitment patterns and larval distributions in 
Coos Bay. Her research suggests that juvenile 
Olympia oysters tend to settle in close prox-
imity to previously established populations 
of adults, suggesting that these oysters have 
relatively limited larval distributions. Research 
investigating the timing of settlement of 
Olympia oysters in Coos Bay is on-going, and 
restoration efforts will also benefit from a 
well-developed understanding of the tempo-
ral settlement preferences of these oysters (R. 
Rimler, pers. comm., Nov. 2013).

The genetic practices of restoration projects 
are likely to directly affect the degree to 
which native oysters may successfully rees-
tablish themselves in Coos Bay. The genetic 
distance between populations of Olympia 
oysters is a function of the geographic dis-
tance between those populations; that is to 
say that Olympia oysters in California, for 
example, are genetically distinct from oysters 
of the same species in Coos Bay (Stick 2011). 
The marked exception to this finding is the 
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population of Olympia oysters in Willapa Bay, 
WA, which is genetically very similar to the 
population of oysters in Coos Bay despite the 
geographic distance between these two sites 
(Stick 2011). As previously mentioned, this 
is likely the result of a previously occurring 
introduction event from Willapa Bay to Coos 
Bay. In order to assure the long-term viability 
of restoration efforts in Coos Bay, the impli-
cations of collecting broodstock from geo-
graphically distant sources should be carefully 
considered until it can be determined wheth-
er these populations are locally adapted (Stick 
2011).

Work to further understand the status of con-
taminants in the Bay that may be harmful to 
native oyster stocks has also been undertaken 
by the Oregon Department of Environmental 
Quality (ODEQ). Butyltins, which are chemi-
cals found in anti-fouling boat bottom paints, 
are of particular concern because they have 
been shown to cause shell deformities and 
decreased reproductive capacity in oysters 
(Wolniakowski et al. 1987). In the late 1980s, 
ODEQ documented high concentrations of 
Butyltins in the waters of Coos Bay as well as 
in the tissues of locally produced Pacific oys-
ters (Wolniakowski et al. 1987). Research has 
documented steady declines in local Butyltin 
levels since the late 1980s, suggesting that 
the on-going management and regulation 
has been relatively effective in abating this 
pollutant in Coos Bay (Elgethun et al. 1999). 
The local distribution of detected Butyltins 
did not closely correspond to the locations of 
their origin, suggesting that concentration of 
Butyltins may be more a function of estuary 

bathymetry and tidal flushing patterns than 
proximity to point sources (Elgethun et al. 
1999).   

Peteiro and Shanks (2014) have studied 
migratory patterns in larval Olympia oysters. 
Their findings suggest that larval oysters in 
Coos Bay have some capacity to perform 
tidal-timed migrations, but their swimming 
ability is usually overcome by current speeds. 
These results indicate that the effectiveness 
of tidal-timed migrations in the estuary may 
be limited by local hydrology, and strategies 
for maximizing larval retention may benefit 
from detailed studies on local hydrodynamics.

Background

Oysters are bivalves, a type of mollusk char-
acterized by two opposing shells, or valves. 
They are related to clams, mussels, and other 
commonly known and often edible mollusks. 
They feed by filtering small particles from 
seawater. Many oysters, like other bivalves, 
release sperm and eggs separately in the 
water, where they meet and fertilize to form 

Figure 5. Life history of the Olympia oyster. GRAPHIC: Swanson 
n.d. 
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embryos outside the body of the mother. 
But Olympia oysters retain eggs within the 
mother’s shell. They “brood” their embryos 
for several weeks before releasing the young, 
now called larvae, into the water column (see 
Figure 5).

All oysters and most bivalves produce larvae, 
which are generally less than a millimeter 
in length. The larvae swim, eat, and devel-
op in the water for several weeks to several 
months. They then search for a hard surface 
on which to settle and metamorphose into a 
juvenile oyster.

Young oysters tend to settle near other 
oysters, forming large aggregations, or beds. 
These beds help stabilize the muddy bottom 
of the estuary and may improve habitat con-
ditions for eelgrass, an important estuarine 
plant. Once settled, oysters are cemented 
to the substrate and remain attached to the 
substrate for the rest of their lives. The hard, 
complex surfaces provided by groups of oys-
ters provide a unique habitat in which other 
estuarine animals can hide, settle, or lay eggs. 
In this way, a substantial oyster population 
could increase species diversity. 
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Chapter 15: Crabs in the 
Coos Estuary

Dungeness Crabs: The Dungeness 
crab fishery is sustainably managed, 
allowing for continued stable 
Dungeness populations on the west 
coast in general. 

Red Rock Crabs: Red Rock crabs appear 
to have a healthy resident population 
in Coos Bay, although their populations 
are largely unstudied.

Other Crabs: More information is 
needed to properly assess these 
populations. Shore crabs appear 
abundant despite the introduction of 
the Atlantic mud crab. The status of 
subtidal crabs, pea crabs and kelp crabs 
has not been recently assessed.

Subsystems: CR- Coos River, CS- Catching Slough, HI- Haynes Inlet, IS- Isthmus Slough, 

LB- Lower Bay, NS- North Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay

Jenni Schmitt, Colleen Burch Johnson 
- South Slough NERR
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Chapter 15: 
Crabs in the Coos Estuary

This chapter includes three data 
summaries: Dungeness Crabs, Red 
Rock Crabs, and Other Crabs – 
each describing the most current 
research on the status and trends 
(where the data allow) of crab pop-
ulations in the Coos Estuary. 

The South Slough and Lower Bay are the two 
most studied subsystems for all crab popula-
tions and the only subsystems where infor-
mation is reported for red rock crabs (Cancer 
productus). Although Dungeness crabs (Can-
cer magister) are mainly found in the Lower 
Bay and South Slough subsystems, Dungeness 
crab populations have been studied in all sub-
systems except Pony Slough, Coos River and 
Catching Slough. Information about “Other 
Crabs” comes mainly from studies focusing 
on South Slough and the Lower Bay, and from 
limited studies in the Upper Bay, Isthmus 
Slough and Coos River subsystems. 

While all three crab-related data summaries 
include current and historical data, informa-
tion for Dungeness and red rock crabs is by far 
the most current. For example, recent creel 
surveys have been conducted by the Oregon 
Department of Fish and Wildlife (ODFW) to 
help understand Dungeness crab population 
trends (Ainsworth et al. 2012), and a new, 
though preliminary ODFW study informs us 
of red rock population structure in the Coos 

estuary (Groth et al. 2013). Much of the infor-
mation for the Other Crabs data summary is 
older, the most current being from deRivera 
et al. in 2005. 

Information in crab data summaries was 
derived from a variety of sources including 
theses (e.g., Dunn 2011), agency reports (e.g., 
Ainsworth et al. 2012), peer review literature 
(e.g., Shanks 2013), and personal communica-
tions with various researchers.

Data Gaps and Limitations

Dungeness Crab Data: Due to their economic 
importance, Dungeness crabs are the most 
studied of the crab species. However, ques-
tions remain about how Dungeness crabs use 
estuaries. 

For example, the migration of Dungeness 
between the estuary and the ocean is largely 
unstudied, although preliminary results from 
Groth et al. (2013) suggest seasonal move-
ment of Dungeness crabs in and out of the 
Coos estuary.

Another Dungeness crab-related question 
Oregon State University is investigating 
(with ODFW), is the possibility of genetically 
different subpopulations of Dungeness crab 
–important for understanding how to keep 
the Dungeness crab fishery sustainable since 
harvesting selectively among crab subpopula-
tions can affect genetic characteristics within 
a population and ultimately reduce the fisher-
ies’ productivity. (ODFW 2013).
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An ongoing ODFW study samples Dungeness 
crabs in the Yaquina and Alsea estuaries, 
collecting data on carapace width, weight, 
sex, epifaunal growth on carapace, missing 
appendages, parasite presence, and evidence 
of pitting (injuries), thus providing important 
abundance and health information (ODFW 
2013). A similar study in the Coos estuary 
could provide insight into the use of habitats 
by Dungeness crabs locally.

Red Rock Crab Data: Even though red rock 
crabs are recreationally harvested, this native 
crab has been largely unstudied. However, 
ODFW is now gathering much-needed infor-
mation (e.g., growth rates) that may contrib-
ute to our understanding of how red rock 
crabs use the Coos estuary. 

Other Crabs Data: More information is 
needed on other crabs in the Coos estuary. 
The most comprehensive targeted study is 
Queen’s thesis from 1930 which provides an 
excellent historic baseline for other crabs in 
the Coos estuary but is obviously of limited 
use for understanding the status of current 
crab populations. Most needed is informa-
tion characterizing the current distribution, 
productivity, and habitat usage by the large 
variety of non-Dungeness crabs that use the 
Coos estuary – especially subtidal crabs, pea 
crabs (Pinnixa faba), and kelp crabs (Pugettia 
producta), about which there is especially 
limited information.  

Non-Indigenous Crabs

While there is mention in this chapter of a 
non-indigenous crab species (Atlantic mud 
crab— Rhithropanopeus harrisi), the status 
of non-native crab populations in the Coos 
estuary, including invasive species such as the 
European green crab (Carcinus maenas) are 
discussed in full in Chapter 18: Non-Indige-
nous and Invasive Species.  
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How the Local Effects of 
Climate Change Could Affect 
Crabs in the Coos Estuary
There are several climate-related changes expected on the Oregon coast 
that have the potential to affect crab populations in the Coos estuary:

 � Ocean acidification is expected to cause 
a multitude of effects on crabs including 
low molt success rate and decreased larval 
survival. 

 � Warming oceans, sea level rise, and 
hypoxia events are all likely to stress crab 
populations, most likely causing a shift in 
range, distribution, and habitat use.

 � Increasing ocean temperatures will also 
likely affect survivorship of multiple crab 
species. 

 � Changes in ocean currents are expected to 
affect recruitment of larvae to the estuary 
and alter nutrient availability.

Juvenile Red 
Rock Crab
Photo: ODFW

Porcelain Crab
Photo: UC Berkeley

Kelp Crab
Photo: 
Scott Groth

With Oregon’s Dungeness crab (Cancer 
magister) fishery certified sustainable by the 
Marine Stewardship Council, one naturally 
wonders whether the fishery can remain 
sustainable and robust should permanent 
climate-influenced changes take place in the 
Coos estuary and nearshore ocean. Scientists 
are also concerned about climate-related 
effects on habitats associated with the other 

estimated 30 species of crab living in our 
estuary. Climate-related changes will likely 
come from the increasing acidification and 
temperature of ocean and estuary waters, 
hypoxia (low dissolved oxygen levels) in ocean 
and estuary waters, sea level rise, and change 
in oceanographic conditions, each of which 
are discussed below.
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Ocean Acidification

Increasing acidic conditions in the ocean are 
expected to have major consequences for 
invertebrates with shells or exoskeletons, 
such as crabs. For example, adverse effects of 
ocean acidification were found in laboratory 
experiments by Long (2013) who found that 
only 25% of female red king crabs (Paralith-
odes camtschaticus) molting in acidified wa-
ter were able to molt successfully, while 100% 
of those in the control group (standard ocean 
salinity) successfully molted. 

Long also made the surprising observation 
that for many crab species — including 
Dungeness crab — calcium content in freshly 
molted crab exoskeletons is higher in acidi-
fied water than those molting in standard sea 
water. Long suggests this is most likely due to 
the ability of many crab species to increase 
their internal pH during a molt cycle; the 
increased pH range between their bodies and 
the more acidified water could lead to a high-
er calcium content in exoskeletons. However, 
this physiological process comes at a high en-
ergetic cost, seen in the drastic depletion of 
lipid reserves in molting adults, leaving them 
depleted of a major energy source required 
for proper growth. In further experiments, 
Long saw survival of red king crab larvae de-
crease by 13% in acidified water. 

Intertidal crabs live in a constantly fluctu-
ating environment as the relatively stable 
conditions of high tide give way to stressful 
low tide conditions. Changes in oxygen and 
pH can be drastic and occur very rapidly in 
shallow isolated tide pools, but these chang-

es are temporary and only last until the next 
high tide. Ceballos-Osuna et al. 2013 found 
that the intertidal porcelain crab (Petrolisthes 
cinctipes) had 30% reduced survival of juve-
niles when continuously exposed to low pH 

 

Ocean Acidification

Since the late 18th century, the average 

open ocean surface pH levels worldwide 

have decreased by about 0.1 pH units, a 

decrease of pH from about 8.2 before the 

industrial revolution to about 8.1 today. 

A 0.1 change in pH is significant since it 

represents about a 30 percent increase in 

ocean acidity (the pH scale is logarithmic, 

meaning that for every one point change 

in pH, the actual concentration changes by 

a factor of ten). Scientists estimate that by 

2100 ocean waters could be nearly 150% 

more acidic than they are now, resulting 

in ocean acidity not experienced on 

earth in 20 million years. The best Pacific 

Northwest ocean acidification data we 

have so far are from the Puget Sound area 

where pH has decreased about as much 

as the worldwide average (a decrease 

ranging from 0.05 to 0.15 units). 

Sources: Feely et al. 2010, NOAA PMEL 

Carbon Program 2013
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waters. Therefore, intertidal organisms that 
are presently tolerant to brief changes in pH 
could still be detrimentally affected by ocean 
acidification.

Increasing Ocean Temperatures

One consequence of a warming ocean may 
be decreased stability in ocean habitats, and 
thus decreased survivorship of multiple crab 
species. Brown and Terwilliger (1999) found 
that Dungeness crab megalopae and first 
instar juveniles are more temperature sensi-
tive than older crabs, in part because they are 
spawned in stable ocean conditions before 
moving to the warmer and more fluctuating 
temperatures in estuaries during their adult 
stage. Destabilizing the ocean conditions 
would likely have deleterious effects on the 
crab’s sensitive younger stages. Brown and 
Terwilliger also noted that survival at all 
larval stages decrease as water temperatures 
approach 20° C (68° F). To put this in perspec-
tive, ocean waters near Coos Bay ranged be-
tween 8.6° and 18.2° C (47.5° and 64.8° F) in 
2011 (NOAA National Data Buoy Center n.d.), 
suggesting that further research is needed to 
understand how rising ocean temperatures 
over the next several decades could ultimate-
ly stress crab juveniles past their limit in the 
Coos estuary. 

Others have documented temperature-re-
lated stresses on crab physiology and life 
histories. For example, Wild (1980) found that 
increases in water temperature decreased 
hatching success of Dungeness crab eggs, es-
pecially when temperatures over 13° C (55° F) 
were reached. On average, 685,000 eggs per 

 

Increasing Ocean Temperatures 

Worldwide, ocean temperatures rose at 

an average rate of 0.07° C (0.13° F) per 

decade between 1901 and 2012. Since 

1880, when reliable ocean temperature 

observations first began, there have been 

no periods with higher ocean temperatures 

than those during the period from 1982 – 

2012. The periods between 1910 and 1940 

(after a cooling period between 1880 and 

1910), and 1970 and the present are the 

times within which ocean temperatures 

have mainly increased.

Describing how the worldwide trend 

translates to trends off the Oregon coast 

is a complicated matter. Sea surface 

temperatures are highly variable due to 

coastal upwelling processes and other 

climatic events that occur in irregular 

cycles (e.g., El Niño events). We do have 27 

years (1967-1994) of water temperature 

data collected from near the mouth of 

the Coos estuary that indicate through 

preliminary analyses a very weak trend 

towards warming water temperatures. 

Fifteen years (1995-2010) of data from 

multiple stations further up the South 

Slough estuary show very little water 

temperature change.  

Sources: USEPA 2013, SSNERR 2013, Cornu 

et al. 2012
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crab hatched in 10° C (50° F) water, while only 
14,000 per crab hatched at 16.7° C (62° F)
(Wild 1980). Normal development from egg 
to larvae in Oregon takes place between 10° 
and 13.9° C (50° and 57° F)(Rasmuson 2013).

Stillman (2003) reported that thermal stress 
from global climate change may already be 
affecting intertidal species such as porcelain 
crabs (Petrolisthes cinctipes). This has been 
seen in Monterey, California with a decline 
in Porcelain crab abundance of over the past 
60 years, corresponding to a rise in water 
temperature. Stillman suggests that those 
species that have evolved to survive high 
temperatures for short periods of time, such 
as intertidal crabs, are already near the limit 
of their maximal temperature and will there-
fore be particularly susceptible to sustained 
increases in water temperature.

Another likely outcome of warming oceans 
is a shift in the timing of larval development. 
This means that the evolutionarily estab-
lished timing of crab larvae development may 
no longer remain in sync with the seasonal 
blooms of their planktonic food sources 
(Pörtner and Farrell 2008). Moreover, warm-
er ocean waters are expected to change the 
community composition of the nearshore 
ocean, including upper trophic food web 
organisms (e.g. salmonids), which rely on crab 
larvae as a main component of their diets 
(Pörtner and Farrell 2008). 

A warming ocean is also likely to cause a shift 
towards the poles in all invertebrate species 
as well as a vertical shift towards deeper, 

cooler habitats, changing the population 
dynamics in the estuary and nearshore ocean 
(McConnaughey and Armstrong 1995). Espe-
cially apparent will be population changes in 
species where the Coos estuary is near the 
Northern or Southern extent of their range. 
(e.g., the pygmy rock crab, Cancer oregonen-
sis). 

Hypoxia Events

Hypoxic conditions can stress crabs, especially 
subtidal populations, which are not regularly 
exposed to low oxygen conditions. Increas-
ing temperatures compound the effects of 
hypoxia. In turn, hypoxic events can reduce 

 

Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. 

For example, according to the National 

Research Council (2012), predicted 

SLR rates for the area to the north of 

California’s Cape Mendocino (the study’s 

closest site to the Coos estuary), are 

reported as high as +23 cm (9 inches) by 

2030; +48 cm (19 inches) by 2050; and 

+143 cm (56 inches) by 2100 . 

Sources: NOAA Tides and Currents 2013, 

NRC 2012
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the thermal tolerance of some crabs. This 
problem will be particularly relevant to inter-
tidal crabs, which are sometimes living near 
the limit of both their thermal and hypoxia 
tolerance (Metzger et al. 2007).

Sea Level Rise

Drowned river valleys, such as the Coos 
estuary, provide valuable intertidal habitat 
to numerous crab species. If sedimentation 
rates do not allow intertidal marshes to keep 
pace with sea level rise, many of these areas 
may be lost due to rising sea levels, especially 
where no low elevation lands exist for the 
marshes to migrate to (McConnaughey and 
Armstrong 1995).

Change in Oceanographic Conditions

Changes in oceanographic conditions, such as 
local wind patterns, ocean currents or other 
weather cycles, raise questions about how 
the local effects of long term climate change 
will affect the distribution of pelagic larvae, 
the timing of spring transition and the re-
cruitment of crabs into the Coos estuary. It is 
unclear what exact effects these changes will 
have on the planktonic larval phase of crabs, 
but it is likely recruitment will be altered 
(McConnaughey and Armstrong 1995). Shifts 
in the timing or strength of spring transition 
will also alter nutrient availability for larvae, 
affecting their health and survival (McCon-
naughey and Armstrong 1995). 
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Dungeness Crabs 
in the Coos Estuary
Summary: 

 � Despite 90% of the legal-sized 
male Dungeness crab population 
being taken by commercial 
crabbing each year, ODFW data 
indicate that the Dungeness crab 
fishery remains sustainable.

 � Decadal variations in ocean 
currents along with the timing 
of spring upwelling conditions 
ultimately determine yearly adult 
Dungeness crab populations in 
the Coos estuary.

Recent 
Dungeness 
crab study 
locations.

Adult
Dungeness 
Crab

Dungeness 
Crab 
Megalope

What’s happening?

Oregon Department of Fish and Wildlife’s 
commercial Dungeness crab (Cancer magis-
ter) landings data provide resource managers 
and scientists with a very reliable index of 
four year old adult Dungeness crab popu-
lations in Oregon estuaries (S. Groth and A. 
Shanks, pers. comm., April 2012). These data 

indicate that the Dungeness crab fishery has 
been healthy and robust for decades (Figure 
1) despite the fact that commercial crabbers 
harvest about 90% of the commercially avail-
able male Dungeness crab population most 
years (Ainsworth et al. 2012). 
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Figure 1. Oregon commercial Dungeness crab landings (millions of pounds) by season (1947-48 through 2012-13 crab seasons). 
Graph ODFW 2001.   

Figure 2. Number of active vessels and estimated number of pots used in Ore-
gon’s commercial Dungeness crab fishery from 1977-78 to 2012-13 crab seasons. 
Graph ODFW 2001.   

We should note that some of the recent 
increases in commercial landings may actually 
be due to long-term cyclical changes in North 
Pacific climate, the latest cycle of which hap-
pened to benefit crab populations (A. Shanks, 
pers. comm., April 2012; see more in Why is it 
happening?). 

Figure 2 shows the number 
of commercial crab pots and 
vessels engaged in crabbing 
in Oregon between 1977 and 
2012, illustrating relatively 
recently established crab fish-
ery management measures. 
Limited entry to the fishery 
(limited number of permits 
issued) began during the 
1995-96 season; limits on the 
number of crab pots used by 
permit holders began during 
the 2006-07 season. These 

measures help maintain the sustainability of 
the commercial Dungeness crab fishery.  

The recreational Dungeness crab fishery, 
another important element of the coastal Or-
egon economy, also appears to be stable. This 
is good news since according to Dean Runyan 
and Associates (2009), recreational shellfish 
harvests contribute $172 million to Oregon’s 
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Figure 3. Recreational Dungeness crab catch per person in Coos Bay 2008-2013. Graph: ODFW 2001. 

Figure 4. Most popular crabbing locations in the Coos estuary. 
Data: ODFW 2001.

economy. The Coos estuary is one of Oregon’s 
most popular clamming and crabbing des-
tinations. Recreational crabbing (mainly for 
Dungeness crabs) comprises a large percent-
age of the recreational crab harvest in Coos 
Bay. 

Figure 3 shows the relative stability of the 
recreational crab catch in the Coos estuary in 

recent years and Figure 4 shows where over 
98% of the recreational crabbing effort takes 
place in the Coos estuary (Ainsworth et al. 
2012). 

According to Ainsworth et al. (2012) in their 
survey of Oregon’s Dungeness crab fishery 
for 2007-11, crabs harvested from the Coos 
estuary were among the largest of all bays 
surveyed (likely due to the greater ocean 
influence in the lower Coos estuary), with a 
mean weight of 643.5 g (1.42 lbs) averaged 
over four years of data.  They note that while 
recreational crabbing effort has not changed 
significantly statewide since 1971, effort has 
actually decreased in Coos Bay. And despite 
that decrease in effort, Coos Bay’s recreation-
al crab harvests have increased. Over 40,000 
crabs were caught in Coos Bay in 1971, while 
in more recent times (2007-2011) the rec-
reational catch averaged between 86,000-
136,000 crabs per year (likely due to improve-
ments in fishing gear, changes in bait, and 
larger and more efficient boats). 

Current Oregon Department of Fish and Wild-
life (ODFW) commercial crabbing regulations 
protect recreational crabbers’ share of the 
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Dungeness crab harvest (i. e., shorter seasons 
and larger size limit for commercial crabbers). 
Without this protection, the recreational fish-
ery would be greatly affected by the commer-
cial crabbing industry (Ainsworth et al. 2012). 

Why is it happening?

Dungeness crabs inhabit estuaries and off-
shore waters from Alaska to Monterey Bay, 
California (Ricketts et al. 1985). In the Coos 
estuary, they’re found in the South Slough, 
the lower and upper Coos estuary, and the 
Isthmus Slough (Figure 5)(Miller et al. 1990; 
deRivera et al. 2005; Ramsay 2012).

Like all crabs, young Dungeness crabs first live 
in the water column as “planktonic larvae,” 
first as crab zoea (2.1 mm-10 mm, 0.08 in-0.4 

in) and then as pea-sized megalopae. Ulti-
mately, they develop into small juvenile crabs, 
settle out of the water column, and begin 
living on intertidal and subtidal channel bot-
toms, mudflats, and in eelgrass beds. 

Understanding both the larval and settled 
life stages of juvenile Dungeness crabs helps 
us understand the status and trends of 
adult crab populations. Research conducted 
locally by Shanks and Roegner (2007) linked 
the number of Dungeness crab megalopae 
settling in the Coos estuary with the num-
ber of adult crabs caught locally four years 
later (simplistically, more megalopae = more 
adults). Further, they determined that the 
number of Dungeness crab megalopae set-
tling in the Coos estuary is correlated with 
the timing of the spring transition, when low 
productivity wintertime ocean conditions off 
the Oregon coast shifts to high productivity 
summertime ocean conditions (productivity 
determined by north wind-driven upwelling 
in the summer and south wind-driven down-
welling in the winter). Shanks and Roegner 
report that early spring transitions result in 
greater the numbers of megalopae settling, 
and four years later, more adult crabs avail-
able for harvest.

Shanks (2013) has also described planktonic 
Dungeness crab larvae movement relative to 
Pacific Decadal Oscillation (PDO) patterns: 
patterns in which oceanic and ocean-related 
climate conditions shift every 20-30 years 
from cold phases to warm phases and back 
again. Figure 5. Study stations where Dungeness crabs were found 

during surveys . Data from deRivera et al. 2005, Ramsay 2012 
and Miller et al. 1990.



Crabs in the Coos Estuary 15-15

A cold phase of the PDO, which our region 
has been experiencing locally since 1999 
(NASA JPL 2000), strengthens the south-flow-
ing California Current. This causes megalopae 
to accumulate along the Washington and 
Oregon coasts, and thus creates extraordi-
nary high returns of megalopae to the Coos 
estuary and surrounding area. During a warm 
phase of the PDO, the opposite occurs. Adult 
Dungeness crab populations are reduced in 
Oregon waters as the California Current is 
weakened, allowing the stronger, north-flow-
ing Gulf of Alaska Current to pick up the meg-
alopae and move them northwards. Shanks 
showed that cold phase PDO, paired with 
early spring transition and constant spring 
upwelling, creates conditions for the highest 
crab megalopae returns to the Coos estuary 
system. 

The quality and type of habitat where crabs 
settle out of the water column also influ-
ences adult crab populations. Armstrong et 
al. (2003) determined juvenile Dungeness 
crab density and abundance by age class in 
several Oregon and Washington estuaries 
while also considering the influences of water 
temperature, salinity, sediment composition 
and habitat. They found the habitat with the 
highest juvenile crab density was what they 
called Lower Side Channel habitat, character-
ized by higher summer temperatures, shallow 
depths, extensive intertidal areas, and high 
shell and macroalgae cover. Other habitats 
called Lower Main Channel habitat and the 
Upper Estuary habitat were also described 
and were characterized as follows: Lower 
Main Channel was defined as being adjacent 

to the estuary mouth, with cold summer 
temperatures, high salinity, deep channels, 
little ground cover, and few intertidal zones; 
Upper Estuary is indicated by the warmest 
summer temperatures, low salinities, mod-
erate amounts of intertidal habitat, and high 
amounts of cover (mainly from shell and 
woody debris). 

In the Coos estuary, the Lower Side Channel 
habitat averaged a juvenile Dungeness crab 
density of about 1,300 crabs/ha, compared to 
the Lower Main Channel habitat (600 crabs/
ha) and the Upper Estuary habitat (700 crabs/
ha)(Figure 6). Although it contains the most 
productive (and thus most dense) habitat, the 
Lower Side Channel makes up only 11% of 
the estuary. Due to its small size this habitat 

Figure 6. Trawl stations from Armstrong et al. 2003. Map shows 
partitioning of the Coos estuary into Lower Side Channel, Low-
er Main Channel and Upper Estuary habitat types.
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supports the smallest overall Dungeness crab 
population in the Coos estuary, with a total 
summer abundance around 300,000 juvenile 
crabs. The Lower Main Channel represents 
64% of the estuary and thus supports the 
biggest population with a total summer 
abundance around 850,000 juvenile crabs, 
while the Upper Bay supports nearly 500,000 
juvenile crabs.

Another study by Ramsay (2012) shows the 
importance of oysters as habitat refuge for 
juvenile Dungeness crabs. Ramsay deter-
mined juvenile Dungeness crab densities in 
three habitat types: native oysters, non-native 
oysters, and eelgrass. At the Isthmus Slough 
study site (Figure 7), juvenile crabs used na-

tive oyster habitat (5 crab/m2) far more than 
adjacent eelgrass habitat (0 crab/m2). At the 
Haynes Inlet site, crab densities were higher 
in Japanese Oyster habitat (8.5 crab/m2) than 
in adjacent eelgrass habitat (0.57 crab/m2), 
though crab refuge provided by commercial 
oyster beds is thought to be temporary due 
to the frequent disturbances in those areas 
(S. Groth, pers. comm., 2014). Ramsay’s study 
did not discern a significant difference in den-
sity by oyster species.

Adults also prefer specific habitats. Results 
from McMillan et al. (1995) found adult 
densities to be highest in habitats containing 
mixed sand and gravel along with macroal-
gae or eelgrass, while the lack of complexity 
in open sand habitats resulted in the fewest 
crabs. Intertidal zones are also important 
as they provide crucial foraging habitat for 
Dungeness crab adult, as seen in studies at 
Willapa Bay (Holsman et al. 2006).
 
Brooding female Dungeness crabs appear to 
require sandy habitat (Rasmuson 2013). Due 
to the large number of eggs they carry under 
their abdominal flap, female Dungeness bury 
themselves in sand up to 10 cm (4 in.) deep 
to hold the eggs in place, limiting their move-
ment (Rasmuson 2013). 

Estuaries not only provide excellent habitat 
for juvenile and adult Dungeness crabs, they 
also may provide refuge from some parasites 
that may otherwise threaten the health of 
adult Dungeness crab populations. Oregon 
Institute of Marine Biology researcher Paul 
Dunn (2011) examined the effects of the 

Figure 7. Study sites from Ramsay 2012, showing juvenile 
Dungeness crab density (per m2) in eelgrass, native oyster 
and commercial oyster habitats. Numbers on bars represent 
average density in that habitat type
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Figure 8. Study site locations from Dunn 2011, showing per-
centage of Dungeness crabs caught that were infected with the 
parasitic worm. Locations near the mouth of the estuary show 
higher infection rates.

parasitic worm (Carcinonemertes errans) on 
adult Dungeness crabs. Dunn documented 
parasitic feeding on the egg masses of female 
crabs, which caused potentially significant 
brood loss. Dunn investigated the relative 
abundance of this parasitic worm in the 
Dungeness crab population and found that 
crabs living closest to the mouth of the es-
tuary were infected with greatest number of 
parasites (Figure 8), and that crabs sampled in 
nearshore ocean waters had more parasites 
than crabs sampled from estuarine waters. 

This difference suggested that the parasite’s 
salinity tolerances were different than those 
of their hosts, which means that estuarine 
waters may act as a refuge for crabs from C. 
errans parasites. In fact, Dunn reported that 

Dungeness crabs can tolerate salinities rang-
ing from 11 to 35, preferring salinities over 
20 (Cleaver 1949, Robinson & Potts 1979), 
and determined that only 50-70% of juvenile 
parasitic worm parasites survived 2 days at a 
salinity of 10. 

These results suggest that there may be 
more to the story because reduced estuarine 
salinity explained some, but not all parasite 
loading. Dunn indicated that C. errans larvae 
prefer to settle on crabs already infected with 
juvenile worms, providing another piece to 
the puzzle. 
 
ODFW’s Ainsworth and Groth (pers. comm. 
2014) report that egg-carrying female Dunge-
ness crab have never been found in estuarine 
waters (only in the nearshore ocean), which 
confounds scientists’ ability to conclusively 
decide whether estuarine waters provide ref-
uge from the parasites for Dungeness crabs. 
Parasites documented on Dungeness crabs in 
estuarine waters have been found in relative-
ly low numbers on male crabs (in clusters at 
the base of their walking legs). They report 
that the presence of these parasites on the 
male Dungeness crabs decreases in lower 
salinity waters in the upper estuary.
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Red Rock Crab 
in the Coos Estuary
Summary: 

 � The population of red rock 
crab appears stable in the 
Coos estuary but more data 
are needed to understand the 
population dynamics of this 
species.

Location of red rock 
crab study sites.

What’s happening?

Oregon Department of Fish and Wildlife 
(ODFW) regulates the harvest of red rock 
crab (Cancer productus) less rigorously than 
Dungeness crab, allowing any size or sex to 
be taken and a limit of 24 crabs per person 

per day. Despite this, scientists think red rock 
crab populations may be relatively stable in 
the Coos estuary. Preliminary results from 
a crab tagging study by Groth et al. (2013) 
show relative stability in Coos Bay’s red rock 
crab’s size distributions compared with those 
of Dungeness crab, though Groth urges 
caution on this point because the results may 
simply be highlighting red rock crab’s high 
site fidelity (S. Groth, pers. comm., 2014). He 
also found that all red rock crab age classes 
are found year round within the estuary, 

Adult
Red Rock Crab

Juvenile Red 
Rock Crab
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which differs from Dungeness crabs (larger 
crabs are found inside the estuary in the fall 
and smaller crabs in the spring and summer)
(Figure 1). This work suggests, at minimum, 
the importance of the estuary as a year-round 
habitat for red rock crabs.

Distribution in the Coos Estuary

Red rock crab adults are found among rocks 
and hard bottom substrates. They’re found 
mostly in estuarine habits and infrequently 
outside estuaries (e.g., nearshore ocean bot-
tom, where Dungeness crabs are abundant)
(S. Groth, pers. comm., 2013).

Figure 1. Density of different 
size classes of female red 
rock crab compared to 
Dungeness crab, shown 
across three seasons. Red 
rock crab population struc-
ture is similar spring, fall and 
summer, while Dungeness 
crab sizes shift seasonally. 
Graph (preliminary data): 
Groth et al. 2013.
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Red rock crabs do not burrow and tend 
to avoid sandy substrates as they lack any 
straining apparatus for sand removal (Rudy 
et al. 2013). They have been found at Crown 
and Collver Points in South Slough (deRivera 
et al. 2005) as well as the inner boat basin 
in Charleston (S. Groth, pers. comm., 2013). 
deRivera et al. (2005) found the highest num-
bers of red rock crabs closest to the mouth of 
the South Slough and found them conspicu-
ously absent at their Winchester Creek and 
Sengstacken Arm study sites in the upper 
South Slough estuary, possibly due to lack of 
suitable habitat (Figure 2). 

Red rock crabs are often found at the rocky 
dredge spoils areas north of Pigeon Point, in 
the greater Coos bay (Daly 1981) and have 
been found as far up the Coos estuary as 
McCullough Bridge in North Bend, even in 
wintertime when they prefer to stay in the 
deeper, more saline water (S. Groth, pers. 
comm., 2013). Because red rock crabs are 
osmoconformers whose body fluids match 
surrounding sea water salinity, they cannot 
tolerate brackish or fresh water for any length 
of time (Carroll and Winn 1989). Consequent-
ly, red rock crab distribution is influenced 
by tidally-driven salt water concentrations 
and are thus more commonly found in lower 
regions of the bay in times of large fresh-
water input (i.e., winter) and further up the 
bay during dryer periods (Daly 1981). During 
periods of high salinity in the upper estuary, 
red rock crabs outcompete both Hemigrapsus 
shore crab species for prime intertidal habitat 
(Daly 1981). 

An inventory of the abundance and spatial 
distribution of red rock crabs in the Coos 
estuary would be very useful to better under-
stand this ecologically important species.
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Other Crabs 
in the Coos Estuary
Summary: 

• As of 1981, the yellow shore 
crab and the purple shore crab 
were relatively abundant in 
rocky intertidal invertebrate 
communities in the Coos estuary 
(Daly 1981).

• More research is needed to 
evaluate status and trends for 
the numerous non-Dungeness 
crab species in the Coos estuary.

Figure 1. Location of other crabs study sites.

What’s happening?

In addition to Dungeness (Cancer magister) 
and red rock (Cancer productus) crabs, there 
are at least 30 known crab species historically 
found in the Coos estuary. Surprisingly little is 
known about the status of these crab species 
or how they’re using the estuary. Studies of 
these “other” crab species are either dated 
(e.g., Daly 1981) or included incidentally 
in other studies (e.g., deRivera et al. 2005)
(Figure 1). 

The most comprehensive study of other 
crabs is nearly 85 years old – a thesis from 
1930 completed by John Queen. Queen 
exhaustively surveyed 12 stations throughout 
the Coos estuary, finding 30 species of crab 
regularly using various habitats in the estu-

Yellow 
shore crab

Purple 
shore crab

Striped 
shore crab

Kelp crab

Graceful 
kelp crab
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ary (Figure 2). While Queen’s study provides 
an excellent historic baseline for other crabs 
in the Coos estuary, the data are obviously 
of limited use for understanding the sta-
tus of current crab populations. It’s worth 
noting that the Coos estuary has changed 
considerably since that study was complet-
ed, including major changes in bathymetry, 
hydrology and geography (e.g., in 1930 Pony 
Slough drained to the west, where the airport 
runway now is; there is now a jetty creating 
the Charleston inner boat basin; the main 
shipping channel has been dredged wider and 
deeper). As a result, crab habitats have also 
understandably changed dramatically, with 
some being augmented and some diminished.

Two introduced crabs (the Atlantic mud crab, 
Rhithropanopeus harrisi and the green crab, 
Carcinus maenas) were not documented in 
the 1930 study, but are relatively common 
now. Non-native and invasive crabs are dis-
cussed in Chapter 18: Non-Indigenous and 
Invasive Species. 

Several species (see below) have been stud-
ied since 1930, although none in the past few 
decades. We found no record of the remain-
ing species having been studied since Queen’s 
effort. 

The following information summarizes our 
current understanding of how different 
species of non-Dungeness crabs are using 
the Coos estuary. To fill the considerable data 
gaps about the status and trends of “other” 
crab populations in the Coos estuary, further 
research and monitoring of these species 
should be considered. 

Yellow Shore Crab: The yellow shore crab 
(Hemigrapsus oregonensis) is a native crab 
which, along with the purple shore crab (see 
following summary), dominates the inverte-
brate populations in the rocky intertidal areas 
of the Coos estuary (Daly 1981). Yellow shore 
crabs have been found in salinities as low as 3 
in the Coos estuary, which overlaps with the 
salinity range of the non-native Atlantic mud 
crab (Rhithropanopeus harrisi). Anywhere 
their habitat ranges overlap, yellow shore 
crabs push juvenile Atlantic mud crabs into 
more freshwater habitats, effectively limiting 
the non-native crab’s populations in the Coos 
estuary (Jordan 1989). 

A more recent study in 2002 by Puls on the 
larval migration of the yellow shore crab 
provides some insights into the life history 
of this small crab. Puls captured over 43,000 
yellow shore crab larvae in four plankton 
sampling sessions in South Slough and went 
on to describe how, over a four to five week 
period, newly spawned larvae are exported 
from the estuary to the ocean where they 
develop. They are then most likely imported 
back into the estuary as more mature crab 
“megalopae” before finally settling out in the 
estuary’s rocky intertidal areas as adult crabs. 
However, little is known about returning 
megalopae numbers or abundance of adults 
in the estuary.             

Purple shore crab: The purple shore crab 
(Hemigrapsus nudus), along with the yellow 
shore crab, represent a dominant portion 
of the macrofauna found in rocky intertidal 
areas in the Coos estuary, with densities ex-
ceeding 100/m2 (Daly 1981). The purple 



Crabs in the Coos Estuary 15-25

Figure 2. Location of Queen’s 1930 study sites. Size of symbol over each station shows the proportional number of crab
species found at that station. Also shown is a complete list of species and where they were found.
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shore crab frequently out-competes the 
yellow shore crab for their preferred refuge 
of large rocks in the estuary’s intertidal zone 
(Daly 1981). Rocks provide protection from 
predators and from desiccation and high 
temperatures during low tides. Large rocks 
are more stable from wave action and thus a 
highly valued resource for crabs. 

Striped shore crab: Also known as green 
shore crab, the striped shore crab (Pachy-
grapsus crassipes) dominates the rocky high 
intertidal zone in the Coos estuary and can of-
ten be found crawling among jetty rocks (Daly 
1981, Rudy et al. 2015). The northernmost 
range for this crab is near Newport, OR, prob-
ably determined by low winter temperatures 
(Hiatt 1948 as cited in Rudy et al. 2015). Puls 
(2002) investigated larval abundance of the 
striped shore crab and found low numbers 
present in South Slough (over 1,500 larvae 
counted over 3 sampling periods). This study 
speculated that the lack of suitable habitat for 
adult shore crabs in South Slough could ac-
count for the low crab larvae numbers there. 

Other crabs: Numerous other crabs can be 
found in the lower estuary in higher salinity 
waters including the pygmy rock crab (Cancer 
oregonensis), found at Fossil Point and Pigeon 
Point in the rocky lower intertidal and rarely 
found south of Oregon (Rickets et al. 1985); 
the kelp crab (Pugettia producta), found in 
the South Slough hanging onto kelp, eelgrass 
or pilings; the porcelain crab (Petrolisthes 
cinctipes), found at Pigeon Point under rocks 
or in mussel beds; and the hairy hermit crab 
(Pagurus hirsutiusculus), found in the South 

Slough at Collver Point or Metcalf Preserve, 
often under algae or eelgrass (Rudy et al. 
2015). The pea crab (Pinnixa faba) is a para-
sitic crab that primarily lives inside live gaper 
clams (Tresus capax), but can also be found 
in soft-shelled or bent-nosed clams (Rudy et 
al. 2015). Limited sampling by deRivera et al. 
(2005) did not find pygmy rock crab at any of 
four sampling sites in South Slough. Without 
additional research, the status of this species 
in the South Slough and other parts of the 
Coos estuary remains uncertain. 
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Chapter 16: Birds in the 
Lower Coos Watershed

Aquatic Birds: Waterfowl populations 
have generally increased while wading 
bird, shorebird, and seabird populations 
have remained generally stable.

Terrestrial Birds: Most terrestrial bird 
populations don’t exhibit clear trends, 
suggesting generally stable populations. 

Birds of Special Concern: Western snowy 
plover populations have recovered from 
low 1990-levels; Coos Bay’s North Spit 
appears to be one of the most productive 
snowy plover nesting habitats statewide. 
Both the marbled murrelet and northern 
spotted owl are declining throughout 
their range, but the rate of local decline 
appears to be slow relative to other areas 
in the Pacific Northwest.

Erik Larsen, Colleen Burch Johnson, Max 
Beeken - South Slough NERR

UPDATE

Subsystems: CR- Coos River, CS- Catching Slough, HI- 
Haynes Inlet, IS- Isthmus Slough, LB- Lower Bay, NS- North 

Slough, PS- Pony Slough, SS- South Slough, UB- Upper Bay
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Chapter 16: Birds in the 
Lower Coos Watershed

This chapter includes three data 
summaries: Aquatic Birds, Terres-
trial Birds, and Birds of Special 
Concern— which describe the status 
and trends (where the data allow) 
of birds in the Coos estuary and 
associated uplands. 

Aquatic Birds

The Aquatic Birds data summary focuses 
on birds primarily associated with aquatic 
habitats, including waterfowl, wading birds, 
seabirds, and shorebirds. Many aquatic bird 
species also depend on terrestrial resources. 

Where possible, information about the status 
and trends of aquatic bird species is present-
ed at several scales, including: Pacific Flyway 
(including several states); Oregon (statewide); 
Western Oregon (several counties); and Proj-
ect Area (several subsystems). 

For waterfowl, regional status and trends data 
(i.e., data for the entire Pacific Flyway) came 
from the United States Fish and Wildlife Ser-
vice (USFWS) 2014 Pacific Flyway Data Book 
(Olson 2014). This source provides estimates 
for both historic and current waterfowl abun-
dance in the Pacific Flyway, with information 
dating back to as far as 1955 in some cases.

The Pacific Flyway Data Book was supple-
mented by USFWS Online data query tools, 

which contains information about waterfowl 
in both Oregon and western Oregon (USF-
WS 2014a). This tool provided data for both 
historic (as old as 1965) and current (2014) 
midwinter population estimates. USFWS data 
at the statewide level are presented along 
with results from the United States Geological 
Survey’s North American Breeding Bird Sur-
vey (BBS), which details statewide abundance 
trends (1966-2014) at 144 sites in Oregon 
(USGS 2014). 

Within the project area, data characterizing 
waterfowl abundance came from the Audu-
bon Christmas Bird Count (CBC), conducted 
by the Cape Arago chapter of the National 
Audubon Society (Figure 1)(Audubon 2014). 
The local CBC has been conducted regularly 
since 1972. However, data gaps occur in years 
when the CBC was not conducted (i.e., 2010, 
2014) and when the data were not entered 
into the Audubon web site (1987-1989). For 
the Aquatic Birds data summary, a 33-year 
CBC data range (1980-2013) was analyzed. 
CBC data from 1972 and 1974-1979 were 
excluded due to data formatting issues. Ad-
dressing those issues was beyond the scope 
of this project. 

For wading birds, seabirds, and shorebirds, 
data are available at both the statewide level 
and the local level. Similar to waterfowl, data 
at these scales came from the BBS and CBC, 
respectively (USGS 2014; Audubon 2014). 

Local data were supplemented by personal 
communications with local bird experts and 
unpublished manuscripts (Rodenkirk 2012; T. 
Rodenkirk, pers. comm., January 19, 2012). 
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Terrestrial Birds

This data summary focuses on birds that are 
primarily associated with terrestrial habitats, 
including raptors, owls, songbirds, fowl-like 
birds, doves and pigeons, hummingbirds, and 
woodpeckers. Many of these species also 
depend on aquatic resources.

Information about these species is presented 
at both a statewide and local level. Status 
and trends of terrestrial birds across Oregon 
came from the BBS (USGS 2014). Locally, data 
were provided by the Audubon’s CBC (Audu-

bon 2014). Additional information about the 
breadth of the BBS and CBC data is present-
ed above in the Aquatic Birds section. The 
presentation of data detailing local bird status 
and trends was supplemented by personal 
communications with local bird experts (T. 
Rodenkirk, pers. comm., January 19, 2012; R. 
Namitz, pers. comm., January 19, 2012). 

Birds of Special Concern

Western snowy plover (Charadrius alexandri-
nus nivosus; SNPL) data came primarily from 
the Oregon Biodiversity Information Center 
(ORBIC), which publishes the results of annual 
SNPL surveys in a series of reports (Lauten et 
al. 2012). These data were supplemented by 
additional SNPL surveys conducted by others 
with special interests (e.g., the Jordan Cove 
Energy Project) and state-sponsored research 
by the United States Army Corps of Engineers 
and USFWS (Hewitt et al. 2006; USACE 2007; 
USFWS 2013a). 

Information about double-crested cormo-
rant (Phalacrocorax auritus; DCCO) popula-
tions came primarily from the United States 
Fish and Wildlife Catalog of Oregon Seabird 
Colonies (USFWS 2014b; Naughton et al. 
2007). These data are supported by a USGS 
assessment of cormorant population trends 
in western North America (Adkins and Roby 
2010). In addition, an Oregon Department 
of Fish and Wildlife (ODFW) study examining 
the cormorant diet composition in Oregon’s 
Tillamook estuary provided information about 
salmonid predation (Adrean 2013). 

Figure 1. The local Christmas Bird Count is divided into 12 sur-
vey areas. Due to various limitations (e.g., incomplete access, 
time and effort constraints), comprehensive coverage of the 
survey area is not possible. Effort is focused on areas that are 
both accessible and suitable habitat for birds. 1= Downtown 
Coos Bay, 2= North Bend, 3= Empire, 4= Charleston and Basten-
dorff, 5= Cape Arago, 6= South Slough, 7= Millicoma Marsh, 8= 
East Bay, 9= Horsefall and Upper Bay, 10= North Spit, 11= North 
Jetty, 12= Pelagic habitat, “51” = Coos Bay Water Board Lands. 
Data: Cornu et al. 2012
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Marbeled murrelet (Brachyramphus marmor-
atus; MAMU) population trends in the Pacific 
Northwest are well documented by a series 
of state-sponsored technical reports from 
the following agencies: United States Forest 
Service (USFS), United States Department of 
Agriculture (USDA), USFWS, Pacific North-
west Research Station, and Washington State 
Department of Natural Resources (Hamer 
and Nelson 1995, Raphael et al. 2011, Strong 
2010, Falxa et al. 2011). This information was 
supplemented by geographic information sys-
tem (GIS) shapefiles from USFWS and Oregon 
Department of Forestry marbled murrelet 
habitat designation (USFWS 1997 and 2011, 
ODF 2014).

Spotted owl (Strix occidentalis caurina) pop-
ulation trends are also well documented by 
state agencies including USDA, USFS, and Pa-
cific Northwest Research Station (Davis et al. 
2011; Forsman et al. 2013). This documenta-
tion was supported by independent research-
ers (Forsman 1976,1977; Zabel et al. 1996; 
Courtney et al. 2004). Spatial information and 
critical habitat designations came from USF-
WS publications (USFWS 2012, 2013b). 

Data Gaps and Limitations

The temporal and/or geographic scopes of 
the data are not comprehensive. As men-
tioned, CBC data gaps occur in years during 
which the CBC was not conducted (2010 and 
2014). An additional data gap occurs in 1987-
1989 when local CBC data were not reported 
to the Audubon database (T. Rodenkirk, pers. 
comm., 2015). 

In addition, CBC data collection is focused on 
areas of suitable habitat that are easily ac-
cessible, and may be limited by other factors 
(e.g., volunteer time constraints, volunteer 
training). 

The BBS is conducted along 144 bird observa-
tion routes across Oregon. David Ziolkowski 
(pers. comm., November 24, 2014) explains 
that these routes are randomly selected to 
create a sufficiently large sample in order to 
“represent habitats in proportion to their nat-
ural occurrence on the landscape.” He adds 
that multiple studies have shown that this 
sample design effectively represents bird hab-
itat, but, since “observational” routes occur 
along roads, open water habitats are slightly 
underrepresented while developed habitats 
are marginally overrepresented. 

Data from bird surveys are inherently subject 
to several “co-varying factors” that may be 
correlated with survey results (e.g., stylistic 
and skill differences between observers, sur-
vey effort, and habitat change). For example, 
imagine a hypothetical survey for which 
participation has increased steadily over time, 
and the raw data show that sightings have 
also increased. In this case, assuming that the 
number of sightings may be correlated with 
effort, it is difficult to determine what portion 
of the observed trend is due to a true change 
in bird abundance because some of the 
observed difference may have resulted from 
increased effort. 

To account for theses co-varying factors, 
the BBS processes its data using a Bayesian 
hierarchical model developed by the USGS 
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(2014). The model calculates a relative bird 
abundance metric. In some cases, the reliabil-
ity of model calculations is limited by defi-
ciencies in the data (e.g., small sample size, 
poor precision, etc.)(USGS n.d.).

No such model has been developed for the 
CBC. Consequently, only raw CBC data have 
been reported. The use of raw data presents 
a series of concerns and limitations. The raw 
CBC data have not been adjusted for: 

 � Misidentification- Although volunteers are 
generally very knowledgeable about local 
bird species, experts speculate that some 
data may contain bird species misidenti-
fications (particularly in the 1980s). For 
example, citizen scientists that partici-
pated in the CBC prior to 1982 may have 
misidentified long-billed curlew, mistaking 
this species for the whimbrel (Rodenkirk 
2012). 

 � The abilities of volunteers- For example, 
song identification is the primary means 
for detecting the swamp sparrow; this 
skill requires advanced birding knowledge 
(Rodenkirk 2012). Therefore, it’s difficult 
to determine if an increase in swamp 
sparrow sightings corresponds to a true 
abundance trend. 

 � Survey effort- Changes in effort may cor-
respond to changes in some abundance 
metrics (e.g., species diversity)(Figure 2). 

 � Habitat change- Habitat change within the 
survey area may result in a redistribution 
of bird species. For example, the natural 

succession of forest habitat in an undis-
turbed area may result in the redistribu-
tion of species that require open canopies 
to areas of less dense vegetation (e.g., 
clear cuts in the uplands), potentially re-
sulting in a lower raw count even though 
total abundance may remain unchanged. 

 � Climate variables (e.g., El Niño events)- 
The arrival and departure of migratory 
birds to the lower Coos watershed is 
often a function of climate variables (e.g., 
year-to-year changes in temperature 
and precipitation). In years with climatic 
anomalies, the timing of the CBC may not 
correspond with the presence of every 
species that winters in the Coos estuary. 

Figure 2. Christmas Bird Count data for both survey effort 
(red) and number of species recorded (yellow) is available 
from 1990-2013. These variables tend to “track” each other 
well, meaning that years with high effort tend to correspond 
to years with high avian diversity. Since the raw data have not 
been corrected for co-varying trends such as survey effort, it’s 
difficult to determine how much of an observed abundance 
trend may be due to true underlying patterns. Data: Audubon 
2014
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In lieu of statistical modeling, local bird 
experts were consulted to help distinguish 
between true abundance trends and ob-
served patterns likely caused by other factors 
(Rodenkirk 2012; T. Rodenkirk, pers. comm., 
January 19, 2012; R. Namitz, pers. comm., 
January 19, 2012). 

Consultation with local experts also helps 
identify known inaccuracies in the Audubon 
(2014) data. For example, Rodenkirk (pers. 
comm., 2015) explains that CBC volunteers 
frequently confuse the short billed curlew 
with the long billed curlew. Although the 
short billed curlew is a very rare sighting in 
the lower Coos watershed, the raw Audubon 
(2014) data report a high number of sightings 
on a regular basis. These inaccuracies are 
not corrected by the Audubon Society prior 
to publication. To avoid including inaccurate 
data, the trends from Audubon (2014) have 
been carefully scrutinized and compared 
against reliable, unpublished data from local 
experts (T. Rodenkirk, pers. comm., 2015).

The data may also be subject to technologi-
cal limitations. For example, counts of dou-
ble-crested cormorant colonies are conducted 
by low-altitude aerial photo analyses. In 
some cases, these methods limit experts’ 
ability to discern between cormorant species 
(J. Lawonn, pers. comm., 2014). This report 
only used data from aerial photos that were 
positively identified as double-crested cormo-
rants. 

Both the BBS and the Catalog of Oregon Sea-
bird Colonies use breeding population counts 
as proxies for abundance. Experts suggest, 

however, that the use of breeding popula-
tions alone may underestimate bird use of 
estuarine habitats since breeding population 
data don’t include non-breeding birds forag-
ing in the estuary (Adrean 2013). 

Both CBC raw data and BBS relative abun-
dance data are meant to index overall in-
ter-annual trends in bird abundance (i.e., 
changes in relative abundance from one year 
to the next). These data should not be inter-
preted as estimates of the total population 
size. Due to methodological differences be-
tween these surveys, extreme caution should 
be taken when making direct comparisons 
between data sources.

Finally, it should be noted that two sources 
were used in compiling marbled murrelet 
habitat data. Both data sources were com-
bined to produce a general idea of marbled 
murrelet nesting habitat abundance in the 
project vicinity. Federal critical habitat des-
ignation is based on computer modeling of 
habitat suitability and state habitat designa-
tion is based on field observations of marbled 
murrelet nesting behavior (ODF 2014, USFWS 
2011). 
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How the Local Effects 
of Climate Change Could 
Affect Birds of the Southern 
Oregon Coast
Several climate-related changes have the potential to affect 
critical bird habitat as well as abundance and distribution of 
birds on the southern Oregon coast:

 � Sea level rise could threaten the 
viability or existence of critical tidal 
wetland habitat.  

 � Changes in the timing of seasonal 
events such as migration and egg 
deposition could affect the reproductive 
success and survivorship of birds. 

 � Climate-related species range 
expansions/contractions could re-
organize the structure of native bird 
communities. 

This summary highlights general avian 
responses to anticipated climate-related 
changes on the southern Oregon coast, citing 
specific examples where possible. Since 
virtually all birds are highly mobile and many 
are migratory, information about habitats and 
climate trends both inside and outside the 
project area are relevant.

Due to the vast diversity of bird species on 
the southern Oregon coast and the variation 
of their life histories, a complete review of 
the anticipated effects of climate change for 
each species is beyond the scope of this proj-
ect. For species-specific inquiries not directly 
addressed by this climate change summary, 
please refer to species distribution models 
such as the Audubon Climate Report (Audu-
bon 2014b).  

Top: Brant geese
Photo: Jeffery Coats
Bottom: Common yellowthroat
Photo: Greg Lasley
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Addressing Uncertainty in Bird Response to 
Climate Change 

A substantial amount of uncertainty is in-
volved in predicting the local affects of 
climate change on birds. This uncertainty is 
summarized by the following factors: 

 � Magnitude of local changes: The magni-
tude of climate-related change is likely to 
vary across the landscape. For example, 
the effects of sea level rise (SLR) depends 
on local tides, currents, storm patterns, 
rates of local tectonic uplift, and other el-
ements that may dampen or amplify local 
SLR (Audubon 2014a). 

 � Migration: Since bird species are often 
migratory, they depend on a diverse chain 
of (sometimes distant) habitats for sur-
vival and reproduction (Audubon n.d.). 
Therefore, seemingly unrelated changes 
to climate in distant habitats may directly 
affect local bird populations. 

 � Adaptability: Audubon (2014a) explains 
that bird species’ responses to climate 
change may depend on individual spe-
cies’ ability to colonize new areas/adapt 
to changing conditions. They add that 
the responses of the more highly mobile, 
adaptable species are particularly difficult 
to anticipate. 

 � Competition and Predation: The response 
of one bird species to changing climate 
conditions can affect other bird species’ 
populations. Audubon (2014a) suggests 
that climate-related variables may result 

in a redistribution of predators or com-
petitors (including the shifting or expan-
sion of non-native bird species ranges) 
that may prevent birds from successfully 
colonizing areas even if they are “climati-
cally stable” (i.e., maintaining appropriate 
habitat conditions).

To address these uncertainties researchers 
use various data analysis methods. For exam-
ple, some perform “meta-analyses,” a robust 
compilation and analysis of data from multi-
ple studies (Parmesan and Yohe 2003, Root 
and Hughes 2005 cited from World Wildlife 
Fund [WWF] 2006). Others use models to 
generate a suite of different climate change 
and avian response scenarios (e.g., bioclimat-
ic models)(Audubon 2014b). 

Using these techniques, researchers have 
reached a general consensus that climate 
change is already affecting bird species 
behavior, distribution, and population dynam-
ics across the globe (WWF 2006, Audubon 
2014a, Parmesean and Yohe 2003). Changes 
in sea level, temperature, and precipitation 
have caused shifts in the timing of bird mi-
grations and reproduction timing/success, as 
well as shifts in birds’ geographic distribution. 

Sea Level Rise (SLR)

A diverse collection of birds rely on the food 
and shelter provided year-round by estuarine 
and near-shore ocean habitats for survival 
(Page et al. 1992). Additionally, many mi-
gratory species require these habitats for 
seasonal foraging during migration. The 
persistence and/or quality of these habitats 
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may be jeopardized by sea level rise (SLR). 
For example, intertidal mudflats and marsh-
es, which are critical habitats for many bird 
species, will be affected by SLR. Scientists 
have not yet determined whether those hab-
itats in the Coos estuary, whose elevations 
relative to tidal elevations are maintained by 
tidally-driven sediment inputs, will be able to 
keep pace with SLR. If not, those habitats may 
be significantly altered (“drowned”) by the 
higher tide levels associated with SLR. How-
ever, sedimentation rates may increase with 
SLR, which would allow mudflat and marsh 
elevations to remain constant relative to tidal 
flooding levels and would maintain viable 
estuarine bird habitat. 

Researchers suggest that SLR could change 
the character of intertidal bird habitats, 
because greater tidal ranges would cause 
increased salinity in brackish and freshwater 
habitats due to increased salt water inunda-
tion (Dalton et al. 2013; Glick et al. 2007). 
This transition may affect the distribution of 
birds who use these environments as foraging 
grounds, while forcing species who rely on 
less saline intertidal environments higher into 
the estuary (Dalton et al. 2013).  

The issues associated with SLR are exacer-
bated by continued development of coastal 
shore lands. Research has demonstrated that 
habitat disturbances from human activities 
and domestic pets can degrade bird habitat 
by reducing their foraging efficiency, disrupt-
ing opportunities to rest, and compromising 
breeding habitat (Lafferty 2001; Brown et al. 
2000; Powell and Collier 2000). Reproduction 
and survivorship may be reduced if continued 

SLR pushes birds towards habitats where they 
would be increasingly subjected to chronic 
disturbances. Similarly, bird habitats may be 
jeopardized in areas where marshes border 
developed land, because humans are unlikely 
to allow intertidal habitats to migrate inland 
in response to SLR due to the high value of 
real estate near the existing high tide zone 
(Glick et al. 2007; Yamanaka et al. 2013). 

Migration, Reproduction, and Climate 

Studies suggest that birds have modified their 
“phenology” (timing of important seasonal 
events such as migration and reproduction) 
in response to shifting climate variables 
(Rosenzweig et al. 2007, OCCRI 2010, Becker 
et al. 2007, Sydeman et al. 2009). For exam-
ple, meta-analyses indicate that the timing 

 

Sea Level Rise 

Our local NOAA tide station in Charleston 

has documented an average rate of sea 

level rise (SLR) of 0.84 mm (0.03 inches) 

per year averaged over the past 30 years 

(0.27 feet in 100 years). The rate of SLR 

is expected to accelerate over time. For 

example, the National Research Council 

(NRC), predicted SLR rates as high as +23 

cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 

for the area to the north of California’s 

Cape Mendocino (the study’s closest site to 

the Coos estuary).  

Sources: NOAA Tides and Currents 2013, NRC 2012
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of worldwide spring bird migrations occurred 
approximately 2-3 days earlier per decade 
(Parmesean and Yohe 2003, Root and Hughes 
2005 cited from WWF 2006). However, phe-
nology is changing much faster for certain 
species. For example, Root et al. (2003) 
concluded that common murres (Uria aalge) 
in North America are migrating up to 24 days 
earlier per decade as the climate continues to 
change. A similar relationship exists between 
climate and the timing of egg deposition, with 
bird species generally advancing the time 
of egg laying as the climate warms (Hussell 
2003; Dunn 2004). Shifts in phenology could 
affect the survivorship and reproductive 
success of bird species if they are unable to 
coordinate the timing of seasonal events with 
other important ecosystem processes (e.g., 
matching nestlings’ food demands with peak 
food supplies such as insects)(WWF 2006).

Climate change may further limit reproduc-
tion in birds by modifying species abundance 
and availability of high quality breeding 
habitat. Research shows that waterfowl abun-
dance in the northern Great Plains’ Prairie 
Pothole Region (PPR), which produces 50-80% 
of the continent’s breeding migrating duck 
population (Wong et al. 2012; WWF 2006), 
is correlated with climatic variables (e.g., soil 
moisture, precipitation, and temperature)(Po-
druzny et al. 2002; Bethke and Nudds 1995; 
Forcey et al. 2011; Sorenson et al. 1998). Even 
in the absence of precipitation changes, ex-
perts forecast that a marginal increase (~2.5° 
C) in average temperature from 1998 levels 
may reduce waterfowl habitat in the PPR by 
as much as 66% (Sorenson et al. 1998). 

The effects of climate on bird survival rates 
reaches beyond wetland breeding habitat 
for waterfowl. Bolger et al. (2005) found that 
drought in California corresponded to a 97% 
reduction in the reproductive success of four 
land bird species, including the wrentit (Cha-
maea fasciata), spotted towhee (Pipilo macu-
latus), California towhee (Pipilo crissalis), and 
rufous-crowned sparrow(Aimophila ruficeps), 
in semi-arid habitats. They anticipate these 
species are particularly vulnerable to climate 
change as precipitation is forecast to decrease 
and become more variable in California’s 
semi-arid bird habitats. 

Shifting Geographic Distributions

In addition to altering migration timing, birds 
appear to be expanding and contracting their 
ranges in response to climate change. For ex-
ample, Parmesean and Yohe (2003) analyzed 
studies of over 1,700 birds species across the 
globe and discovered “significant range shifts 
averaging 6.1 km (3.8 miles) per decade to-
wards the poles.” The Oregon Climate Change 
Research Institute (OCCRI 2010) suggests the 
same trend is happening in the Pacific North-
west, with local birds tending to shift their 
distributions northward as climate continues 
to change. 

Shifts in the geographic distribution of bird 
species are noteworthy because they essen-
tially “reshuffle” natural communities, intro-
ducing birds to new prey species, predators, 
competitors, parasites, and diseases (Root 
and Hughes 2005 cited from WWF 2006, 
Rocke and Samuel 1999). 
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In the project area uplands, the connection 
between climate-related range expansion and 
competition for resources is exemplified by 
the northern barred owl (Strix varia varia). 
Over the past 50 years, researchers have 
noted that the barred owl has expanded its 
range into southwestern Canada, the north-
ern Rockies, and the Pacific Northwest, where 
it’s invaded the range of the northern spotted 
owl (Strix occidentalis caurina)(Courtney et 
al. 2004). The United States Fish and Wildlife 
Service (USFWS 2013) recognize resource 
competition from the barred owl as a poten-
tial threat to the spotted owl. Some surveys 
on the Oregon coast show that the spotted 
owl decline corresponds to concurrent in-
creases in barred owl abundance, suggesting 
that this competitive threat may be substan-
tial in the forests surrounding the project area 
(Forsman et al. 2013). 

Bird species that do not have the flexibility to 
expand their range (e.g., island and mountain 
birds) are particularly vulnerable, because 
even moderate climate-related changes may 
exceed their ability to adapt by shifting migra-
tion or population distribution patterns (WWF 
2006). 

 

Neotropical Migrants in the Project Area

Local bird experts have noted an increase 

in the overwintering populations of several 

“neotropical migrant” species (common 

yellowthroats, orange-crowned warblers, 

and yellow-breasted chats). Neotropical 

migrants are birds that spend the summer 

in the northern temperate and polar 

latitudes and migrate south to the tropics 

where climate and food availability are 

more agreeable during winter months. 

This trend could be indicative of a general 

warming pattern in the temperate 

latitudes, although more data are needed 

to determine the exact correlation 

between climate change and neotropical 

migrant abundance.

Sources: T. Rodenkirk, pers. comm., 2012; 

R. Namitz, pers. comm., 2012; Audubon 

2014c; Cornu et al. 2012
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Terrestrial Birds in the Lower 
Coos Watershed 
Summary: 

 � Since 1980, some terrestrial bird species 
have become more abundant while others 
have declined. However, most birds show 
no clear trend, suggesting that local bird 
populations are generally stable. 

 � Neotropical migrants may be overwintering 
in the Coos system more frequently, a trend 
that could be correlated with changing 
climate.

 � Conservation efforts appear to have 
enhanced local populations for some key 
bird species (e.g., ospreys and bald eagles).

 � Some highly adaptable, 
“synathropic” species 
such as crows, ravens, 
pigeons, and doves may 
benefit from habitat 
created by human 
development

Figure 1. Terrestrial bird survey sites in and near the project area. Data: 
Rodenkirk n.d., USGS 2014 
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What’s happening? 

Raptors

This section summarizes the status and 
trends of raptor populations, including hawks, 
eagles, and other birds of prey. Regional 
data are presented at a statewide level using 
breeding population estimates as a proxy 
for abundance. A discussion of Coos estuary 
data, which use Audubon Christmas Bird 
Count (CBC) sightings to project trends in 
local raptor abundance, follows (Figure 1). 
The Local Raptor Trends section describes the 
status of raptor species that display the most 
apparent abundance trends since the 1980s.  

Statewide Raptor Trends 

The United States Geological Survey (USGS) 
Patuxent (MD) Wildlife Research Center 
(2014) conducts the North American Breeding 
Bird Survey (BBS), which includes 144 survey 
sites in Oregon. One of the Oregon sites is lo-
cated within the project area and three sites 

are located near the project area (Figures 
1 and 2). This survey is conducted annually 
along preselected observational “routes.” The 
BBS data are used here as indices of relative 
bird species abundance and should not be in-
terpreted as estimates of the total population 
size (D. Ziolkowski, pers. comm., November 
24, 2014).

Figure 3 displays the BBS abundance data for 
six raptors species that have displayed clear 
trends (1966-2012) in Oregon. It should be 
noted that some of these trends are subject 
to data limitations (e.g., small sample size) 
that can reduce the reliability of the results. 
Please see the chapter summary for more 
information about these limitations.

Local Raptor Trends

Below we focus on raptor species in the Coos 
estuary that show strong evidence of chang-
ing populations:  

Figure 2. USGS Patuxent Wildlife 
Research Center conducts the 
North American Breeding Bird 
Survey (BBS) along observational 
routes at 144 sites in Oregon 
(white), including one site within 
the study area (yellow). The proj-
ect area (cross hatch) has been 
highlighted for reference. Habitat 
within proximity to the project 
area (< 20 miles) is also highlight-
ed (see Figure 1 for reference). 
Data: USGS 2014
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Figure 3. North American Breeding Bird Survey (BBS) data for state-
wide abundance trends (1966-2012).The BBS data show six raptor 
species exhibiting clear trends over time. The American kestrel (Falco 
sparverius) has shown a statistically significant decline, while the 
Turkey Vulture (Cathartes aura) , osprey (Pandion haliaetus) , and 
Red-tailed Hawk (Buteo jamaicensis) have shown significant increases. 
Data: USGS 2014
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Osprey (Pandion haliaetus)

From 1980-1997, there were no Osprey 
sightings in the Coos estuary during the CBC 
(Audubon 2014, Rodenkirk 2012b, Cornu 
et al. 2012). However, since 1997, Ospreys 
have been sighted consistently, with 1-3 birds 
wintering annually (Audubon 2014; Rodenkirk 
2012; T. Rodenkirk, pers. comm., January 19, 
2012; Cornu et al. 2012, )(Figure 4).

Bald Eagle (Haliaeetus leucocephalus)

Historically, bald eagle populations were in 
danger of extinction throughout their range, 
but they have since recovered (USFWS 2013). 
The CBC data, which show a generally in-
creasing trend of midwinter eagle abundance 
in the Coos estuary, suggest that the overall 
recovery of this species may be mirrored by 
the recovery of local bald eagle populations 
(Figure 5).

Red-shouldered Hawk (Buteo lineatus)

Red-shouldered hawks were not sighted 
during the Coos Bay CBC until 1993. Sightings 
have generally increased since then, averag-
ing nearly 12 sightings annually from 2006-
2013 alone (Figure 6).

Other Raptors 

Many raptors species are abundant in the 
Coos estuary, but most of these birds have 
displayed neither clearly increasing nor clear-
ly decreasing population trends over time. 
Figure 7 summarizes CBC data for commonly 
sighted raptors in Coos Bay. 

Figure5. Coos Bay CBC data indicate that local midwinter bald 
eagle abundance has generally increased since 1980. Some 
data gaps occur during years in which the CBC was not con-
ducted (2010) or not reported (1987-89). Data: Audubon 2014, 
Rodenkirk 2012 Figure 6. Coos Bay CBC data indicate that local midwinter 

red-shouldered hawk abundance has generally increased since 
1980. Some data gaps occur during years in which the CBC was 
not conducted (2010) or not reported (1987-89). Data: Audu-
bon 2014, Rodenkirk 2012 

Figure 4. Osprey are commonly found in the Coos estuary 
during summertime, but CBC data indicate that the wintering 
population of osprey has increased over time. Photo Credit: 
B.N. Singh taken from Cornell 2014
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Owls

This section discusses trends in owl abun-
dance at a statewide level as well as locally. 
Emphasis is given to species whose popula-
tions have displayed clear trends over time.

The northern spotted owl (Strix occidentalis 
caurina) and the northern barred owl (Strix 
varia varia) are mentioned here briefly. 
Trends for these species are discussed in 
further detail in the Birds of Special Concern 
data summary.

Statewide Owl Trends 

The great horned owl (Bubo virginianus) 
is the only owl species surveyed by BBS to 
exhibit a clear trend (Figure 8). It appears 

great horned owl populations are decreasing, 
though the trend is not statistically significant.

Research suggests that the northern barred 
owl and northern spotted owl have exhibit-
ed clear trends at a regional level. Since the 
early 1990s, the barred owl has expanded its 
range into southwestern Canada, the north-
ern Rockies, and Pacific Northwest, while the 
spotted owl has declined throughout its range 
(Courtney et al. 2004, Davis et al. 2011, Zabel 
et al. 1996, Forsman et al. 2013). 

Owls in the Lower Coos Watershed

Few owl species appear to exhibit either 
clearly increasing or clearly decreasing pop-
ulation trends in the project area. The excep-
tions are the northern spotted and barred 

Figure 7. Common raptor 
species that display 
neither clearly increasing 
nor clearly decreasing 
population trends in the 
Coos estuary (1980-2013). 
Data: Audubon 2014, 
Rodenkirk 2012; Bird 
Sketches: Csuti et al. 1997
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owls. In upland habitats associated with the 
lower Coos watershed, spotted owl popula-
tions have declined while barred owl popula-
tions have grown (Figure 9). 

Table 1 summarizes local CBC count data for 
the most commonly observed owl species. 
In some cases, the CBC owl species data are 
relatively sparse, because not all owls are 
observed every year (e.g., northern saw-whet 
owl, northern pygmy owl). Available data indi-
cate no clear abundance trend for commonly 
sighted owl species (Figure 10). 

Songbirds

This section summarizes data for “passer-
ines,” meaning bird species of the order 
Passeriformes, commonly referred to as 
“songbirds.” Songbirds comprise a diverse 
group of many recognizable bird species (e.g., 
chickadees, tits, warblers, finches, thrushes, 
sparrows, etc.). Statewide abundance trends 
are presented briefly followed by a discussion 
of local songbird population trends. Emphasis 
is given to species that have displayed clear 
trends over time.

Figure8. Data from the BBS suggest that great horned owl pop-
ulations statewide have declined over time, although this trend 
is not statistically significant. Data: USGS 2014

Table 1. List of commonly observed owl species in the lower 
Coos watershed. Abundance index shows the number of years 
that the species was observed during the CBC (1980-2013). The 
CBC was not conducted from 1987-1989 and again in 2010. 
Therefore, if a species is present every year since 1980, the 
corresponding abundance index is 30. Data: Audubon 2014, 
Rodenkirk 2012

Figure 9. Proportion of spotted owl sites in which barred owls 
and spotted owls were detected on the Oregon Coast Ranges 
Study Area, 1990-2012 Caption and Figure: Forsman et al. 2013
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Songbirds in Oregon 

The BBS indicates that 21 songbird species 
have shown statistically significant declines 
since 1966. Only 2 species have had statisti-
cally significant increase. Figure 11 summa-
rizes the BBS data for 27 passerine species 
exhibiting clear population trends in Oregon 
since 1966.  

Songbirds in the Lower Coos Watershed

Below we focus on passerine species in the 
lower Coos watershed that show strong evi-
dence of changing populations:  

Black Pheobe (Sayornis nigricans) 

Black pheobes were not sighted during the 
local CBC from 1980-1995. However, starting 
in 1996, this species has been sighted every 
year and has become increasingly abundant 
(Figure 12). 

Common Yellowthroat (Geothlypis trichas) 

From 1980-2001, the Coos Bay CBC did not 
record any common yellowthroat sightings. 
Since 2002, the species has been sighted in 
the Coos estuary 5 times during the local CBC, 
and is now frequently found overwintering 
in several Coos County locations (Audubon 
2014, Rodenkirk 2012)(Figure 13). 

Figure 10. Abundance trends (raw CBC count) for commonly 
sighted owl species in the Coos estuary. Data: Audubon 2014, 
Rodenkirk 2012; Bird Sketches: Csuti et al. 1997
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Figure 11. BBS 
abundance data 
for songbird pop-
ulations in Oregon 
showing clear 
abundance trends 
(1966-2012). Data: 
USGS 2014
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Yellow-breasted Chat (Icteria virens)

In 2012, a yellow-breasted chat was sighted 
at a feeder in Coos Bay, representing the first 
winter record of this species in Oregon (Cornu 
et al. 2012). This bird is a neotropical migrant, 
which means that its midwinter presence may 
be indicative of a changing climate, although 
more data are needed to determine if a cause 
and effect relationship exists (see Why is it 
happening?) 

Cedar Waxwing (Bombycilla cedrorum) 

The CBC has sighted cedar waxwings periodi-
cally from 1980-2005. However, beginning in 
2006, local midwinter sightings have become 
more consistent and often more frequent 
(Figure 14). 

Swamp Sparrow (Melospiza georgiana) 

The local CBC rarely sighted swamp sparrows 
prior to 1996, but volunteers have recored 
sightings every year since then (Figure 15). 

Red-winged Blackbird (Agelaius phoeniceus) 

Red-winged blackbirds are historically abun-
dant in the Coos estuary. This species has 
been sighted every year during the local CBC 
since 1980, but the frequency of sightings has 
increased overtime (Figure 16). 

Sparrow species 

Many sparrow species have been historically 
abundant in the Coos estuary. Six sparrow 
species have been sighted with increasing 
frequency during the local CBC, including 
the golden-crowned sparrow (Zonotrichia 
atricaplillia), house sparrow (Passer domes-
ticus), song sparrow (Melospiza melodia), 
white-crowned sparrow (Zonotrichia leuco-
phrys), white-throated sparrow (Zonotrichia 
albicollis), and Lincoln’s sparrow (Mesospiza 
lincolnii). Summary statistics describing trends 
in the raw CBC count for these six species are 
found in Table 2. 

Figure 12. Coos Bay CBC data indicate that local midwinter 
black phoebe abundance has increased, with consistent sight-
ings beginning in 1996 and increasing since then. Data gaps 
occur during years in which the CBC was not conducted (2010) 
or not reported (1987-89). Data: Audubon 2014, Rodenkirk 
2012; Bird Sketch: Csuti et al. 1997

Figure 13. Historically, the common yellowthroat has not 
been observed overwintering in the Coos estuary. However, 
the Coos Bay CBC has recorded a single sighting of common 
yellowthroat in 2002, 2003, 2006, 2008, 2011, and 2012. Data: 
Audubon 2014, Rodenkirk 2012; Photo credit: Gerrit Vyn taken 
from Cornell 2014
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American Crow (Corvus brachyrhynchos), 
Common Raven (Corvus corax), and Stellar’s 
Jay (Cyanocitta Stelleri)  

These three species belong to the family Cor-
vidae and have shown clear increasing trends 
since 1980. All three birds are historically 
abundant in the Coos estuary, with multiple 
sightings occurring every survey year since 
1980. CBC sightings are becoming more fre-
quent and may indicate increasing abundance 
in the project area (Figure 17). 

Other Common Songbirds 

In addition to the songbird species mentioned 
above, there are many other passerines 
commonly found locally. Most of these spe-
cies do not exhibit a clear abundance trend 
over time. Table 3 summarizes raw CBC data 
(1980-2013) for 27 of the most commonly 
counted songbirds in the lower Coos water-
shed. 

Fowl-like Birds

This section summarizes data for fowl-like 
birds of the order Galiformes that are closely 
associated with terrestrial habitats, including 
quail, pheasant, grouse, and turkey species. 
Statewide abundance trends are presented, 
followed by a discussion of songbird popula-
tion patterns in the Coos estuary. Emphasis 
is given to species that have displayed clear 
trends over time.

Fowl-like Birds in Oregon

The BBS data indicate that two fowl-like bird 
species, including the wild turkey (Melegris 

Figure 14. Cedar waxwings have been sighted in the Coos es-
tuary during the CBC since 2006. Sightings have often occurred 
in greater numbers in recent years than they have in the past. 
Data gaps occur during years in which the CBC was not con-
ducted (2010) or not reported (1987-89). Data: Audubon 2014, 
Rodenkirk 2012; Bird Sketch: Csuti et al. 1997

Figure 15. Coos Bay CBC swamp sparrow sightings have be-
come more common since 1996. Data gaps occur during years 
in which the CBC was not conducted (2010) or not reported 
(1987-89). Data: Audubon 2014, Rodenkirk 2012 

Figure 16. Red-winged blackbirds continue to be abundant in 
the Coos estuary. Midwinter sightings have become more com-
mon, suggesting that the species may be increasing abundant 
over time. Data gaps occur during years in which the CBC was 
not conducted (2010) or not reported (1987-89). Data: Audu-
bon 2014, Rodenkirk 2012; Bird Sketch: Csuti et al. 1997
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Table 2. Six species of commonly occurring sparrow species have been counted with increasing frequency during the Coos Bay 
CBC. This table summarizes that trend by comparing average raw CBC count for two time periods (1980-1994 and 1995-2013). 
Time series graphs (right) showing increasing trends (1980-2013) are also presented. Data: Audubon 2014, Rodenkirk 2012; Pho-
tos: Cornell 2014

Figure 17. Coos Bay CBC 
data indicate that local 
midwinter abundance of 
three “corvids,” including 
the American crow, com-
mon raven, and Stellar’s 
jay, has shown a clearly 
increasing trend since 
1980. Raw CBC count for 
these species is indexed 
relative to 1980-levels 
above (1980=100). Data 
gaps occur during years 
in which the CBC was not 
conducted (2010) or not 
reported (1987-89).  Data: 
Audubon 2014, Rodenkirk 
2012; Bird Sketches: Csuti 
et al. 1997
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gallopavo) and ring-necked pheasant (Pha-
sianus colchicus), show clear abundance 
trends (1966-2013)(Figure 18). In Oregon, 
turkeys are becoming more abundant, while 
pheasants are becoming less abundant.

Fowl-like birds in the Lower Coos Watershed

The California quail (Callipepla californi-
ca) is the only fowl-like bird that is sighted 
nearly every year during the local CBC. Raw 
CBC counts for this species indicate no clear 

abundance trend (Figure 19). In addition to 
the California quail, ring-necked pheasant and 
ruffed grouse (Bonasa umbellus) have been 
sighted on rare occasions (i.e., 1-3 sightings 
periodically from 1983-2003). Mountain quail 
(Oreortyx pictus) was counted in 2006-2008 
( < 10 sightings annually). Historically, wild 

Table 3. Many passerines do not exhibit any clear abun-
dance trends in the lower Coos watershed. This table 
summarizes raw CBC data for some of the most commonly 
occurring songbirds in the Coos estuary. Time series graphs 
(right) showing increasing trends (1980-2013) are also 
presented. Data: Audubon 2014, Rodenkirk 2012; Photos: 
Cornell 2014
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turkeys have not been counted during the 
local CBC. However, the CBC in 2011, 2012, 
and 2013 reported 28, 10, and 12 turkey 
sightings, respectively. More data are needed 
to determine if these sightings are indicative 
of a trend (e.g., increasing local abundance or 
range expansion). Figure 20 summarizes the 
raw CBC data for all fowl-like birds observed 
in the study area from 1980-2013. 

Doves and Pigeons

This section summarizes data for birds of the 
order Columbiformes, which are commonly 
known as doves and pigeons. Regional data 
are presented at a statewide level using 
breeding population estimates as a proxy for 
abundance, followed by a discussion of Coos 
estuary data, which use CBC sightings to proj-
ect trends in local abundance. The local data 
section highlights dove and pigeon species 
that display the most apparent trends since 
the 1980s.  

Doves and Pigeons in Oregon 

The BBS data indicate that only the mourning 
dove (Zenaida macroura) shows a clear abun-
dance trend (decreasing abundance) at the 
regional level (1966-2013)(Figure 21). 

Doves and Pigeons in the Coos Estuary

Below we focus on Dove and Pigeon species 
in the lower Coos watershed that show strong 
evidence of changing populations: 

Figure 18. BBS abundance data for fowl populations in 
Oregon showing clear trends (1966-2012). Data: USGS 
2014

Figure 19. Raw CBC count for California quail in the lower Coos 
watershed. Data gaps occur during years in which the CBC was 
not conducted (2010) or not reported (1987-89). Data: Audu-
bon 2014, Rodenkirk 2012
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Eurasian Collared Dove 
(Streptopelia decaocto)

The Eurasian Collared Dove was first sighted 
during the CBC in 2007 (Audubon 2014, Ro-
denkirk 2012). Since then, they have become 
increasing abundant; CBC sightings have 
increased notably (Audubon 2014, Rodenkirk 
2012)(Figure 22). 

Band-tailed Pigeon (Patagioenas fasciata)

Band-tailed pigeons were sighted in three 
mid-1980s CBC’s and again from 1998-2009 
(Aubuon 2014). They have not been counted 
during the CBC since 2009; scientists indi-
cate they’re very rarely sighted in the winter 
(Audubon 2014, Rodenkirk 2012).

Hummingbirds

This section summarizes available data for 
hummingbird species of the order Apodi-
formes that have shown clear abundance 
trends either statewide or locally.

Hummingbirds in Oregon

The BBS data show a clear abundance trend 
over time for the rufous humingbird (Selas-
phorus rufus), which appears to be decreasing 
in abundance (Figure 23). 

Hummingbirds in the Coos Estuary

Anna’s hummingbird (Calypte anna) is the 
only hummingbird species regularly sighted 
during the Coos Bay CBC. The frequency of 

Figure 20. Observations 
of fowl-like species during 
the CBC (1980-2013). 
More frequent obser-
vation corresponds to 
darker blue. Raw count 
data for each year are 
indicated (number). “CW” 
means the species was 
present during the CBC 
week, but it was not ob-
served during the count. 
Data: Audubon 2014, 
Rodenkirk 2012 
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Figure 21. BBS abundance data for the mourning dove (Zenaida 
macroura) in Oregon. This species is the only dove species 
showing a clear abundance trend (1966-2012) in the BBS data. 
Data: USGS 2014

Figure 23. BBS abundance data for the rufous hummingbird, 
the only hummingbird species showing a clear abundance 
trend statewide (1966-2013). Data: USGS 2014

Figure 22. Raw CBC count for Eurasian collared-dove (1980-
2013). Data gaps occur during years in which the CBC was not 
conducted (2010) or not reported (1987-89). Data: Audubon 
2014, Rodenkirk 2012 Figure 24. Raw CBC data (1980-2013) suggest that local popu-

lations of Anna’s hummingbird may be increasingly abundant. 
Data gaps occur during years in which the CBC was not con-
ducted (2010) or not reported (1987-89). Data: Audubon 2014, 
Rodenkirk 2012; Bird Sketch: Csuti et al. 1997
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Anna’s hummingbird midwinter sightings has 
increased over time, suggesting the species is 
becoming more locally abundant (Figure 24). 

Woodpeckers

This section summarizes available data for 
birds of the order Piciformes, which are com-
monly referred to as woodpeckers, sapsuck-
ers, and flickers. The data summary focuses 
on birds that have shown clear abundance 
trends either statewide or locally.

Woodpeckers in Oregon

The BBS data indicate that five woodpeck-
er species of have shown clear abundance 
trends statewide since 1966 (Figure 25). 
Pileated woodpeckers, yellow-bellied sap-
suckers, and re-breasted sapsuckers appear to 
be increasing in abundance over time, while 
northern flickers, and red-naped sapsuckers 
appear to be decreasing in abundance in 
Oregon.  

Woodpeckers in Lower Coos Watershed

Several woodpecker species are commonly 
sighted in the Coos estuary. However, it’s 
difficult assess any abundance trends. CBC 
sightings of some species (e.g., northern flick-
er) are rare and do not show any apparent 
trend. Table 4 summarizes the raw CBC data 
for woodpecker species in the Coos estuary. 

Why is it happening? 

Multiple factors can often work together to 
determine local bird abundance trends (e.g., 
land use changes occurring simultaneously 
with climate anomalies may work to the detri-
ment of some species while favoring others). 
Similar to aquatic birds, some terrestrial bird 
species are highly migratory. Therefore, fac-
tors affecting distant habitats may affect bird 
species survival rates which will be reflected 
in local abundance data. 

Birds expand their ranges when the resources 
they rely on for survival become available to 
them in different geographic areas (Cornu 
et al. 2012). Habitat alterations related to 
human activities and climate change are 

Figure 25. BBS abundance data for woodpecker species that 
have shown clear abundance trends statewide (1966-2013). 
Data: USGS 2014
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also leading factors in bird range expansions 
(Askins 2000). This might explain the range 
expansions of black pheobes and red-shoul-
dered hawks, which have moved northward 
toward Tillamook County and east to the 
Williamete Valley over the past 30 years (T. 
Rodenkirk, pers. comm., January 19, 2012). 

Human population growth and urban de-
velopment may benefit birds in some cases 
(Cornu et al. 2012). Peery and Henry (2010) 
explain that “The expansion of human activ-
ities into rural areas and natural landscapes 
has resulted in widespread increases in the 
abundance of synanthropic species (birds 
that live near humans and benefit from an 

association with human habitat).” In fact, 
some birds that have the ability to adapt to a 
wide range of habitat conditions (e.g., crows, 
ravens) have been observed in higher density 
in urban settings (Kelly et al. 2002). Doves 
and pigeons are also famously synanthropic 
species. The Eurasian collared-dove, an intro-
duced species, was first recorded in Oregon 
in 1999 (Cornu et al. 2012). By 2006, Eurasian 
collared-doves had established themselves 
in all 36 Oregon counties, including Coos (R. 
Namitz, pers. comm., January 19, 2012; T. 
Rodenkirk, pers. comm., January 19, 2012). 

In some cases, active habitat management 
and restoration have resulted in species 

Table 4. This table sum-
marizes raw CBC data 
for some of the most 
commonly occurring 
woodpeckers in the Coos 
estuary. Time series 
graphs (right) showing 
increasing trends (1980-
2013) are presented. 
Data: Audubon 2014, 
Rodenkirk 2012; Photos: 
Cornell 2014
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recoveries. Similar to the brown pelican (see 
Aquatic birds), the bald eagle and peregrine 
falcon have benefited from the efforts of vol-
unteers and avian professionals alike (Cornu 
et al. 2012). In both cases, the effort has been 
substantial enough to remove the species 
from the federal Threatened and Endangered 
Species List (USFWS 2014).

Some evidence suggests that the overwinter-
ing population of neotropical migrants (e.g., 
common yellowthroats, orange-crowned 
warblers, and yellow-breasted chats) in Coos 
County may be increasing (R. Namitz, pers. 
comm., January 19, 2012; T. Rodenkirk, pers. 
comm., January 19, 2012; Rodenkirk 2012a; 
Audubon 2014). Neotropical migrants are 
birds that spend the summer in the northern 
temperate and polar latitudes and migrate 
south to the tropics where climate and food 
availability is more agreeable in the winter 
months (Cornu et al. 2012). This trend could 
be indicative of a general warming pattern in 
the temperate latitudes, although more data 
are needed to determine the exact correla-
tion between climate change and neotropical 
migrant abundance.

Habitats availability also influences local 
abundance trends. The Coos estuary and as-
sociated uplands represent important breed-
ing, foraging, and roosting habitats for many 
bird species. As habitats are lost or restored, 
bird distributions may shift to reflect changes 
in the availability of important resources (e.g., 
food/prey, cover, etc.) and changes in the 
presence/absence of predators. 

Background 

Oregon’s total wildlife diversity accounts for 
more than 42% of all terrestrial vertebrates 
in the United States and Canada (Csuti et al. 
1997). Birds species comprise much of that 
diversity; many remain in Oregon year-round 
and others visiting the state during migration. 

Because birds use the lower Coos watershed 
and estuary for a variety of activities (breed-
ing, nesting, roosting, foraging, etc.), trends 
in local bird abundance and migration timing 
can signal important changes to habitat avail-
ability or suitability; these habitat changes 
have the potential to affect both birds and 
other wildlife (Cornu et al. 2012). Birds can 
often be considered “indicator species,” be-
cause changes in their status can provide an 
early warning about less detectable trends in 
local environmental conditions.  

Changes in the abundance of one bird species 
can sometimes directly affect other species. 
For example, the range expansions of the 
northern barred owl are likely to negatively 
affect local populations of northern spot-
ted owls (see Birds of Special Concern data 
summary in this chapter). However, this kind 
of direct cause/effect relationship doesn’t 
always exist. In the case of the Eurasian 
collared-dove, some concern exists about 
competitive pressures on native mourning 
doves (Zenaida macroura). However, research 
suggests that although the two species have 
similar diets, the Eurasian collared-dove 
“does not appear more behaviorally aggres-
sive or competitively successful than mourn-
ing doves” (Poling and Hayslette 2006). 
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Aquatic Birds in the Lower 
Coos Watershed 
Summary: 

 � Duck populations have recovered from 
late-1980’s lows. Some species populations 
appear to be increasing while others are 
decreasing. 

 � Canada geese have become increasingly 
abundant in the Coos estuary since their 
reintroduction in the 1970s. 

 � There are few significant changes in 
wading bird populations statewide. Local 
populations appear to be relatively stable. 
The exception is cattle egret populations 
which have declined locally since the 1980’s. 

 � Brown pelicans appear to be more abundant 
in Coos Bay in recent years. Few other 
seabirds and shorebirds show clear trends.

Figure 1. Aquatic bird survey sites in and near the project area. Data: 
Rodenkirk n.d., USGS 2014 
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What’s happening?

Waterfowl

This section summarizes the status and trends 
of geese and ducks. Regional data are pre-
sented at a statewide level using breeding 
population estimates as a proxy for abun-
dance. Coos estuary bird information is also 
presented which uses Audubon’s Christmas 
Bird Count (CBC) data from Coos Bay to char-
acterize trends in local waterfowl abundance 
(Figure 1). Finally, a Local Waterfowl Trends 
section highlights waterfowl species that 
display the most apparent trends since the 
1980s.  

Pacific Flyway, Statewide, and Regional Wa-
terfowl Trends 

Oregon is part of a North American migratory 
corridor known as the Pacific Flyway (see 
Background). During their annual midwinter 
survey, the United States Fish and Wildlife 
Service (USFWS) estimated approximately 
5.76 million waterfowl in the Pacific Flyway, 

Figure 2. Trends in midwinter population of Pacific Flyway 
(1955-2012). Data: Olson 2014

Figure 3. Spatial extent of Pacific Flyway midwinter population 
survey zones. Source: Modified from Olson 2014

Figure 4. Trends 
in midwinter 
population of ducks 
(blue) and geese 
(red) in Oregon 
(1965-2014). Point 
estimates for mid-
winter population 
of ducks (dots) and 
geese (triangles) 
are connected by a 
two-period moving 
average, which 
helps to bring 
out underlying 
trends by imposing 
“smoothness” on 
the population 
data. Data: USFWS 
2014b
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including all species of ducks, geese, and 
swans (Olson 2014). The estimated midwin-
ter Pacific Flyway population has increased 
since record lows in the late 1980s and early 
1990s, but has not recovered to historic levels 
(Figure 2). 

In Oregon, the midwinter Pacific Flyway sur-
vey is conducted in three survey zones (Figure 

3). Figure 4 shows historic waterfowl abun-
dance in Oregon (i.e., in all three of the Ore-
gon midwinter Pacific Flyway survey zones); 
Figure 5 shows the abundance in western 
Oregon alone.

Since 1965, duck abundance statewide shows 
no clear trend. Goose abundance in Oregon 
generally increased from the early 1970s to 

Figure 5.  Trends in 
midwinter popula-
tion of ducks (blue) 
and geese (red) 
in the Western 
Oregon Pacific 
Flyway survey 
zone (see Figure 3)
(1965-2014). Point 
estimates for mid-
winter population 
of ducks (dots) and 
geese (triangles) 
are connected 
by a two-period 
moving average, 
which helps expose 
underlying trends 
by imposing 
“smoothness” on 
the population 
data. Data: USFWS 
2014b

Figure 6. USGS Patuxent Wildlife 
Research Center conducts the 
North American Breeding Bird 
Survey (BBS) along observational 
routes at 144 sites in Oregon 
(white), including one site within 
the study area (yellow). The proj-
ect area (cross hatch) has been 
highlighted for reference. Habitat 
within proximity to the project 
area (< 20 miles) is also highlight-
ed (see Figure 1 for reference). 
Data: USGS 2014
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Figure 7. North American Breeding Bird Survey (BBS) data for 
statewide abundance trends (1966-2012).The BBS data show six 
waterfowl species exhibiting clear trends over time. The cinna-
mon teal (Anas cyanoptera) and Canada goose(Branta canaden-
sis) have shown statistically significant increases. The other four 
birds show clear trends that are not statistically significant. Data: 
USGS 2014
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the early 2000s. Oregon waterfowl popula-
tions (i.e., both geese and ducks) declined 
substantially in both the mid-2000s and in 
recent years. Annual variation in waterfowl 
abundance appears to be larger than average 
in the past 15 years than it has historically. 

Similar to statewide trends, the western Or-
egon duck population is neither consistently 
increasing nor decreasing. Duck abundance in 
western Oregon has been variable from year 
to year, with the greatest changes occurring 
in the early 1980s, the mid-2000s, and during 
recent years. Western Oregon goose abun-
dance increased significantly from 1965-2000. 
However, similar to ducks, the regional goose 
population also declined in the mid-2000s 
and in recent years. Regional waterfowl 
trends mirror the statewide patterns in that 
waterfowl abundance appears to vary more in 
the past 15 years than it has historically. 

The United States Geological Survey (USGS) 
Patuxent (MD) Wildlife Research Center 
(2014) conducts the North American Breeding 
Bird Survey (BBS) which includes 144 survey 
sites in Oregon. One of the Oregon sites is lo-
cated within the project area and three sites 
are located near the project area (Figures 
1 and 6). This survey is conducted annually 
along preselected observational “routes.” The 
BBS data are used here as indices of relative 
bird species abundance and should not be in-
terpreted as estimates of the total population 
size (D. Ziolkowski, pers. comm., 2014).

Figure 7 displays the BBS abundance data for 
six waterfowl species in Oregon which have 
displayed clear trends in relative population 

change between 1966 and 2012. It should be 
noted that some of these trends are subject 
to data limitations (e.g., small sample size) 
that can reduce the reliability of the results. 
Please see the chapter summary for more 
information about these limitations.

Local Waterfowl Trends

Midwinter waterfowl sightings in the Coos 
estuary have increased over time for some 
species (e.g., Canada goose, mallards, and 
harlequin ducks) and decreased for others 
(e.g., brant, redheads, and canvasbacks). 
Some waterfowl species (e.g., buffleheads) 
are abundant in the study area but have dis-
played neither clearly increasing nor decreas-
ing population trends over time. 

Local waterfowl species which show strong 
evidence of changing populations:  

Canada Goose (Branta canadensis)

Similar to regional trends, Canada goose 
sightings have steadily increased over the 
past few decades (Cornu et al. 2012)(Figure 
8). Historically, the local CBC recorded as few 
as one sighting per hour in 1991, a number 
that increased to more than eight sightings 
per hour by 2010 (T. Rodenkirk, pers. comm., 
January 19, 2012). 

Brant Goose (Branta bernicla)

Brant sightings have decreased since the mid-
1980s. The CBC has not recorded any brant 
sightings since 2007 (Figure 9 black line). 
Brant have generally declined across western 
Oregon (Figure 9 dashed line).
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Greater White-fronted Goose (Anser albi-
frons)

Historically, the greater white-fronted goose 
was not sighted in Coos Bay. However, sight-
ings have increased dramatically since the 
late-2000s. Local greater white-fronted goose 
populations remain much higher relative to 
previous decades (Figure 10). 

Mallard (Anas platyrhynchos)

Mallards have been sighted in the lower Coos 
watershed every year during the Christmas 
bird count, and the number of sightings has 
steadily increased over the past decades (Cor-
nu et al. 2012)(Figure 11). 

Figure 8. Indicators 
of Canada goose 
abundance in 
the Coos estuary 
(black) and across 
western Oregon 
(red)(1984-2012). 
Data gaps in CBC 
data exist for years 
during which the 
Count was not 
conducted (2010) 
or not reported 
(1987-89).  Data: 
Audubon 2014, 
Rodenkirk 2012, 
USFWS 2014a; 
Sketch: Csuti et al. 
1997

Figure 9. Indicators 
of brant abundance 
in the Coos estuary 
(black) and across 
western Oregon 
(red)(1984-2012). 
Data gaps in CBC 
data exist for years 
during which the 
Count was not 
conducted (2010) 
or not reported 
(1987-89).  Data: 
Audubon 2014, 
Rodenkirk 2012, 
USFWS 2014a
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Redheads (Aythya americana)

Redheads, once a relatively common CBC 
sighting in the Coos estuary, have not been 
recorded every year the CBC, especially since 
1999. Redhead sightings appear to have fallen 
dramatically over the past few decades (Cor-
nu et al. 2012)(Figure 12). 

Canvasbacks (Aythya valisineria)

Canvasbacks appear to be relatively abundant 
in the Coos estuary prior to the early 1990s. 
However, sightings have decreased dramat-
ically over the past few decades (Figure 13). 
This trend, though more pronounced for the 
Coos estuary, generally matches the decline 
shown in the regional data.

Figure 10. Greater 
white-fronted 
goose abundance 
in the Coos estuary. 
Data gaps in CBC 
data exist for years 
during which the 
Count was not 
conducted (2010) 
or not reported 
(1987-89).  Data: 
Audubon 2014, 
Rodenkirk 2012

Figure 11. Mallard 
abundance in the 
Coos estuary. Data 
gaps in CBC data ex-
ist for years during 
which the Count 
was not conduct-
ed (2010) or not 
reported (1987-89).  
Data: Audubon 
2014, Rodenkirk 
2012; Sketch: Csuti 
et al. 1997
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Harlequin Ducks (Histrionicus histrionicus)

Harlequin duck sightings have increased 
throughout the early 2000s, with peak-levels 
occurring in the most recent years (Cornu et 
al. 2012)(Figure 14).

Other Common Waterfowl

In addition to the species mentioned above, 
several waterfowl species were observed 
during the local CBC every year since 1980 
and are worth mentioning: northern pintail 
(Anas acuta), scaups (Aythya spp.), American 
wigeon (Anas americana), mergansers (Mer-
gus spp.), northern shoveler (Anas clypeata), 

Figure 12. Redhead 
abundance in the 
Coos estuary. Data 
gaps in CBC data ex-
ist for years during 
which the Count 
was not conduct-
ed (2010) or not 
reported (1987-89).  
Data: Audubon 
2014, Rodenkirk 
2012; Sketch: Csuti 
et al. 1997

Figure 13. Indica-
tors of canvasback 
abundance in 
the Coos estuary 
(black) and across 
western Oregon 
(red)(1984-2012). 
Data gaps in CBC 
data exist for years 
during which the 
Count was not 
conducted (2010) 
or not reported 
(1987-89). Data: 
Audubon 2014, 
Rodenkirk 2012, 
USFWS 2014a; 
Sketch: Csuti et al. 
1997
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scoters (Melanitta spp.), gadwall (Anas 
strepera), and ruddy duck (Oxyura jamaicen-
sis). Although these birds commonly occur 
within the study area, they have displayed 
neither clearly increasing, nor clearly de-
creasing population trends over the past two 
decades (Figure 15).

Wading Birds

This section summarizes the status and trends 
of herons and egrets. Statewide abundance 
trends are presented using the BBS data (see 
Pacific Flyway, Statewide, and Regional Wa-
terfowl Trends). This presentation is followed 
by a discussion of local data generated by the 
Coos estuary CBC.

Wading Bird Trends in Oregon 

The Oregon BBS data include eight wading 
bird species that show either clearly increas-
ing or clearly decreasing trends in the past 
several decades (Figure 16). These data indi-
cate that breeding herons (i.e., the great blue 

heron, Ardea herodias, and black-crowned 
night heron, Nycticorax nycticorax, collec-
tively) may have decreased marginally from 
1980-levels. This interpretation is supported 
by Liebezeit and Larson (2014), who report 
that the BBS data show a declining trend for 
heron populations in both the Pacific North-
west region as well as in Oregon. However, 
they add that the decline does not appear 
to be statistically significant. Contrary to the 
marginal decline in heron abundance, breed-
ing egrets (i.e., the great egret, Ardea alba, 
and the snowy egret, Egretta thula, collec-
tively) appear to be more abundant in recent 
years than in the past. 

Local Wading Bird Trends

Historically, heron and egret species have 
been abundant locally. However, the most ap-
parent population trend within the study area 
has been displayed by the cattle egret: 

Figure 14. Harle-
quin duck abun-
dance in the Coos 
estuary. Data gaps 
in CBC data exist for 
years during which 
the Count was not 
conducted (2010) 
or not reported 
(1987-89). Data: 
Audubon 2014, 
Rodenkirk 2012; 
Sketch: Csuti et al. 
1997
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Cattle Egret (Bubulcus ibis)

This species rapidly expanded its range in the 
1970s and 80s (Cornu et al. 2012). It was ob-
served in the Coos estuary every year during 
the CBC until 1986 but has not been sighted 
since (Audubon 2014, Rodenkirk 2012)(Figure 
17).

Other Common Wading Birds 

Several common heron and egret species 
have been observed during the Coos estuary 
CBC every year since 1980 (Figure 18). The 
great blue heron and great egret are the most 

abundant wading birds in the Coos system, 
with numerous CBC sightings (approximate-
ly 50-100) occurring every year (Audubon 
2014, Rodenkirk 2012). In addition, the snowy 
egret and the black-crowned night heron are 
also commonly sighted but appear to be less 
abundant- fewer than 10 sightings most years 
(Audubon 2014, Rodenkirk 2012). Although 
these species occur within the study area, 
they have displayed neither clearly increasing 
nor clearly decreasing trends over the past 
two decades. 

Figure 15. Common 
waterfowl species 
that display neither 
clearly increasing nor 
clearly decreasing 
population trends 
in the Coos estuary 
(1980-2013). “Scaups” 
include both the 
greater scaup (Aythya 
marila) and the 
lesser scaup (Anthya 
affinis); “Mergansers” 
include the hooded 
merganser (Lopho-
dytes cucullatus), 
common merganser 
(Mergus merganser), 
and the red-breasted 
merganser (mergus 
serrator); “Scoters” 
include the surf scoter 
(melanitta perspicil-
lata), white-winged 
scoter (melanitta fus-
caI),and black scoter 
(Melanitta ameri-
cana). Data: Audubon 
2014, Rodenkirk 2012; 
Bird Sketches: Csuti et 
al. 1997
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Figure 16. North American Breeding Bird Survey (BBS) 
data for statewide abundance trends (1966-2012).The 
BBS data show eight wading bird species exhibiting 
clear trends over time. The black-crowned night 
heron (Nycticorax nycticorax) has shown a statistically 
significant decline. No species has shown a statistically 
significant abundance increase. Data: USGS 2014
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Seabirds and Shorebirds

BBS data include eight seabird and shorebird 
species that exhibit clear trends in the num-
ber of sightings since 1966 (Figure 19).  

Local Seabird and Shorebird Trends

Historically, seabird and shorebird species 
have been abundant in the Coos estuary. 

While some species’ local presence exhibits 
increasing or decreasing trends, most have 
displayed neither clearly increasing nor clear-
ly decreasing trends. Their historical abun-
dance is characterized by substantial “inter-
annual variability” (i.e., substantial changes 
from year-to-year) and statistical “noise” (i.e., 
unexplained variation or randomness that 
deviates from long-term trends). 

Below we focus on two seabird and shore-
bird species that have exhibited clear trends 
over time. Because of their special status, we 
focus on two additional seabird and shorebird 
species, double-crested cormorant (Phalacro-
corax auritus) and snowy plover (Charadrius 
alexandrinus), in greater detail in the Birds of 
Special Concern data summary. 

Brown Pelican (Pelecanus occidentalis)

Brown pelicans averaged about seven Coos 

Figure 17. Cattle egrete abundance in the Coos estuary. Data 
gaps in CBC data exist for years during which the Count was not 
conducted (2010) or not reported (1987-89). Data: Audubon 
2014, Rodenkirk 2012

Figure 18. Common wading bird species that display neither clearly increasing nor clearly decreasing population trends in the 
Coos estuary (1980-2013). Data gaps in CBC data exist for years during which the Count was not conducted (2010) or not reported 
(1987-89).Data: Audubon 2014, Rodenkirk 2012; Bird Sketches: Csuti et al. 1997
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Figure 19. North American Breeding Bird Survey (BBS) 
data for statewide abundance trends (1966-2012).
The BBS data show six seabird and shorebird species 
exhibiting clear trends over time. The spotted sandpip-
er (Actitis macularius), western grebe(Aechmophorus 
occidentalis), and killdeer (Charadrius vociferous) have 
all shown statistically significant declines in Oregon. No 
species has shown a statistically significant abundance 
increase. Data: USGS 2014
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estuary CBC sightings annually from 1980-
2000 (Audubon 2014, Rodenkirk 2012). 
However, anomalously high brown pelican 
counts occurred from 2002- 2009 (813 annual 
sightings on average) with the largest anom-
aly (2,717 sightings) occurring in 2008 (Cornu 
et al. 2012; Audubon 2014, Rodenkirk 2012). 
Brown pelican sightings have since returned 
to pre-2002 levels. Local CBC efforts reported 
20 sightings in 2011, 8 sightings in 2012, and 
no sightings in 2013 (Audubon 2014, Roden-
kirk 2012). 

In 1973, USFWS listed the brown pelican as a 
federally endangered species (USFWS 2009). 
It was removed from the endangered species 
list in 2009 due to recovery (see Why is it 
happening?)(USFWS 2009, 2014a). However, 
it remains listed by the Oregon Department 
of Fish and Wildlife as an endangered species 
in Oregon (ODFW 2014). 

Whimbrel (Numenius phaeopus)

The CBC has not sighted Whimbrel in the 
Coos estuary since 1982 (Cornu et al. 2012, 
Audobon 2014). Local bird experts speculate 
that citizen scientists may have confused this 
species with the long-billed curlew (Nu-
menius americanus) in previous counts (T. 
Rodenkirk, pers. comm., January 19, 2012). 
The long-billed curlew is seen more regularly, 
although in small numbers (Cornu et al. 2012, 
Audubon 2014, Rodenkirk 2012). 

Northern Fulmar (Fulmarus glacialis)

Historically, northern fulmars are rarely 
sighted during the local CBC, with only two 
sightings prior to 1980 (Cornu et al. 2012, 

Audubon 2014, Rodenkirk 2012). However, 
sightings have since increased, occurring on 
seven separate occasions between 1980-1997 
(Audubon 2014, Rodenkirk 2012). 

Other Common Seabirds and Shorebirds

There have been 28 seabird and shorebird 
species counted every year since 1980 during 
the Coos CBC. The majority of these species 
do not exhibit any clear abundance trend. 
However, data for a few species may suggest 
weak trends (e.g., red-necked grebe, west-
ern sandpiper, etc.). Table 1 presents data 
describing the relative abundance of the 28 
most common seabird and shorebird species 
in the Coos estuary.

Why is it happening? 

Resident and migrating waterfowl, wading 
birds, seabirds, and shorebirds are inextrica-
bly linked to wetland habitats, which they use 
for food, shelter, nesting, and roosting (ODFW 
n.d., NRCS 2005). As with other animals, the 
abundance of local bird populations is deter-
mined by a complex set of biophysical rela-
tionships. Local bird population shifts often 
result from a combination of several factors, 
including human activities, climatic variables, 
and biological interactions. These factors can 
work together to change the suitability of 
wetland habitat, affecting local bird species 
abundance. 

Some aquatic birds are highly migratory and 
depend on many other (sometimes distant) 
terrestrial systems (e.g., grasslands, forests, 
tundra, rocky offshore islets, etc.)(NAWMP 
2012). For this reason, it can be difficult to 
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Table 1. Abundance of common seabirds and shorebirds 
in the Coos Watershed (1980-2013) from local CBC 
data (raw count). The data should be interpreted as an 
index of relative abundance rather than an estimate of 
the total population size. Species are arranged by their 
30-year average count (1980-2013) in order of highest 
average abundance to lowest average abundance. 
Abundance trends (right) are graphed by plotting 
annual raw count against year. Gaps in the data occur 
during years for which no local CBC data were collected 
(2010) or not reported (1987-89). Data: Audubon 2014, 
Rodenkirk 2012; Photos: Cornell 2011
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understand the exact reasons behind local 
trends, because seemingly unrelated factors 
affecting far away habitats may have a direct 
impact on survival rates and, therefore, local 
abundance.

These difficulties notwithstanding, scientists 
offer the following explanations for changes 
in resident and migrating waterfowl, wading 
birds, seabirds, and shorebird abundance in 
the study area:

Waterfowl 

A substantial amount of research examining 
the factors that influence waterfowl abun-
dance has been focused on an area called 
the “Prairie Pothole Region” (PPR)(Figure 
20). Although the PPR represents only 10% of 
North America’s waterfowl breeding habitat it 
accounts for over 50% of the continent’s duck 
population (Wong et al. 2012). The PPR re-
search has shown that waterfowl abundance 
is correlated with several variables, including 
both climatic (i.e., precipitation, soil moisture, 

Figure 20. Waterfowl “flyways” of North America showing 
major migratory corridors of ducks, geese, and swans. Prarie 
Potholes Region (cross hatch) is superimposed over the Pacific 
(greend), Central (red), Mississippi (Blue), and Atlantic (teal) 
Flyways Data: Ducks Unlimited 2008a, 2008b

 

North American Waterfowl Mgmt. Plan

In 1986, the United States and Canadian 

governments outlined strategies for 

the conservation, protection, and 

enhancement of waterfowl habitat in the 

North American Waterfowl Management 

Plan (NAWMP; the Plan). Mexico became a 

Plan signatory in 1994.

The Plan, last updated in 2012, identifies 

three waterfowl conservation goals:

1. Abundant and resilient waterfowl 

populations to support hunting and other 

uses without imperiling habitat.

2. Wetland and related habitat 

sufficient to sustain waterfowl populations 

at desired levels, while providing 

recreational areas and ecological services 

that benefit society. 

3. Growing numbers of waterfowl 

hunters, other conservationists, and 

citizens who enjoy and actively support 

waterfowl and wetlands habitat. 

Sources: USFWS 2014c, NAWMP 2012
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and pond density) and land-use attributes 
(i.e., agricultural activities)(Podruzny et al. 
2002, Baldassarre et al. 1994, Bethke and 
Nudds 1995, Miller 2000). 

In the Pacific Flyway (Figure 2), waterfowl 
abundance declined to historic lows in the 
late-1980s and early-1990s (Page et al. 1992, 
NAWMP 2012, Olson 2014, USFWS 2014c). 
Following the decline, waterfowl populations 
recovered throughout the 90s. However, they 
declined again in both the mid-2000s and 
recent years (USFWS 2014b). 

The decline of waterfowl in the late 1980s 
and early 1990s was due, in part, to habitat 
loss. Approximately 53% of all original wet-
land habitat in the contiguous United States 
had been converted to human land uses by 
1985, including wetlands in the PPR and along 
the Pacific Flyway that were diked/drained or 
filled for agricultural, industrial, and resi-
dential development (USFWS 2014c, Page et 
al. 1992). The loss of wetland habitat likely 
contributed to sharp decline of many wet-
land-dependent species during these years 
(Page et al. 1992).

The recovery of waterfowl populations in the 
1990s was largely due to increased habitat 
restoration efforts. The North American Wa-
terfowl Management Plan (NAWMP, the Plan; 
see sidebar), an international agreement 
designed to restore waterfowl populations by 
protecting, enhancing, and restoring habitat, 
was signed in 1986 (USFWS 2014c). Since the 
implementation of the Plan, “joint ventures” 
(i.e., partnerships between stakeholders, 
including but not limited to federal, state, 
provincial, tribal, and local governments) 
have made strategic investments totaling $7.5 
billion to protect, conserve, and restore 22 
million acres of key waterfowl habitat across 
North America, resulting in substantially larg-
er populations in many cases (USFWS 2014c, 
NAWMP 2012). 

Declines in waterfowl abundance since 2000 
may be related to climatic trends. In their 
Waterfowl Population Status Report, USFWS 
(2014d) notes that, “In the Pacific Flyway, 
below-normal winter precipitation and snow-
pack [in 2013] led to continued poor habitat 
conditions in many areas.” They go on to cite 
below-normal winter precipitation as a cause 

Figure 21. Midwinter abundance of 
both geese and ducks in the Pacific 
Flyway (red) plotted against Decem-
ber “dryness” (i.e., a measure of 
both precipitation and temperature) 
in Oregon (1995-2014). Dryness is 
indexed using the Palmer Drought 
Severity Index (PDSI), which uses 
both precipitation and tempera-
ture to measure dryness; positive 
values correspond to wet years and 
negative values represent dry years. 
Generalized periods of drought 
(2000-2005 and 2008-2014) are 
highlighted by blue boxes. Data: 
USFWS 2014a, NOAA 2014. 
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of deteriorated habitat conditions in western 
Oregon. Climate data in Oregon appear to 
align with waterfowl abundance (Figure 21). 
Periods of drought are followed by periods of 
reduced waterfowl abundance. While climatic 
variables likely contributed to the waterfowl 
abundance trends, some unexplained varia-
tion remains.

Goose populations in Oregon have consistent-
ly increased since the 1970s (USFWS 2014b). 
The Subcommittee on Pacific Population 
of Western Canada Geese (2000) explains 
that a series of Canada Goose transplanting 
programs and natural population growth 
has resulted in the expansion of this spe-
cies’ historic distribution. They add that the 
goose’s range expansion has been supported 
by numerous management programs (e.g., 
provision of nesting structures) designed to 
increase the production of Canada geese in 
the western United States. Local bird experts 
note that introduced populations of Canada 
Geese have been present in Coos County 
since at least 1976. The CBC recorded dou-
ble-digit Canada goose sightings in 1984, and 
their findings have been increasing ever since 
(T. Rodenkirk, pers. comm., January 19, 2012, 
2012b). 

Wading Birds

Local wading bird populations have displayed 
few clear trends in the past decades. CBC data 
in the Coos system suggest that cattle egret 
populations may be less abundant in the 
Coos estuary now than they were prior to the 
mid-80s (Audubon 2014, T. Rodenkirk, pers. 
comm., January 19, 2012). Similarly, the BBS 

suggests that several species of wading birds 
may be in decline in Oregon, but these trends 
are generally not statistically significant (See 
Figure 16)(USGS 2014). 

Similar to other aquatic birds, the conversion 
of wetland habitat for agricultural, residential, 
commercial, and other land uses may threat-
en their well-being or directly affect wading 
bird abundance (NRCS 2005). It’s important 
to recognize that habitat limiting factors (e.g., 
wetland conversions to human uses, poorly 
implemented compensatory wetland mitiga-
tion projects, declines in water quality, etc.) 
could lead to declines even in wading bird 
populations that currently appear to be rela-
tively stable (Liebezeit and Larson 2014).

Seabirds and Shorebirds 

Most seabird and shorebird populations in 
the study area have shown neither a clearly 
increasing nor a clearly decreasing population 
trend over the past few decades (Table 1). 
There are two notable exceptions: the local 
brown pelican populations appear to have 
recovered since the 1980s, while whimbrel 
populations have declined (Audubon 2014, T. 
Rodenkirk, pers. comm., January 19, 2012). 

The USFWS (2009) explains that brown peli-
can populations declined in the early 1970s 
primarily due to exposure to DDT and other 
contaminants, which affected pelicans’ ability 
to produce hard egg shells. Decreased food 
availability and human disturbance of nesting 
colonies during that time also affected brown 
pelican populations. USFWS suggests that 
regulations and restrictions controlling the 
use of DDT and other contaminants as well 
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as the establishment of nesting reserves have 
led to a successful recovery.  

The local trend of declining whimbrel popula-
tions may reflect data quality assurance and 
control concerns. CBC data are the best avail-
able tool for tracking the status and trends 
of local bird populations. These data are 
generally reliable, because bird sightings are 
most often recorded by, or in the presence 
of, observers with ample birding knowledge. 
However, not all sightings take place in the 
presence of experienced birders so there’s 
always the possibility for error. Tim Rodenkirk 
(pers. comm., January 19, 2012), a local bird 
expert and long-time coordinator of the Coos 
Bay CBC, speculates that early Coos Bay CBC 
volunteers may have confused the whimbrel 
with the long-billed curlew. The long-billed 
curlew is seen in the Coos estuary more regu-
larly, although in small numbers (Cornu et al. 
2012, Audubon 2014, Rodenkirk 2012). For 
more information about data concerns, see 
the Chapter Summary.  

Shorebirds use the Coos estuary in winter 
and during migration for many purposes (e.g., 
roosting and foraging). Foraging flocks tend 
to occupy the habitat around the estuary 
(Rodenkirk 2012). The abundance of flocks in 
proximity to the estuary is influenced largely 
by food availability, access to exposed mud-
flats, presence and exposure to predators, 
and human disturbance (Cornu et al. 2012). 

During high tide, human disturbance affects 
the distribution of roosting shorebirds (Pe-
ters and Otis 2007). The Coos estuary is used 
extensively for recreational fishing, crabbing, 

and shellfish harvesting, and its shores used 
for ATV riding, camping, hiking, horseback 
riding, and other activities. 

In some cases, human disturbance can create 
roosting habitat. For example, one of the 
best high tide roosts for shorebirds in the 
project area is located on the North Spit in 
the Lower Bay Subsystem. Historically, birds 
roosted here in the deflation plain at the site 
of an effluent holding pond for a Weyerhae-
user pulp mill. However, after the closure of 
the mill, natural succession has reclaimed 
the site, limiting the suitability of this hab-
itat for shorebird roosting. The Cape Arago 
Audubon Society is working with the Oregon 
International Port of Coos Bay to develop a 
habitat management plan that would support 
features necessary for high-tide roosting in 
this area.  
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Birds of Special Concern in 
the Lower Coos Watershed 
Summary: 

 � Oregon coast western snowy plover 
populations have increased since the early 
1990s. Our Lower Bay subsystem is one 
of the most productive breeding habitats 
statewide.

 � Marbled murrelet populations are declining 
across their range. The forests of Coastal 
Oregon may include some of the murrelets’ 
most critical refuges if current trends 
continue.

 � Regional northern spotted owl populations 
have declined since the early 1990s. Locally, 
the rate of decline is a matter of debate and 
may even be negligible. 

 � Local double-crested cormorant 
populations have nearly 
recovered after declines in 
recent years. More information 
is needed to fully understand the 
impacts of cormorant predation 
on juvenile salmon populations. 

Figure 1. Bird habitat of special concern within the 
lower Coos watershed (Project Area), including critical 
habitat designation for the marbled murrelet (black), 
the northern spotted owl (yellow) as well as the location 
of double-crested cormorant colonies (blue) and snowy 
plover habitats (red). Plover habitats and cormorant colo-
nies not to scale. Data: USFWS 2011, 2012, 2014c, 2014a; 
Naughton et al. 2007
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What’s happening?

Because of their close ties to important 
economic and cultural resources in the 
study area (e.g., timber, salmon, dune rec-
reation), the following birds of special con-
cern were selected for this data summary: 
western snowy plover (Charadrius niosus), 
double-crested cormorant (Phalacrocorax 
auritus), marbled murrelet (Brachyramphus 
marmoratus), northern spotted owl (Strix 
occidentallis), and California condor (Gymno-
gyps californianus). Several of these species 
are rare, endangered, or threated and have 
been the focus of substantial public concern 
(see Background)(Figure 1). 

Western Snowy Plover (Charadrius alexandri-
nus nivosus)

In 2012, Lauten et al. compiled data from nine 
snowy plover (SNPL) monitoring sites on the 
southern Oregon coast (Figure 2). Their data 
indicate that, since 1990, the reproductive 
success of the snowy plover on the southern 
Oregon coast has been variable year-to-year 
but increasing overall (Figure 3). In addition, 
overwintering snowy plover survival rates on 
the southern Oregon coast were higher than 
average in 2012 (73% survival; 64% 1994-
2011 mean survival)(Lauten et al. 2012). 

Within the study area, the Lower Bay Subsys-
tem- the North Spit in particular- is important 
breeding habitat for the local snowy plover 
population (Lauten et al. 2012; USACE 2007; 
Hewitt et al. 2006). The United States Fish 
and Wildlife Service (USFWS 2005) designat-
ed a large part of North Spit as critical snowy 

plover habitat (Figure 4). Nesting occurs 
primarily on the southern end of this habitat 
designation (Hewitt et al. 2006).  

Like the regional data, the reproductive 
success of snowy plovers on the North Spit is 
characterized as “very high” for both nest suc-
cess and in-migration of reproductive adults 
(Lauten et al. 2012; Hewitt et al. 2006). Since 
1992, the reproductive effort of the North 
Spit adult population has been increasingly 
successful with 50 local snowy plover fledg-
lings observed 2012 (an 82% increase from 
1992 levels)(Lauten et al. 2012). The North 

Figure 2. The location of nine snowy plover monitoring sites on 
the southern Oregon coast, including one site in the Lower Bay 
Subsystem (bold). The study area is highlighted above (green). 
Source: Lauten et al. 2012
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Figure 4. The location of critical snowy plover habitat 
within the study area. Source: USFWS 2014c

Figure 3. The regional reproductive success of snowy plovers summed across nine southern Oregon coast monitoring sites (see 
Figure 2). Fledgling success (blue) is defined as the ratio of number of fledglings: number of eggs. In 2012, fledgling success was 
43%, a 32% increase from 1990-levels. Fledgling success appears to follow a weak linear relationship, with only 15% of variation 
in fledgling success (R2=0.15) being described by a constant increase of 0.58% annually. In 2012, total fledglings (red) increased to 
173 juveniles, a 57% increase from 1990-levels. The increase fledgling population follows a moderately strong linear increase, with 
55% of variation in total fledglings being described by a constant increase of 4.76 juveniles annually. Data: Lauten et al. 2012 

Spit fledgling success rate has been highly 
variable from year to year, and annual rates of 
linear change since 1992 are not statistically 
different from zero (p=0.94). However, re-
searchers note that nest success on the North 
Spit in 2012 was “well above average” and 
that the hatch rate was “the highest on the 
coast” (Lauten et al. 2012). North Spit SNPL 
population trends are shown in Figure 5.

Snowy plover populations have been feder-
ally listed as threatened since 1993 (USFWS 
2014b), and listed as threatened, imperiled, 
or locally endangered on other registries, 
including the Oregon Department of Fish and 
Wildlife (ODFW) and global and state Natu-
ral Heritage Programs (ODFW 2012; ORBIC 
2013). 
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Double-Crested Cormorant (Phalacrocorax 
auritus)

According to the USFWS (2014a), there were 
approximately 16,850 breeding double-crest-
ed cormorant (DCCO) pairs in Oregon in 2013. 
Most of these birds (14,900 breeding pairs) 
are located in the Columbia River Estuary, 
which supports the largest DCCO colony in 
western North America (USFWS 2014a; Lyons 
et al. 2014; Adkins and Roby 2010). Excluding 
Columbia River, there were 1,937 breeding 
DCCO pairs in coastal Oregon in 2013, a 54% 
increase from 2012 (1,260 breeding pairs)
(USFWS 2014a; Adrean 2013). Despite recent 
increases, DCCO populations have decreased 
statewide from 2009 peak levels (2,384 
breeding pairs)(Adkins and Roby 2010). 

There are two DCCO colonies within the study 
area near the McCullough Bridge. An addi-
tional three colonies are in close proximity to 
the study area near Gregory Point (Figure 6). 

Historically, the study area DCCO colonies 
have been larger than the Gregory Point 
colonies (Table 1). The data suggest that 
local DCCO breeding populations may have 
decreased throughout the mid-2000s, but 
have since recovered (USFWS 2014a)(Figure 
7). USFWS (2014a) estimates that there were 
326 DCCO breeding pairs in the Coos Bay area 
in 2013 (down 15% from 2003)(Table 1).

Public concern is often voiced about the 
consumption of juvenile salmonids by DCCOs, 
which are known to prey on more than 250 

Figure 5. The local reproductive success of snowy plovers on the North Spit (Lower Bay Subsystem). Fledgling success (blue) is 
defined as the ratio of number of fledglings: number of eggs. Local fledgling success rates is described by neither a linear increase 
nor a linear descrease since 1992 (R2=0). However, the increase the North Spit fledgling population (red) follows a moderately 
strong linear increase, with 46% of variation in total fledglings being described by a constant increase of 1.39 juveniles annually.   
Data: Lauten et al. 2012 
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species of freshwater and marine fishes (Ad-
kins and Roby 2010). To address this concern, 
ODFW conducted a DCCO diet study in Tilla-
mook Bay (Adrean 2013). They estimated that 
DCCOs consumed approximately 8,000 juve-
nile Coho (about 4% of all outmigrating Coho 
smolts) over two months (Adrean 2013).Their 
data indicate that the salmonid component of 
the DCCO diet was significantly higher in April 
than in May (Figure 8). Steelhead (47%) and 
Coho (21%) comprised the largest proportion 
of salmonids consumed (Table 2). 

Figure 6. Location of double-crested cormorant colonies (yellow dots) within the study area and adjacent nearshore 
habitat. The location of colonies near Gregory point is provided in the insert. SS= South Slough, IS= Isthmus Slough, CS= 
Catching Slough, CR= Coos River, UB= Upper Bay, PS= Pony Slough, HI= Haynes Inlet, NS= North Slough, LB= Lower Bay 
Data: Naughton et al. 2007; USFWS 2014a 

Table 1. Population trends in double-crested cormorant 
breeding colonies indicate a substantial reduction in numbers 
relative to 2003 levels and a shifting of the breeding population 
favoring the Greggory Point Complex over colonies within the 
study area. Data: Naughton et al. 2007; USFWS 2014a 



16-64 Birds in the Lower Coos Watershed

In 2013, ODFW expanded the DCCO preda-
tion study to include two additional estuar-
ies. Their preliminary results indicate that 
salmonids comprise about 6, 11, and 7% of 
the DCCO diet in the Tillamook, Umpqua, and 
Rogue systems, respectively. Almost all salmo-
nids detected in the 2013 DCCO predation 
study were juvenile Coho salmon (J. Lawonn, 
pers. comm., April 21, 2014).

This analysis corroborates research conduct-
ed by Oregon State University (OSU) and 

the United States Geological Survey (USGS) 
on the Columbia River (BRNW 2009) which 
suggests that juvenile salmonids comprise 
approximately 10% of the DCCO diet on aver-
age (range = 2-25%). It’s also consistent with  
previous studies indicating that sand lance 
(Ammodytes hexapterus), clupeids (herrings 
and sardines), cottids (sculpins), embiotocids 
(surf perches), engraulids (anchovies), pholids 
(gunnels), and stichaeids (pricklebacks) are 
important prey for DCCO populations in west-
ern North America (Adkins and Roby 2010).

Figure 7. Population 
trends in double-crested 
cormorant breeding 
colonies within the study 
area (blue) and at the 
Gregory Point Complex 
(red). Total population 
numbers (breeding pairs) 
are shown above their 
respective bars. The total 
local breeding popula-
tion (dashed line) is the 
vertical sum of colonies 
within the study area and 
Gregory Point colonies. 
Data Naughton et al. 
2007; USFWS 2014a

Figure 8. The composition 
of the double-crested 
cormorant diet during a 
two-month study period 
at Tillamook Bay in spring 
2012. Data: Adrean 2013 
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The DCCO is not listed as a threatened or en-
dangered species (ODFW 2012; ORBIC 2013; 
USFWS 2014b).

Marbled Murrelet (Brachyramphus marmor-
atus)

Marbled murrelet (MAMU) monitoring in 
federal forests is conducted within “conserva-
tions zones” (USFWS 1997)(see Pacific North-
west Forest Plan sidebar). The Coos estuary is 
near the boundaries of conservation zones 3 
and 4 (Figure 9). 

Researchers report a decline in MAMU pop-
ulations over the past decade throughout 
the Pacific Northwest (Raphael et al. 2011; 
Strong 2010; Falxa et al. 2011). The decline 
is thought to be substantial. Populations in 
Oregon, Washington, and California have 
decreased about 3.7% annually (a 30% reduc-
tion in total population between 2001-2009 
alone)(Raphael et al. 2011; Falxa et al. 2011).

The fastest rate of MAMU population decline 
is occurring in northwest Washington. More 
modest population declines are occurring 
at the southern end of the murrelet’s range 
(Table 3).  

Survey data indicate the MAMU populations 
of coastal Oregon are some of the largest on 
the west coast. Falxa et al. (2011) estimate 
that the population of conservation zone 3 
(Columbia River to Coos Bay) is approximately 
7,200. They add that this zone alone accounts 
for about 43% of the entire population of 
Oregon, Washington, and California. They 
also found that the highest at-sea density on 
the west coast occurred in zone 3 (4.53 birds/
km2). Some suggest that the forests associ-
ated with zone 3 may play an increasingly 
important role if current MAMU population 
trends continue.  

Figure 9. The five marine marbled murrelet conservation zones 
adjacent to the Northwest Forest Plan (NWFP) area. The inland 
breeding distribution within the NWFP area is shaded, and the 
Plan boundary is outlined. Data and caption: Raphael et al. 
2011 

Table 2. Salmonid component of the double-crested cormorant 
diet in Tillamook Data: Adrean 2013ww
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In 1996, USFWS designated critical habitat for 
the MAMU (USFWS 1997). USFWS reserves 
the critical habitat designation for old-growth 
forests that either contain potential nesting 
trees or are located within 0.8 kilometers (0.5 
miles) of potential nesting trees. They define 
potential nesting trees as “…large trees, gen-
erally more than 81 centimeters (32 inches) in 
diameter at breast height with the presence 
of potential platforms or deformities such as 
large or forked limbs, broken tops, dwarf mis-
tletoe infections, witches’ brooms, or other 
formations providing platforms of sufficient 
size to support adult marbled murrelets” 
(USFWS 1997). 

Due to the characteristics of local forests, crit-
ical MAMU habitat is relatively scarce in the 
study area; only one 39-acre parcel of critical 
murrelet habitat (in the Coos River Subsys-
tem) is located inside the project boundary 
(USFWS 2011)(Figure 10). Murrelets are more 
likely to nest in the uplands immediately 
outside the project area where more mature 
forest stands can still be found. Hamer and 
Nelson (1995) estimate that Pacific Northwest 

MAMUs nest an average distance of 17 km 
(11 miles) from the coast.  They report that 
Oregon murrelets will nest as far as 40 km (25 
miles) inland. 

Marbled murrelets are likely to use habitat 
within the project area for activities other 
than nesting (e.g., foraging in coastal waters)
(Raphael et al. 2011). The Audubon Christ-
mas Bird Count (CBC) frequently records 1-4 
MAMUs annually, with the most recent sight-
ing (2 individuals) occurring 2013 (Figure 11). 

The marbled murrelet is listed as a threat-
ened species at both a state and federal level 
(USFWS 2014b; ODFW 2012; ORBIC 2013).

Table 3. Estimated annual rates of decline of marbled murrelet 
populations (2000-2010) in conservation zones along the west 
coast (see Figure 8). The Coos estuary is at the boundary of 
zones 3 and 4 (yellow). Data: Raphael et al. 2011  

Figure 10. Critical nesting habitat on state and federal lands 
within the nesting range of marbled murrelets associated with 
the lower Coos watershed (Project Area). The nesting range 
is defined as approximately 20 miles or less from the project 
area boundary. The approximate location of the 39-acre plot of 
nesting habitat within project area is also mapped above. The 
size of this parcel has been enlarged to facilitate easy viewing. 
Data: USFWS 2011
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Northern Spotted Owl (Strix occidentalis 
caurina)

Davis et al. (2011) compiled northern spotted 
owl demographic data from 9 study areas 
within 12 Pacific Northwest “physiographic 
provinces,” which collectively represent the 
extent of the northern spotted owl range 
(Figure 12). Their data indicate a decline in 
northern spotted owl populations throughout 
its range since the early 1990s (Figure 13). 
The average rate of decline was estimated at 
about 2.8% annually, with the greatest total 
loses (40-60% reduction in the adult popula-
tion since 1994) occurring in Washington and 
northern Oregon. 

Spotted owl populations on the southern 
Oregon coast mirror regional population de-
clines, although some debate exists. Zabel et 
al. (1996) estimated spotted owl population 
declines in the forest immediately outside 
the study area at a rate of 7% annually from 
1990-1993. Similarly, Forsman et al. (2013) 
noted a steady decline in spotted owl survey 
detection rates on the Oregon coast from 
1990-2011. Some research suggests that the 

local spotted owl decline has been “moder-
ate” (Courtney et al. 2004). High variability in 
the spotted owl population data (as evi-
denced by sizable confidence intervals) also 
leaves open the possibility that local spotted 
owl populations may declining very slowly, if 
at all (Davis et al. 2011; Courtney et al. 2004). 

The USFWS (2013b) defines critical spotted 
owl habitat as “…forest types of sufficient 
area, quality, and configuration to support the 
needs of territorial owl pairs throughout the 
year… including habitat for nesting, roost-
ing, foraging, and dispersal.” Forest habitat 
matching this description is found almost 
entirely outside of the project area boundary, 

Figure 11. Marbled murrelet sightings in Coos Bay from the 
Audubon Christmas Bird Count (1990-2013). Data: Audubon 
2014, Rodenkirk 2012.

Figure 12. Demographic study areas (shaded) and physiograph-
ic Provinces (numbered) for northern spotted owl status and 
trends study. Study areas are comprised primarily of federal 
lands administered under the Northwest Forest Plan. Figure: 
Davis et al. 2011
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although some critical spotted owl habitat 
exists in the northern part of the Coos River 
Subsystem (Figure 14). 

The spotted owl is listed as a threatened spe-
cies at both a state and federal level (USFWS 
20104b; ODFW 2012; ORBIC 2013).

California Condor (Gymnogyps californianus)

California condor bones found in the ar-
chaeoligical record and historic observations 
suggest that condors were once a permanent 
resident of southwest Oregon (Miller 1942, 
Wilber 1973, Finley 1908, USFWS 2013c, 
USFWS 1996). Range contraction in the 19th 
century and population declines in the 20th 
century diminished local condor populations 

Figure 13. Northern spot-
ted owl population trends 
(1990-2008) in Oregon, 
Washington, and Califor-
nia study sites with 95% 
confidence intervals. Data 
are expressed in terms of 
percent change since the 
early 1990s. Population 
trends falling below the 
dashed line indicate 
declining numbers. Data: 
Davis et al. 2011
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and distribution (Miller 1942, USFWS 1996, 
USFWS 2013c)(see Why is it happening?). 
Currently, wild populations of California 
condors (Gymnogyps californianus) exist only 
in central and southern California, northern 
Arizona, southern Utah, and northern Baja 
California (Figure 15). 

Although the current range of the California 
condor does not include Oregon, many sci-
entists and conservationists have expressed 
interest in restoring this extremely rare bird 
to its historic range in the Pacific Northwest. 
Currently, the Oregon Zoo (n.d.) aids USFWS 
condor restoration efforts by breeding condor 
pairs in captivity for release in California and 
Arizona. While restoration in other states con-
tinues, California condor re-introduction to 

the Pacific Northwest remains under on-going 
discussions. 

From 2012-2014, Varland et al. (2012) collect-
ed contaminates (i.e. lead, organochlorines) 
from carrion at several locations in coastal 
Oregon and Washington, including specimens 
from the Lower Bay subsystem. Their research 
used other avian scavengers, such as eagles, 
vultures, and ravens, as surrogate species 
for the California condor; by determining the 
level of contamination in both marine mam-
mal carcasses and in the birds that scavenge 
them, they could predict potential risks to 
re-introduced California condors. Varland 
et al. conclude that estimating the potential 
risks posed by contaminants to re-introduced 
condors is not yet possible because their 
small sample sizes limit their ability to effec-
tively analyze the data.

California condors remain federally listed as 
an endangered species (USFWS 2014b). 

Figure 14. Critical northern spotted owl habitat (yellow) within 
the lower Coos watershed (Project Area) and immediately 
associated uplands ( > 20 miles from project area boundary. 
Data: USFWS 2012

Figure 15. California condor range (yellow) and active release 
sites (red stars) Figure and Caption: USFWS 2013c
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Why is it happening? 

Western Snowy Plover (Charadrius alexandri-
nus nivosus) 

Historically, snowy plovers nested in at least 
29 known locations on the Oregon coast 
(USFWS 2013a). However, European beach 
grass (Ammophila arenaria), a fast-spreading, 
persistent invasive species, has colonized for-
merly open sandy dune habitats and changed 
dune formations (USFWS 2013a; Wiedemann 
1984). Beach grass-related habitat changes 
are compounded by both development in 
beach habitats and the heavy recreational use 
of coastal dunes (Powell and Collier 2000). As 
a result, there was a substantial loss of plover 
breeding habitat (approximately 72% of 
historic habitat lost on the Oregon coast) and 
a subsequent decline of reproductive snowy 
plover adults in the early 1990s (USFWS 
2013a; USACE 2007). Of the remnant SNPL 
breeding habitats in Oregon, the Coos Bay’s 
North Spit remains one of the most import-
ant and productive in the state (Lauten et al. 
2012; USACE 2007; Hewitt et al. 2006). 

Recent improvements in the reproductive 
success of local snowy plover populations 
are likely the result of a combination of the 
almost heroic efforts by scientists and land 
managers to: 1) restore plover breeding habi-
tat; 2) reduce SNPL predator populations; and 
3) monitor breeding populations (Burrell 2012 
cited from Lauten et al. 2012; Lauten et al. 
2012; USACE 2007).

Double-Crested Cormorant (Phalacrocorax 
auritus)

Adkins and Roby (2010) explain that dou-
ble-crested cormorant populations have 
expanded dramatically over the past 50 years 
throughout western North America, with the 
largest increases occurring in the Columbia 
River Estuary. They suggest this trend is the 
result of various statutory and ecological fac-
tors, including the inclusion of double-crested 
cormorants in the Migratory Bird Treaty, the 
prohibition of DDT, and cormorants’ increased 
use of artificial breeding habitats. They also 
note that west coast cormorant populations 
are kept in check by growing bald eagle (Hal-
iateeus leucocephalus) populations, episodic 
human disturbance, and the long-term ef-
fects of pollutants. As a consequence, dou-
ble-crested cormorant populations remain an 
order of magnitude less than their counter-
parts in central and eastern North America. 

Understanding the effects of cormorant pre-
dation on local juvenile salmonids is difficult. 
Counts of breeding populations alone under-
estimate estuary use, because they do not in-
clude the (potentially substantial) population 
of non-breeding birds that use the estuary as 
a foraging ground (Adrean 2013). 

In addition, double-crested cormorant 
stomach content data vary substantially from 
month-to-month. One interpretation of the 
data is that these birds tend to be opportunis-
tic feeders (Sullivan et al. 2006) which means 
that juvenile salmonids may represent a rela-
tively large share of the local double-crested 
cormorant diet during smolt outmigration 
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(i.e., when this prey species is most readily 
available). It’s worth noting, however, that the 
conclusions drawn from cormorant stomach 
content studies may be site-specific, because 
different fisheries operate under unique 
physical, biological, and cultural conditions 
(Sullivan et al. 2006). More information is 
needed about the dietary preferences of local 
cormorant populations to fully understand 
the effects of predation on salmonids in the 
Coos system.

Juvenile salmonids in the Coos system are 
also subject to predation by other species, 
including seals and sea lions. For more infor-
mation about salmon in the Coos estuary, see 
Chapter 13: Fish in the Lower Coos Water-
shed.   

Marbled Murrelet (Brachyramphus marmor-
atus)

Although MAMUs use the lower watershed 
during many life stages, they are most closely 
associated with their use of late-successional 
and old-growth coastal forests for nesting 
(Raphael et al. 2011). In the MAMU species 
recovery plan, the USFWS (1997) notes that 
preserving MAMU nesting habitat is critical-
ly important to the recovery of the species, 
because murrelet population size is “strongly 
and positively correlated” with habitat avail-
ability (Raphael et al. 2011; USFWS 1997).   

Raphael et al. (2011) estimate that over 
490,000 acres of suitable murrelet nesting 
habitat (about 13% of the suitable habitat 
throughout its range) were lost between 1994 
and 2007 (Table 4). They recognize fire as a 

major cause of habitat loss on federal land 
and timber harvest as the primary cause on 
non-federal land. 

These same researchers also suggest that a 
large majority of Oregon’s prime murrelet 
nesting habitat is located within the Coast 
Range. In 2007, there were approximately 
936,000 acres of suitable nesting habitat 
in Oregon’s Coast Range alone (71% of all 
suitable nesting habitat statewide). The 
availability of this type of nesting habitat in 
Oregon’s Coast Range has decreased by about 
32% from 1994 levels, the year in which 
the Northwest Forest Plan (NWFP) was first 
enacted. The greatest losses during this time 
period were on non federal lands within the 
Coast Range, which lost approximately 43,000 
acres of prime nesting habitat primarily due 
to timber harvests.

Northern Spotted Owl (Strix occidentalis 
caurina)

Research in nearby Elliot State Forest shows 
that local spotted owls are highly dependent 
on large tracts of old-growth forest, requiring 
an average “home range” (i.e., the area used 
to obtain cover, food, mates, and care for 
young) of about 842- 1,108 hectares (2,000-
2,700 acres)(Glenn et al. 2004). Meiman et al. 
(2003) explains that home ranges are espe-
cially important to non-migratory species like 
the northern spotted owl, which depends on 
the resources within the home range for year-
round survival. Even when other closed-can-
opy forests are available, spotted owls are 
known to travel large distances to establish a 
home range in the old-growth forest habitats 
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that meet their biological requirements (Car-
ey et al. 1990). 

The suitability of spotted owl habitats has 
been compromised because old-growth 
forest habitats in the Pacific Northwest have 
decreased dramatically from historic levels. 
It’s estimated that only a small percent-
age (5-20%) of original old growth forest in 
Oregon, Washington, and California remain 
(Raphael et al. 2011). Loses from timber har-
vest, disease and insects, wildfire, and other 
forest threats have continued across the 
entire northern spotted owl range in recent 
decades. Moeur et al. (2011) estimate that 

all NWFP lands (both federal and non-fed-
eral) experienced a net loss of over half a 
million acres from 1994-2007, with forests in 
Oregon’s Coastal Range alone losing approx-
imately 141,000 acres (11% reduction) over 
this same time period. 

Alterations to spotted owl habitats (e.g., 
commercial thinning) are likely to result in 
significant habitat-use responses (Meiman et 
al. 2003). For example, research shows that 
spotted owls in Oregon’s Coast Range will 
traverse areas up to 85% larger to establish a 
home range in fragmented forests than they 
would in late-successional forests (Carey et al. 

Table 4. Baseline estimates for high 
suitability marbled murrelet nest-
ing habitat (thousands of acres in 
1994) in Oregon, Washington, and 
California compared to habitat loss 
(thousands of acres 1994-2007) 
from fire, timber harvest, and 
other causes (e.g., insects, disease, 
and other long term disturbances). 
Forests are classified by ownership 
(federal and nonfederal) and “land 
use allocation” status (reserved 
and nonreserved). The commer-
cial harvest of timber on federally 
owned reserved forest land is 
generally not permitted under the 
Northwest Forest Plan. Timber 
harvest on nonreserved land is 
allowed. Data: Raphael et al. 2011 
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1992). These types of behavioral responses 
may affect local owl populations, because any 
reduction in the owls’ home range habitat 
quality will require them to travel further to 
meet food requirements possibly decreasing 
their survival rates or reproductive fitness 
(Meiman et al. 2003). 

Population responses to habitat loss and 
fragmentation are likely to be compounded 
by other factors, such as competition for re-
sources by the barred owl and disease. 

Over the past 50 years, researchers have not-
ed that the northern barred owl (Strix varia 
varia) has expanded its range into southwest-
ern Canada, the northern Rockies, and the 
Pacific states, where it has invaded the range 
of the northern spotted owl (Courtney et al. 
2004). USFWS (2013b) recognizes resource 
competition from the barred owl as a poten-
tial threat to the spotted owl. Some surveys 
on the Oregon coast show that the spotted 
owl population decline corresponds to a con-
current increases in barred owl abundance, 
suggesting that this competitive threat may 
be substantial in the forests surrounding the 
study area (Figure 16).

Finally, the West Nile Virus is now consid-
ered to be an emergent threat to the spotted 
owl (Courtney et al. 2004). Although little is 
known about the exact impact of this disease 
on owl populations, early research indicates 
that there is considerable concern that spot-
ted owls may be susceptible to the disease 
(Rappole et al. 2000, Komar et al. 2003, Male 
2003).  

California Condor (Gymnogyps californianus)

Fossil records and historic observations 
indicate that the California condor was a 
permanent resident of Oregon prior to the 
turn of the 19th century (Miller 1942, Wilber 
1973, USFWS 1996, USFWS 2013c, D’Elia 
and Haig 2013)(Figure 17). Range contrac-
tion and severe population decline have 
effectively removed this species from the 
Pacific Northwest (Miller 1942, USFWS 1996, 
USFWS 2013c). Researchers have suggested 
that secondary poisoning from consumption 
of carrion, shootings, exposure to DDT and 
other pesticides, reproductive problems, and 
collisions with man-made objects (including 
power lines) as reasons for condor population 
declines (USFWS 1996). Complex life history 
and low fecundity likely intensified these 
factors (Wilber 1973, USFWS 1996). 

California condor conservation efforts begin 
as early as 1930 focused initially on habitat 
preservation (USFWS 2013c). Beginning in the 
mid-1970s, USFWS launched intensive efforts 
to preserve the California condor gene pool 
by encouraging captive breeding programs, 
and reintroducing condors to the wild while 

Figure 16. Proportion of spotted owl sites in which barred owls 
and spotted owls were detected on the Oregon Coast Ranges 
Study Area, 1990-2012 Caption and Figure: Forsman et al. 2013 
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continuing to protect condor habitat (USF-
WS 1996, USFWS 2013c). Condor numbers 
reached a historic low in 1986, when only 
9 individuals remained in the wild (USFWS 
2013c). Conservation efforts have since lead 

to a subsequent recovery of the species 
(Figure 18). The California condor has not yet 
been re-introduced to the full extent of its 
historic range but populations exist in Cali-
fornia, Utah, and Arizona (Figure 15)(USFWS 

Figure 17. Irene Finley 
taunts a young condor 
known as “General” by 
playing a game of keep-
away at her home along 
the banks of the Willam-
ete River near Portland, 
Oregon circa 1906. Figure 
and Caption: D’Elia and 
Haig 2013

Figure 18. Conservation, 
reintroduction, and 
captive breeding efforts 
have worked together to 
re-establish a small wild-
fledged California condor 
population (green) in 
recent years Figure: USF-
WS 2013c
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2013c). It remains listed as on the federal reg-
istry of endangered species (USFWS 2014b).     

Background 

Habitat requirements associated with the 
birds described in this data summary some-
times overlap with the development and 
natural resource uses that have fueled Pacific 
Northwest coastal economies for decades. 
These often conflicting overlaps have gener-
ated a substantial amount of public concern, 
followed by detailed scientific, political and 
economic considerations of the trade-offs 
associated with various human land use 
strategies. The continued effort to balance 
habitat conservation with economic progress 
and recreational access is a matter of on-go-
ing debate. 

Western Snowy Plover 

The western snowy plover is a small shorebird 
weighing approximately 34-58 g (1-2 oz) and 
reaching only 15-17 cm (6-7 in.) in length by 
adulthood (USFWS n.d.). The Pacific coast 
population, which is listed as a threatened 
species at both the federal and state level, 
nests near tidal waters on the shore of the 
mainland coast, peninsulas, offshore islands, 
bays, and estuaries from southern Washing-
ton to Baja California, Mexico (USFWS n.d., 
2014b; ODFW 2012; ORBIC 2013). 

In their Species Fact Sheet series, USFWS 
(n.d.) describes the life history of the snowy 
plover as follows: 

 � Nesting occurs on flat, open areas with 
sandy or saline substrate, with the clutch 
size commonly between 1-3 eggs. 

 � Plover chicks leave the nest within hours 
of hatching but are unable to fly for about 
a month, leaving them vulnerable to pre-
dation in the early stages of their lives.  

 � Some “resident” snowy plovers remain in 
their breeding grounds year-round, while 
others migrate in the winter. 

 � Snowy plovers have “high site fidelity,” 
meaning they often return to the same 
spot year-after-year to nest.

Over the past few decades, the availability of 
snowy plover habitat on the Pacific coast of 
North America has been limited by several 
factors, including the spread of invasive beach 
grass, urbanization, and heavy recreational 
use of coastal dunes (see Why is it happen-
ing?)(USFWS 2013a; Wiedemann 1984; 
Powell and Collier 2000). The subsequent 
plover population decline across the Pacific 
Northwest has sparked an on-going debate 
regarding the need to protect critical habi-
tats while continuing to realize the economic 
benefits associated with coastal development 
and recreation. 

Double-Crested Cormorant

The double-crested cormorant nests along 
coasts and in inlets throughout the Pacific 
coast of western North America (USFWS 
2006). This species feeds almost exclusively 
on fish (Sullivan et al. 2006; USFWS 2006). 
Due to their dietary preferences, dramatic 
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increases in cormorant populations in recent 
decades have been perceived by commercial 
and sport fisherman (and others) as a sig-
nificant cause for concern (Adkins and Roby 
2010; Sullivan et al. 2006; USFWS 2006). On 
the southern Oregon coast, this is particular-
ly true in regard to the predation of salmon 
species, a highly valued cultural and econom-
ic resource. 

Sullivan et al. (2006) explain that studies 
designed to assess the impact of cormorant 
predation on fisheries are often inconclusive, 
because obtaining the necessary information 
can be complicated and expensive (particular-
ly in large, open systems). They add that con-
clusions may be site-specific, because differ-
ent fisheries operate under unique physical, 
biological, and cultural conditions. The exact 
impact of double-crested cormorant preda-
tion on the Coos salmon fishery is unknown 
and a source of continued controversy. 

Marbled Murrelet

The MAMU is a small seabird that forages 
in coastal waters from central California 
to southwest Alaska (Raphael et al. 2011). 
Although MAMUs spend the majority in their 
life in coastal waters, they nest in the uplands 
and sometimes travel long distances to nest 
in coastal forests (Hamer and Nelson 1995). 
MAMUs show a clear preference for nest-
ing platforms with features characteristic of 
late-successional (old-growth) forests (USFWS 
1997, Raphael et al. 2011). In the late-1980s 
and early-1990s, controversy surrounding 
the management of old-growth forests in the 
Pacific Northwest resulted in legislation that 

changed the way these forests are managed 
(see Northwest Forest Plan sidebar). 

Northern Spotted Owl

The northern spotted owl’s range extends 
from southwestern British Columbia to cen-
tral Mexico (Gutiérrez et al. 1995 cited from 
Courtney et al. 2004). Similar to the marbled 
murrelet, the northern spotted owl is closely 
associated with commercially valuable old-
growth, coniferous forests, which it uses for 
foraging, nesting, and roosting (Carey 1985; 
Courtney et al. 2004; Meiman et al. 2003; 
Zabel et al. 1996). 

Historically, the northern spotted owl was 
considered a rare resident of Pacific North-
west forests (Bent 1938 cited from Courtney 
et al. 2004). However, research in the 1970s 
revealed that spotted owls in the Pacific 
Northwest are more abundant in old-growth 
forests than initially thought (Forsman 1976, 
1977; Gould 1977). Courtney et al. (2004) 
explain that this discovery, coupled with 
increased logging activity after World War II, 
created concern for the conservation status 
of this species. Conservation efforts became 
controversial when continued research 
concluded that spotted owls’ habitat require-
ments include large plots of late-succession-
al forest with high commercial value (see 
Northwest Forest Plan sidebar). The debate 
continues today. 
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California Condor

The California condor is a scavenger that 
feeds primarily on large mammalian cara-
casses (e.g., deer, elk, livestock, etc)(USFWS 
2013c). Historic records indicate that con-
dors north of California had become rare by 
the mid-19th century (Wilber 1973, USFWS 
2013c). USFWS (2013c) describes the Califor-
nia condor as “the only remaining member of 
its genus in the family Cathartidae,” calling it 
“one of the rarest bird species in the world.”
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Northwest Forest Plan 

In the late 1980s and early 1990s, a 

series of lawsuits effectively halted 

timber harvest in the Pacific Northwest. 
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Chapter 17: Mammals in the 
Lower Coos Watershed

Small Mammals: Little is known about the status 
small mammals in the project area.    

Large Mammals: Although exact estimates 
of large mammals in the project area are not 
available, population trends at a statewide level 
may offer some clues. Roosevelt elk, black bear, 
and cougar populations are likely stable and even 
increasing in the project area. There is reason to 
believe that black-tailed deer may be declining 
due to the loss of habitat and disease.

Figure 1. Distribution of mammal activity/habitat within 
the project area. Subsystems: CR- Coos River, CS- Catch-
ing Slough, HI- Haynes Inlet, IS- Isthmus Slough, LB- Lower 
Bay, NS- North Slough, PS- Pony Slough, SS- South Slough, 

UB- Upper Bay

Erik Larsen, Rose Rimler, Jenni Schmitt, Colleen Burch 
Johnson - South Slough NERR
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Chapter 17: Mammals in 
the Lower Coos Watershed

This section includes two data 
summaries: Small Mammals, and 
Large Mammals— which describe 
the status and trends of important 
mammalian species the lower Coos 
watershed.  

This chapter focuses on population trends 
for key mammals within the project area and 
mammal habitat less than 20 miles outside 
the project area boundary (see Figure 1). The 
key mammals discussed include the North 
American beaver (Castor canadensis) and rac-
coon (Procyon lotor) in the Small Mammals 
data summary, and Roosevelt elk (Cervus 
canadensis roosevelti), black-tailed deer 
(Odocoileus hemionus columbianus), black 
bear (Ursus americanus), and cougar (Puma 
concolor) in the Large Mammals data summa-
ry. Although other deer and elk species such 
as the Rocky Mountain Elk (Cervus canadensis 
nelsoni) and mule deer (Odocoileus hemio-
nus) occur elsewhere in Oregon (e.g., central 
and eastern Oregon), they are not discussed 
extensively in the large Mammals data sum-
mary.

This chapter is not intended to be a review 
of hunting regulations. To ensure compliance 
with Oregon state laws, hunters are encour-
aged to contact the Oregon Department of 
Fish and Wildlife (ODFW).

Small Mammals: Information about the 
abundance and distribution of beavers at 
a statewide level was provided by ODFW 
(2004, 2006a). Additional information was 
provided in peer-reviewed studies by Hiller 
(2011), ODFW (2013), and Nordholm and 
Miller (2008). Data detailing the presence of 
beavers in streams within the project area 
were provided by ODFW-sponsored research 
(Nordholm and Miller 2008), which was 
supplemented by work from the University of 
Oregon (Cramer 2010). 

Very little is known about the abundance and 
distribution of raccoons within the project 
area and state-wide. However, some infor-
mation about the behavior of raccoons as 
intertidal predators is available from Davidson 
(1990). 

Basic ecological information about small 
mammals (including beaver-salmonid interac-
tions) and assessments of public opinion are 
available through ODFW (n.d.a), Oregon State 
University (Csuti et al. 1997), the Audubon 
Society (n.d.), and other researchers (Cram-
er 2010, Collen and Gibson 2001, Davidson 
1990, Duke 1982, Fouty 2003, Jones et al. 
1996, Kemp et al. 2012, Lawton and Jones 
1995, Leidhold-Bruner et al. 1992, Needham 
and Morzillo 2011, Petro et al. 2015, Rodg-
ers et al. 1987, Snodgrass and Meffe 1998, 
Wright et al. 2002). 
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Large Mammals: The most recent data for 
deer and elk herd composition, elk popula-
tion trends, and Deer Hair Loss Syndrome 
prevalence within ODFW’s Tioga and Sixes 
Game Management Units (GMUs or Units) 
were provided by ODFW’s Charleston Field 
Office (ODFW 2015). Data describing recent 
trends in cougar populations were provided 
by the same source but are only available at a 
statewide level. 

Interpretation of recent deer and elk popu-
lation trends within ODFW’s Tioga and Sixes 
GMUs was facilitated by personal commu-
nication with a local expert (S. Love, pers. 
comm., April 29, 2015). A series of ODFW 
management plans and hunting forecasts 
(ODFW 2003, 2006b, 2008, 2012, 2014) 
provided information regarding many of the 
topics discussed in the large mammals data 
summary, including population estimates at a 
statewide level, historical context for inter-
preting long-term trends, and a description 
of the contributing factors explaining historic 
trends. 

In many cases, interpretations of historic 
large mammal population status and trends 
offered by ODFW (2003, 2006b, 2008, 2012, 
2014) are supported by information from 
peer-reviewed journal articles, books, tech-
nical reports, and other resources as follows: 
Deer and elk- Ackerman et al. 1984, Anderson 
1983, Beier and Barrett 1993, Cashman et 
al. 1992, Logan et al. 1996, Neal et al. 1987, 
Oregon Forest Resources Institute 2013, 
Pamplin 2003, Robinette et al. 1959, USDA 
n.d., White et al. 2010, Yarkovich et al. 2011; 
Bears- Bailey 1936, Foreyt 2001, Herrero et al. 

2011, Pamplin 2003, Pelton 2000, Rogers and 
Rogers 1976, Samuel et al. 2001, White et al. 
2010, Yarkovich et al. 2011; Cougars: Acker-
man et al. 1984, Anderson 1983, Anderson 
and Lindzey 2005, Beier and Barrett 1993, 
Cashman et al. 1992, Chinitz 2002, Cougar 
Management Guidelines Working Group 
2005, Iriarte et al. 1990, Keister and Van Dyke 
2002, Logan et al. 1996, Neal et al. 1987, 
Nowak 1999, Robinette et al. 1959, White et 
al. 2010, Yarkovich et al. 2011. 

Information about basic large mammal 
ecology and range maps are provided by 
both ODFW (2006b, 2008, 2012, n.d.b) and 
peer-reviewed sources (Graber 1990, Hellgren 
et al. 1997, Hellgren and Vaughan 1989, Link 
2004, Vander Heyden and Meslow 1999). 

Data Gaps and Limitations

Small Mammals: Information about historic 
and current beaver abundance is available at 
a statewide level, but this information like-
ly underestimates true beaver abundance 
because data collection is often restricted to 
salmon-bearing streams. 

Beaver data from the project area are limit-
ed, and focus entirely on the South Slough 
Subsystem. It should be noted that the reli-
ability of beaver abundance data is limited by 
methodological shortcomings. For example, 
in surveying beaver populations, the presence 
of beaver activity (e.g., ponds, dams, trails, 
chews, etc.) is commonly used as a proxy for 
beaver abundance. However, research shows 
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that these indicators may be poor substitutes 
for population information because the num-
ber of beavers present may not be correlated 
with the number of lodges, bank dens, or 
beaver dams in any one area (Swafford et al. 
2003). Camera trapping as a beaver surveying 
method may hold promise, but for Cramer 
(2010) the camera’s motion sensor was trig-
gered by wind-blown vegetation and not by 
the presence of beavers.

Large Mammals: Estimating the population 
of deer, elk, bears, and cougars is difficult 
due to these animals’ secretive life histories 
and their densely vegetated habitats (ODFW 
2006b, 2008). Love (pers. comm., April 29, 
2015) explains that aerial survey methods rely 
on the visual detection of animals to produce 
an estimate of herd composition, a method 
with limitations (e.g., weather and dense cov-
er) that can reduce the effectiveness of the 
survey effort. He adds that alternative survey 
methods (e.g., true population counts using 
ground survey techniques) generally produce 
less reliable results because the presence of 
surveyors in the field can influence the behav-
ior of the animals being surveyed. 

Bear survey methods involve deploying bacon 
baits containing a tetracycline biomarker 
used to generate mark-recapture data (see 
Background section in the Large Mammals 
data summary). Since this survey takes place 
during spring when bears are very active, the 
baits must be placed at least 5 linear miles 
apart to ensure that a single bear does not 
consume multiple baits in any one year. 

As a result, the geographic extent of a bear 
survey area must be expansive to ensure 
enough bears are marked to produce reliable 
population estimates with sufficiently small 
confidence intervals (S. Love, pers. comm., 
April 29, 2015). For this reason, bear popula-
tion data are not available for relatively small 
areas (e.g., the lower Coos watershed). 

In addition to spatial limitations, it should 
be noted that bear survey data rely on the 
successful harvest of a bear and the removal 
and processing of one of its pre-molar teeth 
in a laboratory. Since these processes can 
take a considerable amount of time, bear 
population estimates are considered to be a 
“lagging indicator,” meaning that the current 
population estimate is designed to indicate 
trends occurring two years prior (S. Love, 
pers. comm., April 29, 2015). 

Bear surveys also rely on the telltale marks 
which bears leave on trees to verify that a 
bear (rather than some other animal) has 
consumed the tetracycline bait. Although 
this method is fairly accurate, it’s not 100% 
reliable since gray foxes (Urocyon cinereoar-
genteus), which leave similar scratch marks 
on trees, have been documented eating tetra-
cycline baits intended for bears. 

According to ODFW (2006b), generating an 
estimate of cougar abundance is “not an 
exact science.” These estimates often rely on 
computer-generated models whose accuracy 
relies on reviews of existing literature. Mod-
el-generated estimates are typically present-
ed as ranges between two numbers deter-
mined by the data’s confidence intervals. 
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For more information about the confidence 
intervals of statewide cougar estimates, see 
the Oregon Cougar Management Plan (ODFW 
2006b). 

Finally, it should be noted that use of alterna-
tive metrics (e.g., annual patterns in harvest 
data, damage reports, etc.) as a proxy for 
total large mammal populations is subject to 
a variety of limitations, due to several extra-
neous variables. For example, variation in har-
vest rates may be related to food availability 
rather than true abundance trends (Fieberg 
et al. 2010, Howe et al. 2010). Similarly, data 
related to non-hunting conflicts may reflect 
changes in landscape characteristics, land 
use, or regulations rather than actual popu-
lation trends (Merkle et al. 2011, Howe et al. 
2010). Harvest data alone are subject to sub-
stantial variation related to hunter effort and 
hunter success, two variables that are at least 
partially independent of game abundance 
(e.g., precipitous reductions in the success 
rate of Oregon bear and cougar hunters in 
1994 following the prohibition of dogs and 
bait as hunting aids). 
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How the Local Effects 
of Climate Change Could 
Affect Mammals in the 
Lower Coos Watershed
Several climate-related changes have the potential to affect the 
abundance and distribution of mammals on the Oregon coast:

 � Changes to the composition and 
distribution of forest vegetation 
may affect predation rates, food 
availability, and fawn mortality in 
deer and elk. 

 � Mammals may modify their 
geographic distributions in 
response to climatic variation, a 
trend which could limit the overall 
fitness of some animals.

 � The range expansion of diseases 
and parasites could increase the 
frequency of some pathogens in 
mammals.

This data summary highlights general mam-
mal responses to anticipated climate-related 
changes on the southern Oregon coast, citing 
specific examples where possible. Unfortu-
nately, relatively little is known about the 
potential response of mammals to climate 
change. Most of the available research 

focuses on wild “ungulates” (i.e., hoofed 
mammals) in habitats in northern latitudes 
(e.g., Scandivinia and the Canadian arctic) and 
in the Mountain West region (i.e., Colorado, 
Wyoming, and Montana). Although the exact 
response of ungulates to climate change in 
Pacific Northwest is uncertain (ODFW 2008), 

Photos: Black Bear: Mike Dunn; Black-tailed deer fawn: 
Bob Schillereff; Beaver: Steve Blizard 
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the responses by deer and elk are expected to 
be similar (see the Shifting Geographic Distri-
butions section below). 

Climate change’s overall effects on mammals 
in the Pacific Northwest will be influenced 
by a complex web of ecological responses to 
change at various scales (ODFW 2008). Some 
ecological responses will affect mammals’ 
overall fitness and ability to survive by modi-
fying the availability of food and cover, chang-
ing predator-prey relationships, and changing 
the likelihood of parasitic infection or disease. 
Mammal survival will depend on the ability 
of species to adapt to changing conditions in 
existing habitats or migrate into new, more 
hospitable areas. 

Changing Habitat Conditions

Climate change may alter the characteris-
tics of important habitat features. Mysterud 
and Ostbye (1999) explain that vegetation 
density affects many important aspects of 
ungulate behavior, including grouping ten-
dencies (Hirth 1977, Lagory 1986), vigilance 
(Goldsmith 1990), alarm and flight responses 
(Lagory 1987), and circadian rhythms (Ander-
sen 1989). Deer also rely on actively growing 
plants as a source of forage (ODFW 2008). 
Since climate change is expected to directly 
affect the abundance, distribution, and den-
sity of local vegetation, large mammals will 
need to adapt to changing habitat conditions 
(Chmura et al. 2011, Dalton et al. 2013). 
In addition, decreases in vegetation density 
appears, not surprisingly, to be correlated 
to increased predation rates for both juve-

nile (Linnell et al. 1995, Aanes and Andersen 
1996, Canon and Bryant 1997) and adult 
(Jedrzejewska et al. 1994) ungulate species. 
Similarly, alterations to plant phenology (e.g., 
reproductive timing) and the availability of 
forage may result in the redistribution of 
ungulate species with potential reproductive 
consequences (see Shifting Geographic Distri-
butions section below). Deer and elk popula-
tions may also be affected if climate-related 
changes to habitat structure (e.g., increas-
ingly open forest canopy) result in increased 
wintertime and springtime exposure to pre-
cipitation (see sidebar), because wet condi-
tions may be associated with increased fawn 
mortality (Putman et al. 1996).

Mammals may also be affected by human-in-
duced changes. For example, the introduction 
of new roads may limit the ability of large 
mammals (e.g., bears) to adapt to climate-re-
lated changes by impeding their movements 
(Brody and Pelton 1989, Noss 2001). Similarly, 
high density roads in the winter range of deer 
and elk may reduce food availability for large 
predatory mammals (e.g., cougars) while 
simultaneously increasing the potential for 
mortality of all large mammals as a result of 
non-hunting conflicts with humans (ODFW 
2006). 
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Shifting Geographic Distributions

In Scandinavia, northern Canada, Colorado, 
Wyoming, and Montana, changes in wild 
ungulates’ distribution in response to climatic 
variability are well-documented (Post and 
Stenseth 1999, Post et al. 1997, Inouye et 
al. 2000, Romme and Turner 1991, Wang et 
al. 2002). As mentioned above, changes in 
ungulate behavior may reflect climate-related 
changes in the growth patterns and reproduc-
tive timing of key forage plant species (Post 

 

Changes in Precipitation Timing, 

Frequency and Intensity 

In the future, precipitation in coastal 

Oregon is expected to remain a 

predominately wintertime phenomenon 

(i.e., most precipitation will continue to 

occur in the winter). However, the extent 

to which precipitation timing, frequency 

and intensity on the Oregon coast may 

change remains uncertain. There is 

evidence that high-intensity storms are 

becoming more frequent, and that the 

frequency of weak to moderate-strength 

storms is declining. 

Sources: Sharp 2012, OCCRI 2010, OSU 
2005

 

Uncertainty in Predicting Local Effects of 

Climate Change

There is inherent uncertainty in predicting 

what the local effects of climate change are 

likely to be. The uncertainties generally fall 

into three categories: 1) Natural variability 

of the earth’s climate; 2) Climate sensitivity 

(how the earth’s climate system responds to 

increases in future greenhouse gas levels); 

and 3) Future greenhouse gas emissions. 

To manage for these uncertainties, climate 

scientists use multiple models (“multi-model 

ensembles”) that incorporate the estimated 

range of possible natural variability, 

climate sensitivity, and future greenhouse 

gas emission values when investigating 

climate-related change. The models typically 

generate a range of values for potential 

future air temperatures, ocean surface 

temperatures, sea level rise, etc., which 

naturally become increasingly variable the 

longer into the future the model is asked to 

predict. This approach gives communities 

a range of projections to consider when 

developing climate change vulnerability 

assessments and adaptation plans.

Sources: Sharp 2012, Hawkins and Sutton 
2009
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and Stenseth 1999, Romme and Turner 1991). 
For example, changes in ungulate forage may 
affect the herd density and overall fitness 
of elk populations in Oregon (ODFW 2008), 
which in turn affect elk herd fecundity (repro-
ductive success) since elk herd fecundity has 
been shown to be influenced by herd density 
(Stuart et al. 2005). 

Similar to ungulates, there is some evidence 
to suggest that the North American beaver 
populations (Castor canadensis) are also likely 
to shift their ranges in response to climate-re-
lated changes. Research from Canada shows 
that beaver density is highly variable in re-
sponse to increasing temperatures in south-
ern Québec (Jarema et al. 2009). 

Climate change may produce other import-
ant habitat modifications that could influ-
ence beaver population ranges in the Pacific 
Northwest. For example, some of the region’s 
coastal freshwater marshes and swamps are 
expected to become more saline due to the 
intrusion of seawater as sea level rise con-
tinues (Glick et al. 2007, Scavia et al. 2002). 
Although there is currently no research about 
the potential effects of sea level rise on 
beaver populations (and specifically popula-
tions in the Coos estuary), it’s possible that 
the slow conversion of freshwater to brackish 
habitats could result in the redistribution of 
beaver populations as key habitat features 
change (e.g., availability of food and materials 
for building structures). It should be noted 
that beavers currently inhabit brackish marsh-
es in South Slough and the Coos estuary, so 
the extent to which salt water intrusion will 

affect beaver distributions will need to be 
monitored.

Diseases and Parasites

In recent years, diseases and parasites (es-
pecially Deer Hair Loss Syndrome and Ade-
novirus Hemorrhagic Disease) have resulted 
in the decline of deer populations in western 
Oregon (ODFW 2008; S. Love pers. comm., 
April 29, 2015). Hoberg et al. (2008) explains 
that temperature increases associated with 
climate change have “a substantial influence 
on the spatial and temporal distribution of 
pathogens and the emergence of disease [in 
wild ungulates].” In Oregon, the range of dis-
eases and parasites, including the lice which 
contribute to Deer Hair Loss Syndrome, is 
likely to expand as climate change continues 
(ODFW 2008). However, the exact response of 
pathogens to climate change is likely to vary 
(Hoberg et al. 2008). 

Role of Beaver Structures in Climate Change 

A team of researchers in Colorado has re-
cently discovered the importance of active 
beaver colonies in carbon sequestration (see 
sidebar). Wohl et al. (2012) estimate that 
although environments closely associated 
with beaver activity (i.e., low-gradient, broad 
valley bottoms with floodplains dominated by 
sediment and coarse wood) represent only 
25% of mountain headwater habitats in Rocky 
Mountain National Park, they store about 
75% of the system’s total carbon. Since habi-
tat “manufactured” by beavers appears to be 
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an important carbon sink, it’s possible that 
beaver activity may help to mitigate the ef-
fects of climate change by preventing green-
house gases from entering the atmosphere 
and accelerating warming trends. However, 
beaver ponds are also sources of greenhouse 
gas emissions (carbon dioxide, methane and 
nitrous oxide gases)(Hauser 1999, Welsh 
2013). More research is needed to determine 
the extent to which beaver ponds are net 
sinks or sources of carbon.  

In-stream beaver structures trap and accumu-
late sediment, reduce stream velocities, and 
change the hydrologic characteristics of the 
surrounding environment (Butler and Malan-
son 2005). In some cases, beaver activity in 
the Coos estuary is known to promote the re-
cruitment of a few non-native (and potentially 
invasive) plant species, including velvet grass 
(Holcus lanatus), trefoil (Lotus corniculatus), 
and reed canary grass (Phalaris arundinacea)
(Cornu 2005). The failure of beaver dams and 
subsequent drainage of beaver ponds create 
unvegetated bare patches in marshes which 
invasive plants can colonize and ultimately 
dominate. If climate change results in condi-
tions that cause increased numbers of aban-
doned beaver dams, it’s possible the distri-
bution of invasive vegetation will increase in 
project area freshwater marshes. 

References

 

Carbon Sequestration in Coastal 

Estuaries

Vegetated tidal wetlands, including 

emergent marshes, forested and scrub-

shrub swamps, and seagrass beds, play 

an important role in the global carbon 

cycle by sequestering carbon dioxide 

from the atmosphere continuously over 

many growing seasons, building stores 

of carbon in wetland soils high in organic 

content. Thus, wetlands that store carbon 

mitigate carbon dioxide emissions into the 

atmosphere and moderate climate change. 

Source: Crooks et al. 2014
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Large Mammals in the 
Lower Coos Watershed 
Summary: 

 � The exact number of large mammals in 
the project area is unknown, but 

      statewide abundance trends are 
      apparent.

 � Local elk populations are likely
      stable and may even be increas-
      ing. They exceed management 
      objectives that are designed
      to protect elk while providing 
      quality hunting opportunities.

 � Disease and habitat loss are likely the 
drivers of declining deer populations 
across the state. 

 � Oregon’s cougar population has 
      recovered from near extinction 
      in the 1960s. 

Photos:
Cougar: ODFW
Bear: Brian Wolitski
Elk: Vickie Lewis 
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What’s happening?

This data summary focuses on population 
trends of large mammals within the project 
area, habitat immediately adjacent to the 
project area boundary (i.e., < 20 miles), and 
statewide. These species include Roosevelt 
elk (Cervus canadensis roosevelti), black-
tailed deer (Odocoileus hemionus columbi-
anus), black bear (Ursus americanus), and 
cougar (Puma concolor). Although other deer 
and elk species such as the Rocky Mountain 
Elk (Cervus canadensis nelsoni) and mule deer 
(Odocoileus hemionus) occur elsewhere in 
Oregon (e.g., central and eastern Oregon), 
they are not discussed extensively in this data 
summary. Where possible, data are present-
ed for each Game Management Unit (Figure 

2). However, due to the limitations of survey 
methods, data are often available only on a 
statewide scale (see Chapter Summary for 
data limitations). 

Elk and Deer

The Oregon Department of Fish and Wildlife 
(ODFW) conducts annual surveys of both elk 
and deer in the Game Management Units 
(GMUs or Units) across the state (Figure 2). 
The purpose of these surveys is to generate 
both herd composition and population trend 
data (see sidebar). 

Elk population estimates suggest that herds 
statewide appear to be stable and even 
increasing from the 1970s to 2001 (Figure 3)
(ODFW 2003a). More recent data indicate 
that this trend has continued since 1991 
(Figure 4)(Oregon Forest Resources Institute 
2013). Elk population trend data suggest that 
herds in proximity to the project area exceed 
(Sixes) or nearly meet (Tioga) their total pop-

Figure 2. Game Management Units in proximity to the project 
area (white). The project area contains part of both the Sixes 
(blue) and the Tioga (red) GMU. Data: ODFW 2010.

Figure 3. Statewide elk population trend (top) and post-hunting 
season bull elk ratio (bottom) from the mid-to-late 1970s to 
2001 show a general trend of increasing abundance. Figure 
modified from: ODFW 2003a.
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Figure 4. The historic (1970-2000) trend of stable or generally 
increasing elk populations statewide has continued in the most 
recent decade. Rocky Mountain elk (Cervus Canadensis nelsoni) 
is a distinct subspecies of elk that does not occur in the project 
area. Figure: Oregon Forest Resources Institute 2013. 

ulation management objectives (Figure 5). 
Herd composition data for both the Tioga and 
Sixes unit show that bull ratios have met their 
management objectives for over 20 years 
and suggest that local populations are likely 
increasing (Figure 6)(ODFW 2015b). It’s im-
portant to note the bull ratio data (Figure 6) 
are a much more reliable indicator of overall 
population trends than the data presented in 
Figure 5 (See Chapter Summary for data lim-
itations)(S. Love, pers. comm., April 29, 2015). 

 

Monitoring and Managing Deer and Elk 

Populations

As a supplement to total population 

estimates, wildlife managers collect herd 

composition data, which are used to assess 

the status and demographic trends in 

deer and elk populations. For example, 

demographic data are commonly used to 

calculate the “buck ratio” or “bull ratio” 

(i.e., ratio of males per 100 females) as 

well as the ratio of juveniles to females. 

These indicators are particularly useful 

to wildlife managers, because they can 

be used to estimate determinants of herd 

size, including the overwinter survival of 

juveniles and adult “escapement” (i.e., 

number of deer and elk surviving hunting 

season). A well-informed understanding 

of herd demographics helps wildlife 

managers maintain the proper mix of 

males to females, which allows for quality 

recreational opportunities while insuring 

that deer and elk populations reach their 

full reproductive potential. 

Sources: S. Love, pers. comm., April 29, 

2015; Bender 2006; ODFW 2008

Figure 5. Populations trend data (2002-2015) in the Tioga (red) 
and Sixes (blue) Units shown relative to the management ob-
jectives (dashed) for each GMU. Management Objectives vary 
by GMU, because hunting regulations are different in the Tioga 
Unit than they are in the Sixes Unit. Data: ODFW 2015b. 
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Black-tailed deer populations have declined 
across the state in recent decades. ODFW 
(2008) estimates that Oregon supported a 
population of approximately 452,000 black-
tailed deer statewide in 1979. Although 
Oregon’s black-tailed deer population varied 
between 4-500,000 deer from 1979-1989, 
researchers have documented a clearly de-
clining trend across Oregon throughout the 
1990s, resulting in statewide population esti-
mates as low as 320,000 deer in 2004 (ODFW 
2008). Despite a trend of general decline, it 
appears that some herds may be increasing in 

areas with adequate resource availability, and 
although the western Oregon deer population 
is still low, buck ratios met their 2013 bench-
marks in most GMUs (Oregon Forest Resourc-
es Institute 2013, ODFW 2014). ODFW (2014) 
reports that deer populations in Coos County 
“appear to be stable” with some indication 
that deer are becoming more abundant in 
parts of the Sixes and Tioga Units. Unlike elk 
(for which specific management objectives 
have been set), deer management is guided 
by more general “benchmarks” (S. Love, pers. 
comm., April 29, 2015). In both the Tioga 

Figure 7. Deer den-
sities (2004-2104) in 
the Tioga (red) and 
Sixes (blue) Units 
shown relative to the 
general management 
benchmark (dashed). 
Data are deer per 
linear mile. Data: 
ODFW 2015b. 

Figure 6. Bull ratio 
of elk populations 
(2004-2015) in the 
Tioga (red) and Sixes 
(blue) Units shown 
relative to the man-
agement objectives 
(dashed) for each 
GMU. Management 
Objectives vary by 
GMU, because hunt-
ing regulations differ 
between the two 
Units. Data: ODFW 
2015b 
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Figure 8. Oregon 
cougar population, 
as determined from 
simulation modeling 
and harvest, 1929-
1992. Cougars were 
bountied until 1961. 
The season was 
closed until 1970 
when limited hunting 
began. Caption and 
Figure: Keister and 
Van Dyke 2002 

Figure 9. Population 
modeling suggests 
that cougars are 
becoming more 
abundant in recent 
years (2005-2014). 
Currently, Oregon 
supports over 6,000 
cougars. Data: ODFW 
2015b 

and Sixes Unit, wildlife managers attempt to 
maintain an average density of approximately 
2 deer per linear mile in both the Tioga and 
Sixes Unit (Figure 7). 

Bears

Bear populations appear to be stable and 
even increasing throughout their range 
(ODFW 2012). Estimates indicate that the 
North American population of bears has in-
creased substantially over the last decade and 
is currently between 750,000-918,000 bears 
(Pelton 2000, Herrero et al. 2011, ODFW 
2012). Bears have also become increasing-

ly abundant in Oregon. Historic estimates 
suggest that Oregon supported approximately 
9,000 bears in the 1930s (Bailey 1936). By the 
1980s, the estimated size of the Oregon bear 
population had approximately doubled to 
reach 18,000 bears (ODFW 1987). This trend 
has continued in recent decades with the 
bear population reaching 25,000 in the 1990s 
and remaining between 25-35,000 statewide 
in the 2000s. (ODFW 1993, ODFW n.d.a.). Due 
to the limitations of survey methods, bear 
population estimates are not available for 
individual GMUs (see Chapter Summary for 
data limitations).
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Cougars

The historic range of cougars is one of the 
most extensive of any North American wildlife 
species (Nowak 1999). Despite their histor-
ic abundance, Oregon’s cougar population 
declined dramatically through the first half of 
the 20th century largely as a result of bounty 
hunting programs (see Why is it happening?). 
By 1960, an estimated population of only 200 
cougars remained statewide (ODFW 2006). 

Since the 1960s, cougar populations have 
recovered, expanding their range and be-
coming more abundant in Oregon (Keister 
and Van Dyke 2002, ODFW 2006)(Figure 8), 
a trend which has continued in recent years. 
Researchers estimate that Oregon current-
ly hosts a cougar population of over 6,000 
animals statewide (Figure 9)(ODFW 2015b, 
n.d.b.). Due to the limitations of survey meth-
ods, cougar population estimates are not 
available for individual GMUs (see Chapter 
Summary for data limitations). 

Why is it happening?

The abundance and distribution of large 
mammals is determined by the complex inter-
action of a number of factors, including pred-
ator-prey relationships, disease and parasites, 
human dimensions (i.e., both hunting and 
non-hunting factors such as livestock damage, 
human/pet safety, and vehicle collisions), and 
habitat availability. 

Predation

The population distribution and abundance 
of cougars, bears, deer, and elk are all direct-
ly related (Cougar Management Guidelines 
Working Group 2005, Neal et al. 1987, White 
et al. 2010, Yarkovich et al. 2011). Deer and 
elk populations are affected by predation 
from both cougars (Neal et al. 1987) and 
bears (White et al. 2010, Yarkovich et al. 
2011). Although cougars prey on a variety of 
species, it’s universally accepted that deer are 
their primary food staple even when other 
prey species (e.g., elk, pronghorn, and big 
horn sheep) are available (Ackerman et al. 
1984, Anderson 1983, Robinette et al. 1959, 
Cashman et al. 1992, Beier and Barrett 1993, 
Logan et al. 1996, ODFW 2006). The amount 
of prey consumed by a cougar depends on 
the characteristics of each animal, including 
the cougar’s sex, age, size, and reproductive 
status, as well as weather conditions and 
competition/scavenging by other species 
(e.g., bears, birds, and coyotes)(Iriarte et al. 
1990, ODFW 2006). 

High cougar predation rates reduce the size of 
deer and elk populations. Sustained predation 
of small deer populations may jeopardize 
their ability to persist, particularly when high 
predation rates overlap with other stressors 
(e.g., harsh winter conditions or habitat loss)
(Neal et al. 1987). In addition to cougar pre-
dation, deer fawns are consumed by coyotes 
(Canis latrans), bobcats (Lynx rufus), and bear 
(Pamplin 2003). In rare cases, deer have also 
been killed by domestic dogs (ODFW 2008).
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Diseases and Parasites

Oregon deer and elk populations are vulner-
able to a number of diseases and parasites, 
including Deer Hair Loss Syndrome (DHLS), 
Adenovirus Hemorrhagic Disease (AHD), and 
Chronic Wasting Disease (CWD)(see sidebar). 
DHLS appears to occur in deer throughout 
western Oregon and the prevalence of DHLS 
varies widely (from 2-46% of deer sampled) 
by GMU (ODFW 2006). Recent data show 
that DHLS is currently affecting deer in both 
the Tioga Unit (27% of deer sampled) and 
Sixes Unit (12% of deer sampled)(ODFW 
2015b). From 2003-2005 alone, ODFW (2006) 
documented 153 AHD-positive deer and 2 
AHD-positive elk occurring in 21 GMUs across 
the state, including the Tioga Unit (Figure 
10). CWD has been prevalent in Colorado and 
Wyoming since the 1990s, but it has not been 
documented in Oregon; wildlife managers 
continue monitoring deer and elk populations 
across the state for the presence of CWD 
(ODFW 2008; S. Love, pers. comm., April 29, 
2015). 

Bears are exposed to a number of pathogens, 
including bacterial (brucellosis, plague, Salm-
on Poisoning Disease), viral (infectious canine 
hepatitis, parvovirus), fungal, and parasitic 
diseases (Trichinella, Giardia, tapeworms, and 
ectoparasites such as ticks and fleas)(Sam-
uel et al. 2001, ODFW 2012). ODFW (2012) 
reports that parasites are the most commonly 
observed pathogens in Oregon bears. They 
add that, “while there is no evidence to 
suggest that parasites are a significant cause 
of mortality in bears… [some parasites found 
in bears] may present a public health risk for 

 

Diseases in Black-tailed Deer

Deer Hair Loss Syndrome (DHLS) results 

from an abnormally heavy infestation 

of parasitic lice. First documented in 

Washington in 1996, the disease has since 

moved south, affecting deer populations in 

western Oregon and northern California. 

DHLS produces hair discoloration, hair loss, 

weight loss, diarrhea, and lethargy; it can 

result in death, primarily from exposure. 

Although the louse has been detected on 

elk in southwestern Oregon, DHLS has not 

affected them. 

Adenovirus Hemorrhagic Disease (AHD) is 

a viral infection causing rapid breathing, 

foaming at the mouth, diarrhea, 

weakness, ulcers, and ultimately death. 

First identified in California in 1994, the 

disease was first documented in SW 

Oregon in 2001.

Chronic Wasting Disease (CWD), present 

in Colorado and Wyoming for over 20 

years, is a neurological disease that 

produces brain lesions in both deer and 

elk. Although no cases of CWD have been 

documented in Oregon, ODFW has been 

testing for the disease since 1996. 

Sources: ODFW 2003b, 2008; S. Love, pers. 

comm., April 29, 2015 
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Figure 11. Deer har-
vest (solid) and hunt-
ing effort (dashed) 
in both the Tioga 
(blue) and Sixes (red) 
GMUs. Data: ODFW 
2011.

humans.” Salmon Poisoning Disease (SPD) 
is specific to bears in the Pacific Northwest. 
SPD is caused by a bacterium (Nanophyetus 
salmincola), which is carried by salmonids 
and can be transferred to bears upon con-
sumption of an infected fish (ODFW 2012). 
Symptoms of SPD in bears includes lethargy, 
diarrhea, and anorexia (Rogers and Rogers 
1976, Foreyt 2001). SPD may be fatal to bears, 
but there is no evidence to suggest that it 
poses a risk to humans (ODFW 2012). 

Relatively little is known about diseases, par-
asites, and other pathogens in wild cougars. 

Many pathogens that are found in domes-
tic cats may also be found in cougars, and 
there are rare, isolated instances of diseases 
appearing in Oregon cougars (ODFW 2006). 
Although several parasites have been docu-
mented in cougars throughout the northwest, 
ultimately very little is known about the effect 
of parasites in Oregon cougars (ODFW 2006).

Human Dimensions: Hunting 

From 2003-2011, the deer hunting effort in 
the Tioga Unit has been sustained at high lev-
els while deer harvest has decreased. During 
the same time period, hunting effort and 
harvest in the Sixes Unit has been consistent 
but at levels below those reported in the Tio-
ga Unit. Figure 11 summarizes deer harvest 
and hunting effort for the two GMUs in the 
project area. Although local deer populations 
are affected by hunting, ODFW (2008) does 
not believe that deer harvest is a significant 
contributing factor to the decline of deer in 
Oregon. Rather, they attribute this decline 
primarily to habitat and disease issues, which 
are discussed in detail elsewhere in this data 

Figure 10. Location of serologically positive AHD samples 
collected from deer, elk, and captive reindeer in Oregon (2003-
2005. Caption and Figure: ODFW 2006 
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summary (See Why is it happening?: Diseases 
and Parasites as well as Why is it happening?: 
Habitat). 

Bear harvest in Oregon has increased steadily 
since the mid-1980s, with the exception of a 
sharp decline in 1994 when the use of dogs 
or bait for bear hunting was prohibited by law 
(Figure 12)(ODFW 2012). Hunting pressure 
on bears has also increased steadily over 

the past decades, with the total number of 
hunters increasing substantially while average 
effort per hunter (approximately 5-6 hunting 
days) has remained relatively unchanged from 
1995 levels (ODFW 2012). 

Cougar harvest for sport has been permitted 
under carefully regulated conditions since 
1970 (Keister and Van Dyke 2002). Although 
some hunters specifically target cougars, 

Figure 12. Bear 
harvest (blue) and 
hunting effort (red) 
in Oregon (1986-
2010). Data: ODFW 
2012

Figure 13. Cougar harvest (blue) and hunting effort (red) in Oregon (1976-2003). Generally, harvest has 
increased steadily since 1976 with the exception of a precipitous decline in 1994 following the prohibition 
of the use of dogs as cougar hunting aids in Oregon. Hunting participation ranged between approximately 
20-30 hunters in the late-70s and early-80s. From 1986-1997, participation increased to approximately 
150-200 hunters annually. The sharp increase in hunter participation beginning in the late 1990s likely re-
flects the availability of cougar tags, which increased dramatically during this same time. Data: ODFW 2006
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Figure 14. Heat map of Oregon Department of Transportation 
reported deer death (2007-2013) showing deer collision “hot 
spots” in Oregon. The size of the red dot indicates the number 
of reported deer fatalities, with large dots corresponding to 
more deer deaths. The most reported collisions in proximity to 
the project area during these years have occurred on highway 
OR-42. These data include only Oregon state highways and U.S. 
interstates. They are likely to underestimate the total number 
of deer mortalities from collisions, because many collisions 
with deer go unreported. Similarly, deer may not die immedi-
ately after collision in many cases. Data: ODOT 2014

prohibits knowingly placing food, garbage, 
or other attractants for bears. Human safety 
conflicts with bears are rare, and are typically 
related to bears that have been conditioned 
to human presence or human food sources 
(Herrero and Fleck 1990). ODFW (2012) be-
gan recording human safety conflicts involv-
ing bears in the 1980s. Since that time, they 
have recorded only 4 such conflicts statewide 
(none of which have resulted in human fatali-
ties). However, the most recent of these con-
flicts occurred near Coos Bay in 2009, when a 
hunter approached a bear that was believed 
to be dead. The hunter survived with only a 
bite on the leg (ODFW 2012). Most conflicts 
are resolved by wildlife managers without 
the use of lethal force. Nevertheless, in rare 
circumstances, ODFW will euthanize bears 
that are in poor physical condition, have been 

most cougars are harvested by hunters 
(holding cougar tags) who encounter cougars 
by chance while hunting for other species 
(ODFW 2006). In western Oregon, cougar har-
vest has increased steadily over the past few 
decades coupled with substantial increases in 
hunting pressure beginning in the late 1990s 
(Figure 13). Due to their high reproductive po-
tential and rapid growth, cougars are resilient 
to hunting pressure, especially if the harvest 
of adult females is carefully regulated (Ander-
son and Lindzey 2005, ODFW 2006).

The illegal harvest of large mammals is an 
on-going management concern in the state of 
Oregon. Unfortunately, the effects of poach-
ing on deer, elk, bear, and cougar populations 
is difficult to determine, because the exact 
size of the illegal harvest is unknown. 

Human Dimensions: Non-hunting 

Although the exact amount of deer mortal-
ity from vehicle collisions in Oregon is un-
known, it appears to be substantial in areas 
of western Oregon (Figure 14). For example, 
ODFW (2006) explains that 1,036 deer were 
removed from state highways and country 
roads in Jackson and Josephine Counties in 
2005 alone. By comparison, they report that 
approximately 3,400 deer were harvested by 
hunters in these counties in the same year. 

Most non-hunting conflicts between humans 
and bears in Oregon occur in rural and urban 
residential areas as well as recreational areas 
such as campgrounds. These encounters 
commonly occur in western Oregon and fre-
quently involve food (ODFW 2012). To avoid 
these conflicts, Oregon law (ORS 469.731) 
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habituated to human food, or cannot be cap-
tured safely (ODFW 2012). Increases in the 
frequency of bear conflicts may be related to 
management decisions (e.g., the prohibition 
of dogs as a bear hunting aid) or other factors 
(e.g., unseasonably cool and wet weather 
that can limit food availability)(ODFW 2012). 

Historically, cougars were viewed as a direct 
predatory threat to the livestock industry and 
were harvested through bounty programs 
without regulation until the 1960s (Figures 15 
and 16)(ODFW 2006). This practice resulted 
in dangerously low cougar numbers, which 
warranted legal protection by 1967 Oregon 
Legislature (Keister and Van Dyke 2002). 

A 2002 public opinion poll of Oregonians 
in six southwest counties, including Coos 
County, shows that the traditional percep-
tion of cougars as a prominent predatory 
threat in Oregon has not changed. Although 
64% of respondents agreed that “occasional 
contact with cougars should be accepted as 
part of living in the Pacific Northwest,” most 
Oregonians (75%) feel that they should have 
the right to kill a cougar they perceive as a 
threat “no matter what the government says” 
(Chinitz 2002). In recent years, non-hunting 
cougar mortalities have shown an increasing 
trend in Oregon (Figure 17). ODFW (2006) 
estimates that from 1987-1994 there were 
186 cougar mortalities (23 mortalities/year) 
from livestock damage and human/pet safety 
alone. From 1995-2003, this number in-
creased to 1,046 cougar mortalities (116 mor-
talities/year). In 2003, non-hunting mortality 
represented a substantial share (approximate-
ly 30-65%) of total annual cougar mortality 
statewide. 

Habitat

Deer and elk rely on young forest habitats and 
commercial tree plantations as an important 
foraging resource (Figure 18)(Oregon Forest 
Resources Institute 2013, USDA n.d., ODFW 
2006). The Oregon Forest Resources Institute 
(2013) explains that the passage of the North-
west Forest Plan (see sidebar) resulted in so-
cial, political, and legal mandates that limited 
harvest of late successional forests, but have 
also resulted in less early successional hab-
itat on public lands. To reduce competition 
between conifer seedlings and other plants 
(e.g., grasses, forbs, and shrubs), managers 

Figure 15. Number of cougars bountied annually in Oregon 
(1928-1961) Data and Caption: ODFW 2006

Figure 16. Cougar bounty hunters in British Columbia in the 
early 20th century. Cecil Smith (left) enjoyed some notoriety 
for his effectiveness as a cougar bounty hunter. Figure: KnowBC 
n.d.
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commonly apply herbicides to reforested ar-
eas for the first two years after timber harvest 
(Oregon Forest Resources Institute 2013). 
These practices may limit the suitability of 
deer, elk and bear foraging habitat in SW Ore-
gon (S. Love, pers. comm., April 29, 2015; M. 
Vander Heyden, pers. comm., June 1, 2015), 
but the exact effects of these policies is under 
debate (OFRI 2013). 

Forest management activities that adversely 
affect deer and elk may also affect cougar 

populations. Management practices that 
increase forage for prey species will also 
likely benefit cougars (ODFW 2006). Human 
development can affect cougars by increasing 
the potential for non-hunting conflicts and 
introducing high density roads in the winter 
range of deer and elk that may reduce prey 
availability (ODFW 2006). However, cougars 
are highly resilient to human disturbance (An-
derson and Lindzey 2005, ODFW 2006). 

Background

Only the Columbian black-tailed deer and 
Roosevelt elk occur within the project area 
(Figure 19). Oregon supports two additional 
deer species and one additional elk spe-
cies. These are the mule deer (Odocoileus 
hemionus), white-tailed deer(Odocoileus 
virginianus), and Rocky Mountain elk (Cervus 
canadensis nelsoni). In addition, two sub-
species of mule deer also occur in Oregon, 
including the Rocky Mountain mule deer 
(Odocoileus hemionus hemious) and the Co-
lumbian black-tailed deer (Odocileus hemio-
nus columbianus). 

Figure 17. Non-hunt-
ing cougar mortality 
has been increasing 
statewide since the 
late 1980s, with the 
large majority of 
non-hunting mor-
tality resulting from 
livestock damage. 
Data: ODFW 2006.

Figure 18. Deer and elk commonly browse planted seedlings 
in recently-reforested commercial tree plantations. Photo: 
Oregon Forest Research Institute 2013.
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Northwest Forest Plan 

In the late 1980s and early 1990s, a series 

of lawsuits effectively halted timber harvest 

in the Pacific Northwest. In response to 

this environmental crisis, President Clinton 

enacted the Forest Plan for a Sustainable 

Economy and Sustainable Environment, 

which mandated federal land managers 

and regulatory agencies to work together 

in developing a plan to resolve this conflict. 

This legislation brought sweeping changes 

to the management of forest in Oregon, 

Washington, and California and has since 

become known as the “Northwest Forest 

Plan” (NWFP). 

Initially, the NWFP was intended to protect 

critical habitat within the range of the 

northern spotted owl (Strix occidentalis 

caurina). However, since its passage, 

the framework has been adapted to 

accommodate regional interagency 

monitoring of several additional resources, 

including federal-tribal relationships and the 

status and trends of watershed conditions, 

old-growth forests, socioeconomic 

conditions, and population and habitat for 

marbled murrelet. 

Sources: USFWS 1997, Charnley et al. 2008, 

REO n.d., Raphael et al. 2011

Deer and elk are herbivores, and rely on 
young forests for foraging habitat (Oregon 
Forest Resources Institute 2013, USDA n.d., 
ODFW 2006). However, unlike elk, which are 
able to process large volumes of poor qual-
ity forage, deer require high quality forage 
provided by plants that are actively growing 
(ODFW 2008). Although adult female and ju-
venile elk form herds, males (or “bulls”) tend 
of be solitary most of the year (ODFW n.d.b.). 
Adult male deer (or “bucks”) are also solitary, 
but, unlike elk, deer bucks do not herd groups 
of females during breeding (Link 2004).

The black bear is the only bear species in 
Oregon. Black bears occur in a wide range 
of habitats throughout Oregon, and are 
abundant in western Oregon, particularly in 
forests that combine understory vegetation 
food resources with concealment and escape 
cover (Figure 20)(Vander Heyden and Meslow 
1999, ODFW 2012). Bears are omnivores that 
eat a variety of plants and animals, including 
berries, acorns, skunk cabbage, and other 
herbaceous plants as well as deer fawns, elk 

Figure 19. Range map showing the extent of black-tailed deer 
in Oregon. Although the range of Roosevelt elk in Oregon is 
not mapped, it corresponds to roughly the same area. Figure: 
ODFW 2008.
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calves, carrion and insects (ODFW 2012; M. 
Vander Heyden, pers. comm., June 1, 2015). 
Although black bears hibernate from late fall 
to early spring, hibernation may not occur in 
the southern portion of their range, especially 
in coastal areas that have mild winter con-
ditions (Hellgren and Vaughan 1989, Graber 
1990, Hellgren et al. 1997). 

Cougars occur throughout western Oregon 
and into parts of eastern Oregon, where their 
range is largely limited to the Ochoco, Blue, 
and Wallowa mountains (ODFW n.d.b.). The 
greatest cougar densities appear to be in 
the southwest and northeast portions of the 
state where deer and elk are also abundant 
(Figure 21)(ODFW 2006). Cougars are obligate 
carnivores that eat a variety of prey species 
but show clear preference for deer and elk 
(ODFW 2006). They are generally solitary an-

imals active at all times of day and night and 
use caves as retreats (ODFW n.d.b.). 

Surveying Large Mammals

Estimating the population of deer, elk, bears, 
and cougars is difficult due to the secretive 
life histories of these animals and the dense 
cover they inhabit (ODFW 2006, 2008). Con-
sequently, wildlife managers commonly rely 
on alternatives to actual population counts 
(e.g., buck or bull ratios, damage reports, 
mark-recapture, etc.) to assess large mammal 
populations (ODFW 2008). These alternative 
metrics are used to inform management deci-
sions, because, in many cases, they are more 
reliable than total population counts (S. Love, 
pers. comm., April 29, 2015). 

Figure 20. Bear Dis-
tribution in Oregon 
Figure: ODFW 2012.
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For deer and elk, population data are gath-
ered using a variety of methods, including 
spotlighting or ground surveying, pellet group 
survey (i.e., collection of droppings along 
a transect), or aerial surveys (Bender n.d.). 
ODFW surveys for bears using a mark-recap-
ture method in which bears ingest bacon 
baits that contain a benign “biomarker” that 
stains bear teeth. Since bear teeth grow con-
tinuously, putting on a new annular ring each 
year much like a tree does, biologists are able 
to “back-calculate” the date of biomarker 
consumption from teeth collected from har-
vested bears (Figure 22)(S. Love, pers. comm., 
April 29, 2015). However, due to the time 

it takes to harvest bears and process these 
data, bear population estimates lag by 2 years 
(S. Love, pers. comm., April 29, 2015). Similar 
to deer and elk, cougars surveys make use of 
scat collection data (ODFW 2015a) 

Figure 21. Approximate density of cougar populations in Ore-
gon as shown by cougar mortalities (hunting and non-hunting) 
between 1987-1994 (top) and 1995-2003 (bottom). Figure: 
ODFW 2006

Figure 22. Biomarkers leave a stain on bears’ tooth, which 
fluoresces under a special light. Using a microscope, biologists 
are able to determine the age of a bear at the time it consumes 
the biomarker and calculate the year the bait was ingested. 
The bright florescent annular ring in the example above 
indicates that a biomarker was consumed 3 years prior to 
harvest. A second florescent ring (unmarked in yr. 6) shows the 
consumption of an additional marker the year before harvest. 
Although bears may consume multiple biomarkers throughout 
their lifetime, it is unlikely that they will consume more than 
one annually due to the large distance between baits. 
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Small Mammals in the 
Lower Coos Watershed 
Summary: 

 � No reliable estimate of beaver 
populations within the lower Coos 
watershed exists. 

 � Some researchers indicate beaver 
populations statewide are healthy, 
while others suggest beavers are 
declining in parts of Oregon. 

 � Raccoons are abundant and 
important terrestrial predators in 
intertidal habitats. However, little is 
known about the status and trends of 
raccoon populations in the lower Coos 
watershed.

What’s happening?

This data summary describes the status and 
trends of small mammals found in the low-
er Coos watershed (project area) for which 
data are available. Unfortunately, this short 
list includes only American beavers (Castor 
canadensis) and raccoons (Procyon lotor), and 

the available information is not specific to the 
project area. (For a discussion of other mam-
mals found in the project area, see the Large 
Mammals data summary in this chapter.)

American Beaver (Castor canadensis)

Because information about the ecology, 
movements, and dispersal of the American 
beaver is lacking, it’s not surprising that the 
overall status of beavers is relatively uncon-
firmed (Hiller 2011). Some researchers indi-
cate that beavers are generally “doing well” 
in Oregon (Hiller 2011, Oregon Conservation 
Strategy 2011). Others estimate that beavers 

Photos:
Raccoon: Jim 
Cruce 
Beaver: Gigner 
Holser
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have declined in parts of the state (especially 
in southeastern Oregon)(ODFW 2006, Nord-
holm and Miller 2008).

From 1998-2003, the Oregon Department of 
Fish and Wildlife recorded beaver pool pres-
ence in salmon bearing streams of coastal 
Oregon (ODFW 2004)(Figure 1). Their data 
averaged over five years indicate that beavers 
inhabited approximately 17% of all salmon 
bearing streams in the Oregon Coast Coho 
Evolutionarily Significant Unit (ESU), with 
more beaver pools occurring in streams on 
the north coast (22%) and mid-coast (20%) 
than in either the Umpqua (4%) or mid-
south coast (15%) Gene Conservation Groups 

(CGCs)(Figure 1). No abundance trend over 
time is immediately apparent from these data 
(Figure 2). It should be noted that these data 
clearly understate beaver presence in the 
lower watershed, because only pools occur-
ring in salmon bearing streams were counted 
as part of the ODFW survey effort. In addi-
tion, comparisons between watersheds may 
be misleading due to differences in habitat/
topography that influence beaver population 
numbers, distribution, and behavior.

What little information we have about 
beavers in the lower Coos watershed comes 
from the South Slough Subsystem. Nordholm 
and Miller (2008) conducted a survey to 
“document the distribution of beaver activity 
and quantify beaver pool habitat” in South 
Slough’s Winchester Creek drainage. Their 
data reveal that numerous beaver dams occur 
in clusters in all tributaries of Winchester 
Creek (Figure 3 and Table 1). They add that 
“the presence of beaver-dammed pool hab-
itat… provides a significant portion of total 
fish habitat in some reaches [of Winchester 
Creek]” (see Background)(Nordholm and 
Miller 2008). 

In addition to mapping beaver dam locations 
and measuring the extent of beaver-dammed 
pool habitat, Nordholm and Miller were also 
able to compare their data with information 
from previously conducted surveys to esti-
mate how the distribution of beaver dams on 
Winchester Creek has changed from 1999-
2008. They concluded that the number of 
large perennial dams in the upper headwaters 
of the Middle fork has increased, while com-
position of dams on the West Fork has shifted 

Figure 1. ODFW (2004) beaver pool data come from Coho salm-
on stream surveys, which occur along the coast within a series 
of “Gene Conservation Groups” (GCG). The Coos watershed 
is within in the Mid-South GCG. Collectively, the Mid-South, 
Umpqua, Mid-Coast, and North-Coast GCGs make up the Ore-
gon Coast Coho “Evolutionarily Significant Unit” (ESU). Graphic: 
Constable and Suring 2013
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Table 1. Summary 
statistics describing 
beaver presence 
in South Slough’s 
Winchester Creek 
Data and Figure: 
Nordholm and 
Miller 2008

Figure 2. Beaver presence in salmon bearing streams on coastal Oregon as indicated by percent of salmon bearing streams 
containing beaver pools. The Coos estuary is located in the Mid-South CGC (blue). Data from this region are compared with three 
other coastal Oregon CGCs (green) as well as the Oregon Coast ESU (red). The Oregon Coast ESU is comprised of all four coastal 
CGCs, including the Mid-South CGC. Data: ODFW 2004

Figure 3. Location of beaver dams (pale yellow) 
on Winchester Creek in the South Slough Subsys-
tem. The survey revealed 140 dams distributed 
in clusters and occurring in each tributary of the 
creek. Data and Figure: Nordholm and Miller 
2008
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to include fewer perennial dams and a great-
er number of smaller, ephemeral dams. In 
fall 2004, several large west fork Winchester 
Creek beaver dams were breached by ODFW 
during an extended period of low flows to 
accommodate returning Coho salmon adults; 
with such low stream levels, the dams cre-
ated uncrossable barriers, and the salmon 
only have one reach in the Winchester Creek 
system within which to spawn.

In 2010, Cramer attempted to estimate the 
population of beavers in the Anderson Creek 
drainage of the South Slough Subsystem using 
the “Rowcliffe Method” of bait and camera 
traps (Cramer 2010, Rowcliffe et al. 2008). 
Although these methods have been used 
successfully to assess wildlife populations in 
the past (Henchel and Ray 2003, Karanath 
and Nichols 1998), they did not generate 
enough data to estimate beaver populations 
in Anderson Creek. Cramer concludes that 
without “extreme modification” the Rowcliffe 
Method is “not a valid technique for estimat-
ing a beaver population.”

Fisheries biologists and land managers have 
great interest in beaver ponds and pools and 
their associated influences on the surround-
ing habitat. These beaver-mediated habitats 
are discussed in the Background section of 
this data summary and in Chapter 11: Stream 
Habitat, Chapter 12: Vegetation, and Chapter 
13: Fish. 

Raccoon (Procyon lotor)

There are no data currently available that 
characterize raccoon populations in the 

project area. Through anecdotal observations, 
wildlife managers know that raccoons are 
locally abundant and that they are likely im-
portant predators in intertidal habitats within 
the lower Coos estuary. Research shows that 
raccoons forage in tidal wetlands (mudflats, 
marshes) for a variety of prey species, in-
cluding crabs, oysters, clams, and segment-
ed worms (Tyson 1950, Ivey 1948, Warrick 
and Wilcox 1981, Arbuckle 1982)(Figure 4). 
By studying intertidal animal communities, 
researchers have shown how predators 
influence the distribution and density of prey 
species, as well as the competitive interac-
tions among intertidal organisms (Paine 1966, 
1969; Peterson 1982; Summerson and Peter-
son 1984). Raccoons, as intertidal predators, 
likely influence the intertidal animal com-
munities with which they interact, and yet 
raccoon populations are still not well studied. 

The information we do have about raccoons 
on Coos estuary tidal flats is based on an 
observational behavior study of raccoons in 
coastal habitats. Not surprisingly, Davidson 
(1990) concluded that local raccoons forage 
on a variety of intertidal organisms, includ-

Figure 4. A juvenile raccoon foraging in an intertidal environ-
ment in British Columbia. Photo: CBParker, avatarlogs.com 
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Figure 5. Range map showing the extent of North Amer-
ican beaver habitat (purple) in Oregon. Figure: Csuti et 
al. 1997

ing crabs, sea urchins, bivalves (i.e., clams, 
oysters, and mussels), as well as fruits, in-
sects, and small fish. She adds that, although 
raccoons appear to be accustomed to human 
disturbance (e.g., spotlighting), their behavior 
is a function of their environment. Most nota-
bly, raccoons on tide flats near human devel-
opment (e.g., Glasgow) tend to be nocturnal 
foragers, while raccoons in low-development 
areas (e.g., South Slough Subsystem) extend 
their foraging period into the daylight hours. 

Why is it happening?

The effectiveness of beaver survey methods 
limits our ability to generate a reliable popu-
lation estimate for the project area. Although 
traditional methods (i.e., live trapping) are 
somewhat reliable, they are costly and labor 
intensive (Swafford et al. 2003, Cramer 2010). 
The efficacy of other monitoring methods 
(e.g., camera trapping and visual inspection 
of food caches, scent mounds, or cuttings) is 
questionable at best (Swafford et al. 2003, 
Baker and Cade 1995, Cramer 2010). 

The use of computer modeling to predict 
the distribution of European beavers (Cas-
tor fiber) has been somewhat successful in 
Austria (Maringer and Slotta-Bachmayr 2006). 
However, a number of factors (e.g., habitat 
abundance and behavioral diversity) may limit 
the ability to apply these models to American 
beaver populations in Pacific Northwest estu-
aries (Cramer 2010). 

 

A more complete understanding of the be-
havior of beavers in the Pacific Northwest in 
also lacking. Cramer (2010) explains that most 
beaver research focuses on northern latitudes 
(e.g., northern Canada), where climate-de-
pendent behaviors such as lodge building 
are common. She adds that, although beaver 
behavior on the Pacific Northwest coast is 
distinct from individuals in northern Canada, 
relatively little research has been completed 
on beavers in these habitats. 

Raccoons are “opportunistic feeders,” mean-
ing their diets are highly variable with pref-
erence given to food sources that are most 
easily accessible (Kaufmann 1982). Davidson 
(1990) has documented this behavior in the 
Coos estuary by demonstrating a statistically 
significant (P < 0.01) preference for large (> 
30mm) soft-shelled clams (Mya arenaria) 
taken from the highest zone of the intertidal 
flats. She hypothesizes that these clams are 
most readily available, because the higher 
elevation mudflats are devoid of seagrass-
es, which act as an impediment to raccoon 
foraging. 
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Background 

The American beaver is the largest rodent 
in North America, and although beavers are 
most closely associated with mountain and 
coastal forest habitat, they occur extensively 
throughout Oregon anywhere were there is 
permanent water (Figure 5)(Csuti et al. 1997, 
ODFW n.d.). Beavers are often associated 
with their characteristic incisor teeth, which 
grow continuously and must be maintained 
by tree cutting and feeding on the outer bark 
of trees as well as grasses, forbs, and aquatic 
vegetation (ODFW n.d., Cramer 2010). Due 
to the high value and cultural significance of 
their pelts in the Pacific Northwest, beaver 
harvesting was historically common (see 
sidebar).

Beavers are considered “ecosystem engi-
neers,” because they effectively “manufac-
ture” habitat by impounding (damming) 
water using immediately available materials, 
including wood, stones, mud, and plant parts 
(Jones et al. 1996, Wright et al. 2002, Lawton 

 

Beaver Harvest in the Pacific Northwest

The unregulated trapping of beavers in 

the Pacific Northwest began in response 

to European market demands as early 

as the 16th century. With the exception 

of settlement on the east coast of North 

America, these trapping efforts predate 

all other Euro-American activities. The 

heavy beaver harvest led to a substantial 

reduction in beaver numbers over time. 

Researchers estimate the population of 

American beavers dropped from 60-400 

million in the early 1600’s to only 6-12 

million by 1980. 

Beaver trapping in Oregon was regulated 

as early as 1893, when trapping beavers 

was prohibited in eastern Oregon’s 

Baker and Malheur Counties. Since then, 

beaver harvest regulations have changed 

intermittently, with periods of both 

stringent and liberal regulation throughout 

the 20th century. Beaver harvest is 

currently permitted in Coos County, but is 

subject to a number of regulations, which 

are outlined by Oregon Department of 

Fish and Widlife’s Furbearer Trapping and 

Hunting Regulations. 

Source: Phillips 1961; Cronon 1983; 
Warren 1927; Naiman et al. 1986, 1988; 
Hiller 2011. 

Figure 6. A beaver 
dam on Cox Creek 
in the South Slough 
Subsystem illus-
trates the beaver’s 
ability to use a 
variety of materials 
to impound water.
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and Jones 1995, Cramer 2010, ODFW n.d.)
(Figure 6). Beaver dams change the hydrology 
of the streams in which they live, often creat-
ing deep pools that provide protection from 
predators as well as easy access to both food 
resources and entrances to their dens (Cram-
er 2010, ODFW n.d.)(Figure 7).

Due to their tendency to modify the hydrol-
ogy of the landscape around them (Fouty 
2003), beavers have been the source of some 
controversy. The construction of beavers 
dams in sensitive areas (e.g., agricultural land, 
urban development, and near important in-
frastructure) can compromise the integrity of 
culverts, roads, septic systems, and other in-
frastructure, as well as impede the productive 
use of land (Cramer 2010, ODFW n.d.). But 
landowners may also benefit from beaver ac-
tivity, which can reduce channel scouring and 
bank erosion, promote vegetation that helps 
bank stabilization, improve water quality by 
trapping silt and removing toxic chemicals, 
and create a number of recreational and aes-
thetic values associated with wetland areas 
(ODFW n.d., Needham and Morzillo 2011). 

In 2011, ODFW conducted a survey to as-
sess public opinion about beaver activity 
on private land across the state (Needham 
and Morzillo 2011). Of the 411 respondents 
in coastal Oregon, about one third (30%) of 
landowners indicated that they have expe-
rienced impacts (i.e., damage to their prop-
erty or neighboring properties) from beaver 
activity on their land. Despite these damages, 
very few landowners (20% in coastal Oregon) 
felt that beavers are a nuisance, most (62%) 
agreed that “beaver populations should 
be left alone,” and a strong majority (85%) 
believed that “beavers are a sign of a healthy 
environment” (Table 2). 

The practice of relocating beavers from sensi-
tive areas to more suitable habitat was public-
ly adopted in Oregon as early as 1932 (Hiller 
2011). More recently, management agencies 
have begun purposefully relocating beavers 
to improve habitat quality for the federally 
listed coastal Coho salmon (Orcorhynchus 
kisutch). Research has documented juvenile 
Coho using beaver ponds in the South Slough 
Subsystem as overwintering habitat (Mill-
er and Sadro 2003), and many believe that 
beaver activity may improve fish production 
while promoting overall habitat complexity 
(Leidhold-Bruner et al. 1992, Snodgrass and 
Meffe 1998, Collen and Gibson 2001, Kemp 
et al. 2012, Hiller 2011, Cramer 2010, Duke 
1982).

Despite encouraging prospects, there is some 
evidence to suggest that the relocation of 
beavers for salmon habitat enhancement may 
not be an effective strategy, because it may 
result in low beaver survival and limited sal-

Figure 7. Beavers often construct occupy dens, which are often 
dug into the side of a stream bank and provide access to habi-
tat via an underwater opening. Dens provide shelter and serve 
as a nursery for their young. Figure: ODFW n.d.
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Figure 8. Range map showing the extent of raccoon habi-
tat (purple) in Oregon. Figure: Csuti et al. 1997.

monid habitat development (dam production 
tended to be limited and ephemeral)(Petro et 
al. 2015, Rodgers et al. 1987). 

Raccoons are versatile omnivores, meaning 
that they live in a broad range of habitats and 
have diverse diet preferences including both 
plants and animals (Csuti et al. 1997, Audu-
bon n.d.). Raccoons occur almost ubiquitously 
throughout western Oregon and into the 
eastern half of the state as well, where they 

Table 2. Oregon landowners’ opinions about American beavers. Columns indicate percentage of respondents that agreed or 
strongly agreed with the corresponding statements. Sample size is 1,512 respondents statewide with responses categorized by 
region: East (432 responses), Coast (411), Portland (302), Southwest (367). Figure: Needham and Morzillo 2011
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are restricted to canyons and river basins that 
hold permanent water (Figure 8)(Csuti et al. 
1997). Raccoons are well adapted to live in 
urban and suburban habitats, where a lack of 
predators and access to reliable food sourc-
es (e.g., trash cans, compost bins, pet food 
bowls) allow raccoons to proliferate (Audu-
bon n.d.).
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Chapter 18: Invasive and 
Non-native Species in the 
Lower Coos Watershed

Vegetation:  The lower Coos watershed 
supports many invasive plants such as 
European beachgrass which has significantly 
altered the Lower Bay subsystem. 

Vertebrates: Evidence indicates the local 
presence of large populations of invasive 
nutria, and small declining populations of 
non-native American shad and striped bass.

Terrestrial Invertebrates: No invasive 
terrestrial invertebrate populations are 
currently established in the project area, 
though local forests are at risk of invasion.

Aquatic Invertebrates: Over 60 non-native 
aquatic invertebrates species occur in the 
Coos estuary; additional invasions are likely. 
Despite the potential for significant ecological 
and economic effects, little is known about 
the status of most of these species.

Subsystems:    CR- Coos River   CS- Catching Slough   
HI- Haynes Inlet   IS- Isthmus Slough   LB- Lower Bay   
NS- North Slough   PS- Pony Slough   SS- South Slough   
UB- Upper Bay

Jenni Schmitt, Bree Yednock, Erik Larsen, Craig Cornu, Colleen Burch Johnson 
-South Slough NERR
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Chapter 17:  Invasive and Non-na-
tive species in the Coos estuary 
and the Lower Coos Watershed

This section includes the follow-
ing data summaries: Vegetation, 
Aquatic Invertebrates, Terrestrial 
Invertebrates, and Vertebrates— 
which describe invasive and other 
non-native species in the Coos estu-
ary and lower Coos watershed. 

Non-Native and Invasive Vegetation:  This 
data summary provides profiles of 58 invasive 
or non-native plant species that are either al-
ready established in, or are imminent threats 
to the project area. The narrative is separated 
into three sections – invasive or non-native 
plants that are:  1) Predicted threats – inva-
sive vegetation not yet found in the project 
area but will be in the future; 2) Partially con-
tained threats – invasive vegetation currently 
found only in isolated populations within the 
project area; and 3) Established threats – in-
vasive vegetation found across much or all of 
the project area. 

Local distribution of each species is discussed 
where information is available. Sources in-
clude invasive species response plans, which 
often include targeted monitoring efforts 
(e.g., Howard et al. 2007; ODF 2014a and 
2014b) and statewide species profiling efforts 
(ODA 2014). Information from scientific 
publications (e.g., Posey 1988 and Hacker et 
al. 2012) and Online spatial databases (e.g., 

USDA 2015a) were also referenced. The vast 
majority of early non-native vegetation spe-
cies detections have come from local biolo-
gists noticing unusual plants (e.g. information 
personally communicated by A. Brickner 
2015). 

A Background section summarizes the in-
formation available describing the local or 
regional environmental and economic effects 
of each non-native or invasive vegetation  
species. 

Non-Native and Invasive Aquatic 
Invertebrates:  This data summary includes 
information for 62 species of non-native 
aquatic invertebrates and algae that have 
become established in the lower Coos wa-
tershed (project area), as well as 12 high 
risk aquatic non-native species not currently 
locally established but considered imminent 
threats. Information sources are mainly 
comprehensive invasion histories compiled 
for several US West Coast locations, including 
Coos Bay (Carlton 1979, Cohen and Carlton 
1995, Wonham and Carlton 2005). Species 
distribution information within the Coos es-
tuary comes from fouling community surveys 
(Hewitt 1993, de Rivera et al. 2005) and spe-
cies-specific studies (e.g. Berman and Carlton 
1991, Jordan 1989). 

A Background section summarizes what little 
information is available describing the local or 
regional environmental, economic and public 
health effects associated with non-native or 
invasive aquatic invertebrates. 
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Non-Native and Invasive Terrestrial 
Invertebrates: Information about invasive 
terrestrial vertebrates comes primarily from 
Online publications by the United States De-
partment of Agriculture (2003a, 2003b, 2006, 
2008, n.d.a, n.d.b), Oregon State University 
(2011), Purdue University (Sadof 2009), and 
United States Forest Service (n.d.). Estimates 
of the extent of damage caused by invasive 
insects come from peer-reviewed scientific 
literature (Kovacs et al. 2010; Nowak et al. 
2001). These sources are supplemented by 
personal communication with invasive species 
specialists working in Oregon (e.g., Williams 
pers. comm. 2015). 

Non-Native and Invasive Vertebrates: This 
data summary summarizes available infor-
mation for American shad, striped bass and 
nutria – three ecologically or economically 
significant species. For each species, we de-
scribe what’s known about their current sta-
tus and distribution, any available population 
trends, and information on their effects on 
native species. Other issues associated with 
each species is also discussed (e.g., bacterial 
infections of American shad, unprecedented 
levels of hermaphroditism in striped bass) .

Pathogens:  While numerous invasive patho-
gens (e.g., fungi or viruses) exist, they were 
not covered in this chapter due to time 
constraints. Several serious plant pathogens 
of concern to the project area have been cov-
ered in the “Terrestrial Vegetation in the Low-
er Coos Watershed” within the Vegetation 
Chapter. These include the Port Orford cedar 
root rot pathogen (Phytophthora lateralis), 

and the fungus that causes Swiss needle cast 
disease (Phaeocryptopus gaeumannii).

Data Gaps and Limitations

Non-Native and Invasive Vegetation:  A 
general lack of comprehensive spatial infor-
mation on non-native and invasive vegeta-
tion species impose limitations on our data 
summary. There are two main reasons for the 
limitations: 1) Few comprehensive surveys or 
monitoring programs exist that identify loca-
tions of non-native and invasive plants in the 
project area; and 2) Many spatial data that 
do exist come from anecdotal, often chance 
observations, which can introduce skewed 
impressions of species distributions.

Even though other spatial data exist, to sim-
plify this data summary only maps with the 
most comprehensive monitoring information 
(e.g. gorse and purple loosestrife) or those 
with location information of early invaders 
(e.g., Spanish heath and old man’s beard) 
were included.

Non-Native and Invasive Aquatic 
Invertebrates:  Only a few systematic surveys 
of invasive aquatic invertebrate species have 
been undertaken in the project area (e.g. 
Laferriere et al. 2010, Davidson 2006 and 
2008), therefore there are large data gaps in 
our understanding of their distribution in the 
Coos estuary. Likewise, knowledge of environ-
mental and economic effects of many aquatic 
species  is lacking.
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Non-Native and Invasive Terrestrial 
Invertebrates:  The available information 
about the threat of non-native and invasive 
insect introductions to the project area is 
based on projections from academic and gov-
ernment agency scientists, and local experts. 
However, since recent technological advances 
have resulted in the accelerated movement 
of goods and people across the globe, the 
spread of invasive insects has become in-
creasingly difficult to monitor and predict 
(Hulme 2009). While these expert opinions 
represent the best available information, it’s 
possible that unforeseen events (e.g., previ-
ously unaccounted for vectors of transport) 
could lead to the introduction of non-native 
and invasive species not currently anticipat-
ed by the experts. In some cases, species 
that pose the highest risks have appeared 
intermittently in Oregon (e.g., gypsy moths). 
Early detection rapid response programs 
have eliminated these threats before they 
have become established locally. However, if 
isolated populations have gone undetected, 
it’s possible that additional, yet to be discov-
ered threats may currently exist within or in 
proximity to the project area.  

Non-Native and Invasive Vertebrates: Striped 
bass and American shad data come from 
long-term Oregon Department of Fish and 
Wildlife (ODFW) monitoring efforts whose 
priorities shifted over time (ODFW 2009 
and 2013).  ODFW initially sampled (starting 
in 1965) all fishes in the Coos system, but 
shifted its focus to American shad and striped 
bass beginning in the late 1970’s. As American 
shad and striped bass populations declined, 

ODFW’s long-term monitoring focus shifted 
in 2006 to Chinook salmon. American shad 
and striped bass (along with other  fishes) are 
still identified and counted during Chinook 
sampling.  But American shad and striped 
bass population and distribution data should 
only be considered comprehensive between 
the late 1970’s and 2006. 

There are additional limitations to the Amer-
ican shad and striped bass data in the sam-
pling methods used. Seining methods have 
remained standard over the years, but fish 
identification varies by staff abilities. In addi-
tion, the seining effort was not identical in all 
years (some sites were missed— especially 
after the sampling focus shifted to Chinook) 
and during some years sampling was skipped 
altogether. Finally, seining methods may have 
inadvertently introduced bias into the sam-
pling since seining is not effective at capturing 
all fish (e.g., larger more mobile fish species).

Finally, descriptions of the health of American 
shad and striped bass rely on older informa-
tion from the primary literature (e.g., Carl-
ton 1989), and some theses (e.g., Anderson 
1985).

Nutria data are limited as no standard proto-
cols have been adopted to assess nutria distri-
bution or abundance in Oregon. Sheffers and 
Sytsma (2007) used district ODFW wildlife 
biologists’ best estimates to create a relative 
nutria density distribution map for Oregon 
(Figure 2 in the data summary). Although 
these scientists have an intimate knowledge 
of the watersheds in which they work, they 
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were not always able to estimate relative 
nutria densities, leaving a large number of 
sub-watersheds unrepresented. Since these 
were judgment calls based on best profes-
sional knowledge, conclusions based on this 
map should be used with caution.  

Comprehensive nutria density and distri-
bution data are lacking for the project area 
and for Oregon in general, despite anecdotal 
evidence suggesting the local presence of 
relatively large sustaining populations and 
structural damage to local marsh habitats and 
human infrastructure.
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How Local Effects of Climate 
Change Could Affect Invasive 
Species in the Lower 
Coos Watershed
Several climate change-related changes 
are expected on the Oregon coast that will 
potentially affect invasive species:

 � Climate-related changes will likely 
facilitate invasive species invasions to 
alter the ecological communities in the 
Coos estuary

 � Climate change is expected to increase 
the severity of extreme weather events, 
water temperature, hypoxia, sea level 
rise and alter oceanographic conditions 
each of which may promote invasive 
species invasions by creating conditions 
hospitable to non-native species

 � Climate change could allow non-native 
species to more readily out-compete 
native species altering the population 
dynamics of biological communities in 
the lower the Coos watershed.

Climate change and invasive species are two 
topics at the forefront of the global environ-
mental change crisis. Scientists have only 
recently begun to investigate the complex 
interactions between these two drivers of 

environmental change (Rahel and Olden 
2008). Each poses a great threat to both 
ecological and human communities especially 
since the local and regional effects of climate 
change are expected to facilitate the spread 

Invasive tunicate (Didemnum vexillum) infestation.

Gorse. Photo: David Dalton, Reed College.
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of invasive plant and animal species. Chang-
ing climate may promote species invasions by 
creating environments that favor the survival 
of non-native over native species (Stachowicz 
et al. 2002).  

Coastal regions are responding differently to 
climate change, so predicting the climate-re-
lated changes the project area will experience 
in the future is difficult (Scavia et al. 2002; 
USGS n.d.). We can predict that many aspects 
of climate change, including changing weath-
er patterns, increasing ocean temperatures, 
increasing hypoxia events, sea level rise, and 
change in oceanographic conditions, will 
more than likely facilitate local non-native 
species invasions and range expansions.  

In addition, the incidence of human-induced 
species introductions will likely change. 
Humans both knowingly and unknowingly 
transport plants, animals, fungi, and molds, 
(including vectors for pathogens), through-
out the world. But successful introduction of 
these organisms to new habitats and hosts is 
often prevented due to the inhospitable con-
ditions they encounter.  Increasing ocean and 
air temperatures, and changing storm pat-
terns and hydrologic conditions may create 
more hospitable conditions for new invaders 
making successful formerly unsuccessful in-
vasions (Stachowicz et al. 2002).  It should be 
noted that climate-related changes will also 
make inhospitable some formerly hospitable 
habitats and hosts. So in some areas climate 
change will also likely result in invasive spe-
cies relief.  

Changing Weather Patterns

Increased frequency and intensity of winter 
storms may change the current distribution 
of some invasive species in intertidal and 
subtidal estuarine habitats. For example, 
Bando (2006) showed that disturbance events 
“substantially enhanced Zostera japonica (a 
non-native eelgrass) productivity and fitness,” 
suggesting that this invasive species’ success 
is the result of both competitive interactions 
with native eelgrass and its positive response 
to disturbance events. 

Although shifting weather patterns are likely 
to result in distributional changes to eelgrass 
species, this trend may not necessary result 
in a net loss of native species. Researchers in 
Willapa Bay, Washington, for example, have 
noted that the establishment of Z. japonica 
in intertidal habitats has resulted in changes 
to sedimentation that have facilitated the 
spread of native eelgrass into areas that 
would have otherwise been unsuitable (Fisher 
et al. 2011).

Increasing Ocean Temperatures

According to the Oregon Climate Change 
Research Institute (OCCRI)(2010), ocean 
surface waters are expected to increase 
2-4°C (4-7°F) in Oregon within the next 100 
years. Increased ocean temperatures will 
lead to range shifts requiring native marine 
organisms to shift northward or deeper in 
the ocean in pursuit of the cooler waters 
they require (OCCRI 2010).  Higher ocean 
temperatures could exceed the physiological 
tolerances of many native species, allowing 
non-native species to out-compete them 
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and fill their ecological niches (OCCRI 2010). 
Increased ocean temperatures can also 
affect water quality, cause shifts in food web 
dynamics, and alter the length or timing of 
reproductive and growing seasons each of 
which could aid the spread of non-native 
species (Carlton 2000).

For example, the invasive clubbed tunicate 
(Styela clava),  present in the Coos estuary, 
is capable of withstanding temperature and 
salinity fluctuations beyond the range of 
many local native invertebrate species (Global 
Invasive Species Database n.d.). Clubbed 
tunicates have been collected on the Oregon 
Coast in water temperatures ranging from 11-
27°C (52-81°F)(OSU 2013) but they’re unable 
to reproduce at temperatures less than 15°C 
(59°F)(Eno et al. 1997). The clubbed tunicate 
may exhibit more reproductive success in 
higher ocean temperatures, allowing it to 
out-compete native species. 

The Humboldt squid (Dosidicus gigas), a vo-
racious predator that feeds on invertebrates 
(e.g., crustaceans) and small fish, and which 
normally ranges in warm waters from Chile 
to California, is an example of how increasing 
ocean temperatures can influence natural 
ranges. This species has already been sighted 
as far north as Puget Sound, WA, a northward 
range expansion expected to increase as 
oceans continue to warm (OCCRI 2010). Al-
though this species has not been introduced 
from overseas, its arrival has the potential to 
significantly affect the structure of existing 
marine communities, because altering fun-
damental interactions within an ecosystem 
(e.g., predator-prey relationships) can change 

 

Increasing Ocean Temperatures

Worldwide, ocean temperatures rose at an 

average rate of 0.13°F per decade between 

1901 to 2012.  Since 1880, when reliable 

ocean temperature observations first 

began, there have been no periods with 

higher ocean temperatures than those 

during the period from 1982 – 2012. The 

periods between 1910 and 1940 (after a 

cooling period between 1880 and 1910), 

and 1970 and the present are the periods 

during which ocean temperatures have 

mainly increased.

Translating worldwide ocean temperature 

trends to trends off the Oregon coast is 

complicated because of the high variability 

of sea surface temperatures affected by 

seasonal upwelling/downwelling and 

various  climatic events that occur in 

irregular cycles (e.g., El Nino).  Nearly 30 

years (1967-1994) of water temperature 

data collected near the mouth of the Coos 

estuary suggest a very weak trend towards 

warming water temperatures.  Fifteen 

years (1995-2010) of data from multiple 

stations in the Coos estuary’s South Slough 

inlet show very little water temperature 

change.   

    Sources: EPA 2013; Shore Stations Program       

    1997; Cornu et al. 2012
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Although scientists predict that global cli-
mate change will facilitate invasive species 
introductions that will likely alter commu-
nity structure in estuaries (Stachowicz et al. 
2002), all hope may not be lost. Norkko and 
colleagues (2011) showed that an invasive 
polychaete (Marenzelleria spp.) aided in the 
mitigation of hypoxia in the Baltic Sea through 
“bioirrigation” behavior (i.e., flushing their 
burrows with overlying water), which in turn 
decreased sediment-induced eutrophication. 
The Baltic Sea is far from the Coos estuary but 
this case study demonstrates possible local 
responses to climate change and its effects on 
invasive species. 

the way that plants and animals distribute 
themselves in their environment (Yamada 
1977; Carlton 2000). Along with ecological 
concerns, there are economic implications to 
disrupting food webs that support commer-
cially important fish in the northern Pacific 
ocean.

Anthropogenic dispersal of non-native species 
will be affected by warming ocean waters. 
Aquaculture is a major source of inadvertent 
non-native species releases into local envi-
ronments.  Increased ocean temperatures 
will force these facilities to move northward 
into colder waters (Rahel and Olden 2008), 
further increasing the non-native species pool 
available to invade new waters. This will be 
a concern for the Coos estuary should new 
aquaculture operations become established 
here.

Increasing Frequency of Hypoxia Events

Dissolved oxygen concentrations in estuaries 
could be influenced by many factors associ-
ated with climate change including tempera-
ture, river flow, and ocean conditions. Dis-
solved oxygen concentration along the coastal 
Oregon ocean floor have been close to or 
fully depleted during recent summers (called 
hypoxic or dead zones), and have occurred 
more frequently along the Oregon coast in 
recent decades (OCCRI 2010, Grantham et al. 
2004). Jewett and colleagues (2005) found 
that invasive invertebrate species cover was 
greatest on experimental settlement plates 
exposed to low dissolved oxygen waters and 
concluded that low dissolved oxygen events 
may enhance the success of invasive species.

Sea Level Rise

Our local NOAA tide station in Charleston has 

documented an average rate of sea level rise 

(SLR) of 0.84 mm (0.03 inches) per year aver-

aged over the past 30 years (0.27 feet in 100 

years).  The rate of SLR is expected to acceler-

ate over time.  For example, according to the 

National Research Council (NRC), predicted 

SLR rates for the area to the north of Califor-

nia’s Cape Mendocino (the study’s closest site 

to the Coos estuary), are reported as high as 

+23 cm (9 inches) by 2030; +48 cm (19 inches) 

by 2050; and +143 cm (56 inches) by 2100 .  

Sources: NOAA Tides and Currents 2013, NRC 

2012
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Sea Level Rise

Sea level rise is another climate-related 
change that has the potential to facilitate the 
spread of existing and newly arriving invasive 
species in our area.  For example, Chinook 
salmon (Oncorchynchus tshawytsacha) com-
pete for food and space with the non-native 
American shad (Alosa sapidissima), a com-
petition that has caused migratory delays for 
Chinook in the Columbia River (Hesselman 
2012). Since changes in sea level have been 
linked negatively to Chinook salmon growth, 
maturation and return rates (Wells et al. 
2007), these fish could be placed at a compet-
itive disadvantage with respect to American 
shad as sea levels continue to rise- potentially 
leading to an increase in shad populations. 

As sea level rises,  Oregon’s estuaries will 
become more inundated with marine water.  
Organisms associated with tidal wetlands 
further up the estuary will need to adjust 
to both longer tidal inundation periods and 
higher salinity levels.  As changes in species 
distributions occur through the slow-moving 
disturbances caused by sea level rise, estua-
rine habitats may become more susceptible 
to invasive species. 

On the other hand, sea level rise may aid in 
the management of invasive species already 
established in Oregon’s estuaries. For exam-
ple, purple loosestrife (Lythrum salicaria), an 
invasive freshwater marsh plant present in 
the lower Coos watershed (ODA 2014), does 
not tolerate saline conditions (Konisky and 
Bordick 2004). Sea level rise has the poten-
tial to relieve the Coos estuary of some of its 
purple loosestrife stands and other non-salt 
tolerant species (e.g., reed canary grass) in 
freshwater wetlands located in tidal systems. 

Change in Oceanographic Conditions

Climate-related changes in oceanographic 
conditions including ocean acidification, local 
wind patterns, ocean currents, timing and 
intensity of coastal upwelling, and El Nino 
Southern Oscillation (ENSO) events (see side-
bars) will have myriad effects on non-native 
species in Oregon’s coastal watersheds by 
changing the productivity and water quality 
(including pH) in estuarine environments- the 
same conditions which are likely to facilitate 
the spread of invasive species (OCCRI 2010).  

Change related to ocean conditions is expect-
ed to affect both terrestrial and aquatic or-

 

El Niño Southern Oscillation (ENSO)

ENSO, characterized by an abnormal 

warming of tropical Pacific waters, is a 

cyclical climate pattern that occurs every 

two to seven years. It affects weather and 

ocean currents in and around the Pacific 

ocean. Locally, ENSO is associated with 

drier conditions, warmer temperatures, 

and lower precipitation levels, although it 

can also result in greater winter storminess 

and flooding.

     Source: Mysak 1986
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ganisms’ dispersal patterns, a primary driver 
shaping ecological communities (Davis et al. 
1998). Carlton (2000) explains that non-native 
marine organisms, especially those whose 
dispersal patterns are strongly affected by 
ENSO patterns, are generally expected to 
gradually shift northward with rising ocean 
and air temperatures, establishing them-
selves in newly hospitable environments in 
northward regions. He cites several examples 
of this phenomenon, including northward  
migrations of the following non-native marine 
species that originated in the western Pacific 
ocean and were first found in northern and 
central California then transported by ocean 
currents to the southern Oregon coast: Black-
fordia virginica  (hydroid), Sphaeroma quoya-
num  and Iais californica (isopods), Palaemon 
macrodactylus (shrimp), and Styela clava 
(clubbed tunicate).

Over the past 20 years, the Oregon coast has 
experienced increased intensity of coastal up-
welling. However, OCCRI (2010) suggests that 
future changes to the coastal surface winds 
that drive upwelling are likely to be minimal.  
However, they warn of increased variability 
in coastal upwelling. For example, Barth and 
colleagues (2007) found that early season up-
welling was delayed and late season upwell-
ing was stronger than average during their 
2005 study. This finding was consistent with 
work done by Snyder and colleagues (2003), 
who predicted that increases in the contrast 
between land and ocean temperatures are 
likely to continue, driving stronger and more 
variable upwelling conditions. 

 

Ocean Upwelling

Ocean upwelling is a seasonal wind-

driven phenomenon that influences 

nutrient abundance in coastal waters. 

Upwelling occurs when strong spring and 

summertime winds drive surface ocean 

waters both along the coast and offshore 

in a process known as “Ekman transport.” 

Ocean bottom waters, typically cold 

and nutrient-rich, rise to the surface to 

replace surface waters moved by the wind.  

Uninterrupted upwelling events can  last 

days to weeks and are characteristic of the 

Oregon coast.

By providing nutrients that promote 

plankton growth, upwelling reinforces the 

base of the marine and estuarine food web 

that supports seabirds, marine mammals, 

and fisheries, including Dungeness crab, 

Pacific sardines, Chinook salmon, albacore 

tuna, halibut and other fin and shellfish 

species.

Source: Peterson et al. 2013, Iles et al. 
2011, Dalton et al. 2013
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Ocean Acidification

Since the late 18th century, the average 

open ocean surface pH levels worldwide 

have decreased by about 0.1 pH units, a 

decrease of pH from about 8.2 before the 

industrial revolution to about 8.1 today. 

A 0.1 change in pH is significant since it 

represents about a 30 percent increase in 

ocean acidity (the pH scale is logarithmic, 

meaning that for every one point change 

in pH, the actual concentration changes by 

a factor of ten). Scientists estimate that by 

2100 ocean waters could be nearly 150% 

more acidic than they are now, resulting 

in ocean acidity not experienced on 

earth in 20 million years. The best Pacific 

Northwest ocean acidification data we 

have so far are from the Puget Sound area 

where pH has decreased about as much 

as the worldwide average (a decrease 

ranging from 0.05 to 0.15 units). 

Sources: Feely et al. 2010;  NOAA PMEL 

Carbon Program 2013

Another effect of increased intensity of coast-
al upwelling exacerbate ocean acidification’s 
effects on marine and estuarine organisms.    
Increased coastal upwelling intensity is ex-
pected to expose native marine and estuarine 
communities to low pH ocean waters with 
limited calcium carbonate (necessary for 
skeleton and shell formation)- specifically 
aragonite, the more soluble form of calcium 
carbonate (Feely et al. 2008). Rising ocean 
acidity (lowering pH levels) is expected to 
adversely effect the larvae of many marine in-
vertebrates that incorporate calcite or arago-
nite into their shells (Orr et al. 2005). If those 
larvae are unable to mature, competition 
in estuarine invertebrate communities will 
diminish, potentially creating opportunities 
for non-native species to invade more readily 
(OCCRI 2010).  

Increasing Air Temperatures/Decreasing 
Summer Precipitation

According to the OCCRI (2010), average annu-
al air temperatures are estimated to increase 
0.2-1.0o F each decade in Oregon. Summers 
in particular are expected to become warm-
er and drier, with an estimated decrease in 
summer precipitation of 14% by 2080 (OCCRI 
2010). While warmer average air tempera-
tures may provide beneficial opportunities 
to various agriculture industries (e.g., wine 
grape growers), it will also almost certain-
ly mean new invasive plant pathogens will 
become more prevalent (Brooks et al. 2004; 
OCCRI 2010). 
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Changes to precipitation and air tempera-
ture are likely to increase invasive plant 
species’ ranges, further altering native plant 
ecosystems - with serious economic implica-
tions such as increased fire disturbance  (by 
increasing fuel load) and decreased livestock 
production (OCCRI 2010). Increasing fire 
events, in turn, will cause openings, providing 
additional opportunities for the expansion of 
invasive species (D’Antonio 2000 as cited in 
OCCRI 2010).

As summer precipitation decreases, the tim-
ing of amphibian breeding are likely to shift, 
possibly causing competition for breeding 
habitats where none currently exist (OCCRI 
2010). For example, the invasive American 
bullfrog (Lithobates catesbeianus) has a later 
breeding period than native amphibians. As 
amphibian breeding periods shift to match 
higher moisture conditions earlier in the year, 
competition with native species for breeding 
habitat will increase (Bury and Whelan 1984).

 

Uncertainty in Predicting Local Effects of 

Climate Change

There is inherent uncertainty in predicting 

what the local effects of climate change are 

likely to be.  The uncertainties generally fall 

into three categories: 1) Natural variability 

of the earth’s climate; 2) Climate sensitivity 

(how the earth’s climate system responds to 

increases in future greenhouse gas levels); 

and 3) Future greenhouse gas emissions.  

To manage for these uncertainties, climate 

scientists use multiple models (“multi-model 

ensembles”) that incorporate the estimated 

range of possible natural variability, climate 

sensitivity, and future greenhouse gas 

emission values when investigating climate-

related change.  The models typically 

generate a range of values for potential 

future air temperatures, ocean surface 

temperatures, sea level rise…etc., which 

naturally become increasingly variable the 

longer into the future the model predicts.  

This approach gives communities a range 

of projections to consider when developing 

climate change vulnerability assessments 

and adaptation plans.

Sources:  Sharp 2012, Hawkins and Sutton 
2009
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Non-native and Invasive Plants 
in the Lower Coos Watershed

Locations of select non-native invasive 
plants established in the project area in 
isolated populations or species that are 
currently being targeted for removal or 
control actions. 

Summary: 

 � Seven invasive plant species already 
established in the project area pose 
imminent environmental or socio-
economic threats; 10 species not yet 
present in the project area are expected 
to cause problems in the future.

 � European beachgrass (Ammophila 
arenaria) and gorse (Ulex europaeus) 
are two non-native invasive plant 
species that have significantly changed 
the local landscape. Beachgrass is well 
established in the project area and 
gorse is common to the south.

Meadow 
knapweed 
Photo:
ODA

Gorse 
Photo:
ODF 2014b



Invasive and Non-native Species in the Lower Coos Watershed18-22

What’s happening?

The threat status of the non-native and 
invasive vegetation species discussed in each 
section is indicated by icons and colors. A 
butterfly/slash icon indicates plant species 
with high potential to cause environmental 
harm; these species outcompete native flora 
and alter natural ecosystems. The dollar sign 
icon indicates plant species with high poten-
tial to cause serious socio-economic harm 
(see threat icon graphic). Threat levels are 
indicated by color codes- red being the great-
est threat, pale yellow the lowest threat (see 
color code graphic). 

Each section also includes a summary table 
listing the species discussed in the section 
along with general information about their 
introduction and impacts in Oregon. Species 
are color-coded using the same icon color 
codes described above- red being the great-
est threat, pale yellow the lowest threat (see 
color code graphic). 

This data summary describes available data 
for non-native and invasive (see sidebar) veg-
etation species found locally and is divided, 
like other data summaries, into two sections: 
1) What’s happening?; and 2) Background. 

The What’s happening? section focuses on 
the presence, distribution, and threat lev-
els associated with priority non-native and 
invasive plant species, and is divided into 
three subsections: 1) Predicted Threats; 2) 
Partially Contained Threats; and 3) Estab-
lished Threats. The subsections are defined as 
follows: 
1) Predicted threats – invasive vegetation 

not yet found in the project area but will 
be in the future. 

2) Partially contained threats – invasive 
vegetation currently found only in isolated 
populations within the project area. 

3) Established threats – invasive vegetation 
found across much or all of the project 
area.

The Background section provides detailed 
descriptions of the specific threats posed by 
each of the 58 non-native and invasive plant 
species included in this data summary. 

Color code 
graphic.

Threat icon 
graphic.
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Predicted Threats (Table 1) 
These species have nearby established popu-
lations (adjoining counties or states) and are 
imminent threats to the project area. Several 
species have been introduced in the past but 
have since been eradicated. 

Cordgrasses (Spartina spp.)

Three invasive cordgrass species are consid-
ered serious potential economic and environ-
mental threats to the Coos estuary:

Smooth cordgrass (Spartina alterniflora), 
considered the most aggressive of the inva-
sive cordgrass species, has been found once 
in the Coos estuary at the Oregon Depart-
ment of Transportation’s (ODOT) Barview 
Wayside wetland mitigation site near Barview 
(Figure 1). This population was accidentally 
transplanted during the wetland mitigation 
re-vegetation work. Because they never 
produced seed heads, the mysterious plants, 
growing into two large clones in the middle 
of the wetland, were very hard to positively 
identify (Figure 2). What was later identified 
using genetic techniques as smooth cordgrass 
was manually removed from the site over 
the course of seven years, both before and 
after the plant was positive identified. Helped 
immeasurably by the absence of seed pro-
duction, smooth cordgrass is now considered 
completely eradicated at the Barview Way-
side site. Aside from a site in the Siuslaw es-
tuary (where the Barview Wayside infestation 

Non-native species – Plants or animals 

introduced either intentionally or acci-

dentally to locations outside their native 

ranges.

Invasive Plant – Non-native plants or ani-

mals that aggressively outcompete native 

vegetation causing significant economic 

loss and/or environmental harm. Not all 

non-native species are invasive. 

Noxious Weeds – Invasive plant species 

listed at the county, state or federal level 

as particularly harmful to public health, 

wildlife, agricultural activities, or public 

and private property.

Figure 1: Locations of historic cordgrass infestations in the Coos 
estuary. All known plants have since been eradicated. Data: 
SSNERR 2013
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originated), and a site at the mouth of the 
Columbia River, the Barview Wayside infesta-
tion is the only documented case of smooth 
cordgrass becoming established in Oregon. 
According to Howard et al. (2007), regional 
invasions occur in San Francisco, CA, which 
has a large (~1,000 acres in 2006) smooth 

cordgrass population, and to the north, in 
Willapa Bay, WA where populations peaked in 
2003 with 8,500 acres affected, costing Wash-
ington state over $3 million from 2005-07.

Dense-flowered cordgrass (Spartina densi-
flora) plants were found in the Coos estuary 
in 2013 near Jordan Cove, the first time this 
species has been found in Oregon (Figures 1 
and 2). Five individual clones were found and 
subsequently removed. According to How-
ard et al. (2007), over 1,500 acres of marsh 
habitat in Northern California have been 
converted to dense flowered cordgrass-dom-
inated systems. For example, dense-flowered 
cordgrass now occupies 94% of Humboldt 
Bay’s remaining salt marsh habitat.

Saltmeadow cordgrass (Spartina patens) is 
only known to occur in Oregon on Cox Island 
in the Siuslaw River (Howard et al. 2007)(Fig-
ure 2). Present since the 1930’s, eradication 
of this population began in 1996 and is still 
ongoing. As of 2006, San Francisco (Califor-
nia) had a small (< 1 acre) population of this 
species (Howard et al. 2007).

Common cordgrass (Spartina anglica) has 
never been found in Oregon, but has estab-
lished populations in both the Puget Sound 
to the north and San Francisco to the south 
(Howard et al. 2007)(Figure 2).

Figure 2. Top left: Smooth cordgrass (Spartina alterniflora)
clones (black arrows) at Barview Wayside in 1995. Top 
right: close-up of a flowering smooth cordgrass seed head 
which never developed at Barview Wayside. Middle left: 
Dense-flowered cordgrass (Spartina densiflora) in Coos 
Bay near Jordan Cove (2013). Middle right: Close-up of 
dense-flowered cordgrass flowering head. Bottom left: Salt-
meadow cordgrass (Spartina patens). Bottom right: Common 
cordgrass (Spartina anglica). 
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mental economic impacts and the likelihood 
of this species to infest Coos County (Coos 
Weed Board 2011). The California Invasive 
Plant Council lists Portuguese broom as one 
of the most invasive wildland pest plants in 
regional areas of the state (Zouhar 2005a).

Diffuse Knapweed (Centaurea diffusa)

Diffuse knapweed, which occurs in all sur-
rounding counties but not yet in Coos County, 
is listed by the Coos County Weed Advisory 
Board as a species expected to be extremely 
damaging to the local economy if allowed to 
take hold (Coos Weed Board 2011)(Figure 5). 
This species cannot tolerate flooding or shad-
ing, therefore it is most likely to be found in 
drier pasture or cropland areas (Beck 2013). 
Duncan (2001 as cited in Zouhar 2001a) 
reports that Oregon had nearly one million 
acres of diffuse knapweed infesting it in 2000.

Garlic mustard (Alliaria petiolata)

Although not known to occur in Coos County, 
the Coos County Weed Advisory Board has 
determined that garlic mustard can cause 
harm to the local forest ecosystems by dom-
inating forest understory plant communities 
(Coos Weed Board 2011)(Figure 3). The Ore-
gon Department of Agriculture (ODA) reports 
that the nearest county known to have garlic 
mustard is Josephine, just southeast of Coos 
County (ODA 2014). 

Figure 3. Thicket of garlic mustard 
(Alliaria petiolata) and close-up of 
flowers. Photos: ODA 2014a; EDDMapS 
2014.

Figure 4. Portuguese Broom 
(Cytisus striatus) plant and close up of seed pods. 
Photos: ODA 2014a

Portuguese Broom (Cytisus striatus)

Portuguese Broom infestations in Oregon are 
only known in Lane and Douglas Counties, 
with the closest documented location just 
south of Florence (ODA 2014a)(Figure 4). In 
North America, it only occurs in California 
and Oregon (Zouhar 2005a). The Coos County 
Weed Advisory Board has listed this species 
as a species of high concern due to its detri-
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Herb Robert (Geranium robertianum)

Herb Robert is not known to occur in the proj-
ect area, but there has been positive identi-
fication of this species in Coos County by the 
United States Forest Service (USFS) in 2002 
(Figure 7)(EDDMapS 2014). According to ODA 
(2014a), Herb Robert has the potential to 
become the most common woodland invader 
in Western Oregon.

Figure 5. Diffuse 
knapweed (Cen-
taurea diffusa). 
Photos: Beck 
2013; ODA 2014a

Giant Hogweed (Heracleum mantegazzianum)

Giant hogweed has yet to be found in the 
project area, but has limited distribution 
along the northern Oregon coast (ODA 
2014a). Moist wooded riparian areas of the 
project area would provide perfect habitat for 
this species and allow it to reach its full repro-
ductive potential (Figure 6)(Forney 2013).

Figure 7. Herb Robert (Geranium robertianum). 
Photo: ODA 2014a

 Woolly Distaff Thistle (Carthamus lanatus)

Wooly distaff thistle is not known to occur in 
Coos County, but it can be found in all sur-
rounding counties (ODA 2014a; OSU 2006). 
According to Burrill (1994), Wooly distaff this-
tle is a federally listed noxious weed consid-
ered one of the worst pasture weeds in North 
America and Australia.

Figure 6. Giant 
hogweed (Hera-
cleum mantegaz-
zianum). Photos: 
ODA 2014a
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Partially Contained Threats (Table 2)
Species described in this section have become 
established in the project area in isolated 
pockets, and whose populations are either 
being actively managed or were just recently 
discovered.

Old Man’s Beard (Clematis vitalba)

So far, old man’s beard has limited distribu-
tion in the project area. It is, however, fairly 
widespread along the South Fork Coos River 
(Figures 8 and 9)(ODA 2014a; A. Brickner, 
pers. comm. 2014). Old man’s beard is much 
more common in northwestern Oregon and is 
expected to become widespread throughout 
most of the state due to this species’ highly 
effective seed dispersal strategy (ODA 2014a).

False Brome (Brachypodium sylvaticum)

Identified in the South Slough watershed in 
2006 by ODA, Oregon is considered the “epi-
center for false brome” in the U.S. (Figures 8 
and 9)(EDDMapS 2014, ODA 2014a). First dis-
covered in North America (specifically, in Eu-
gene) in 1939, this perennial grass has been 
naturalized (a self-sustaining population) in 
the Corvallis/Albany area since at least 1966 
and has now taken over an estimated 10,000 
acres in Oregon (Chambers 1966; Davi 2009; 
ODA 2014a). 

Distribution of false brome is expected to 
become more widespread since the species 
has had time to genetically evolve and adapt 
(Holmes et al. 2010).

Policeman’s Helmet (Impatiens glandulifera) 

Until recently, infestations of policeman’s 
helmet have been restricted to northwestern 
Oregon. However, in 2014 this species was 
found in the project area (Figures 8 and 9)
(ODA 2014a; A. Brickner, pers. comm. 2015). 
Oregon invasions have come from expan-
sion of established populations in western 
Washington and lower British Columbia (ODA 
2014a). 

Spanish Heath (Erica lusitanica) 

Within the project area, Spanish heath occurs 
along Cape Arago Highway (Figures 8 and 9)
(A. Brickner, pers. comm. 2015). First intro-
duced at a rare plant nursery near Langlois 
OR, Spanish heath has become established in 
seven Oregon locations, mainly in Coos and 
Curry counties. It’s well adapted to the moist 
acidic soils of coastal Oregon and is a prolific 
seed-bearer. Spanish heath is expected to 
spread exponentially in the coming years. 
High costs associated with controlling estab-
lished populations make Spanish heath a high 
priority for early eradication (French 2009).
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Figure 8. Partially contained species. 
Clockwise from top: Policeman’s helmet (Im-
patiens glandulifera)(inset: flower); Yellow 
flag iris (Iris pseudacorus); Old man’s beard 
(Clematis vitalba)(inset: leaves and flower); 
Spanish heath (Erica lusitanica); Dalmatian 
toadflax (Linaria dalmatica). Middle: False 
brome grass (Brachypodium sylvaticum). 
Photos: ODA 2014a; Stone 2009; Lincoln 
county soil water conservation district; 
kingcounty.gov; wikipedia.

Spurge Species (Euphorbia spp.)

Approximately 12 spurge plants whose identi-
fication have not been finalized can be found 
at three locations in the project area. These 

spurge species are most likely leafy spurge (E. 
esula) or oblong spurge (E. oblongata)(Figure 
9). The plants will be positively identified and 
pulled in the summer of 2015 (A. Brickner, 
pers. comm. 2015). Oblong spurge is only 
known to occur in three Oregon counties, 
Lane County being closest to the project 
area (ODA 2014a). Rare along coastal Pacific 
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Northwest in 1994, leafy spurge is more com-
mon in eastern Oregon counties, but occurs 
in Curry County to the south (Pojar and MacK-
innon 1994; USDA 2015).

Dalmatian Toadflax (Linaria dalmatica)

Dalmatian toadflax was positively identified 
in Charleston in 2014 for the first time within 
the project area (Figures 8 and 9)(A. Brickner, 
pers. comm. 2015). Many Oregon counties 
east of the Cascades have widespread infesta-
tions of this species (ODA 2014a).

Yellow Flag Iris (Iris pseudacorus)

Yellow flag iris is an aquatic plant found spo-
radically within the project area and is more 
common further north (e.g., Umpqua River)
(Figures 8 and 9)(A. Brickner, pers. comm. 
2015; ODA 2014a).

Established Species (Table 3)
The following list of priority, already estab-
lished non-native and invasive plant species 
(listed in Table 3 which spans two pages), are 
found throughout the project area, either in 
widespread or limited populations. 

Figure 9. 
Known 
locations 
of several 
weeds that 
are thought 
to be par-
tially or fully 
contained. 
Source: A. 
Brickner pers. 
comm. 2015; 
EDDMapS 
2014.



Invasive and Non-native Species in the Lower Coos Watershed18-32

Beachgrass (Ammophila spp.)

Two related invasive beachgrass species occur 
in Oregon: 1) European beachgrass (Ammoph-
ila arenaria)(native to Europe); and 2) Ameri-
can beachgrass (A. breviligulata)(native to the 
east coast of North America )(Figure 10). Eu-
ropean beachgrass was introduced to Oregon 
in 1910 near Coos Bay for dune stabilization 
and now dominates the dune system (Crook 
1979). American beachgrass was intentionally 
planted near the mouth of the Columbia Riv-
er in the 1930s and has since spread south. 
According to Hacker et al. (2012), American 
beachgrass was only found in isolated patches 
in Coos County, where the dunes are dom-
inated by European beachgrass. Since their 
introduction in Oregon, beachgrasses have 
created a nearly continuous barrier from the 
foredunes inland to Highway 101, completely 
changing the formerly dynamic dune system 
(Crook 1979). Aerial photography of Ore-
gon dunes from 1939 show 20% vegetative 
coverage; 50 years later over 80% of dunes in 
the same region were covered by vegetation 
(USFS n.d.).

Gorse (Ulex europaeus)

So far, gorse is found only in relatively small, 
isolated patches around the Coos estuary 
(Figures 11 and 12)(SHN 2013; A. Brickner, 

Figure 10. Top: Oblique sand dunes before beachgrass 
(Ammophila spp.) invasion. Middle: Inspection of intentional 
plantings of beachgrass in the Oregon Dunes Recreation 
Area c1930’s. Dunes were planted to stabilize the highly 
mobile sand. Bottom: Bulldozer taking down a foredune 
north of Reedsport. The foredune was largely created by 
beachgrass (seen behind the bulldozer). Sources: University 
of Oregon Libraries; Siuslaw National Forest (bottom two 
photos); Coos Bay BLM (inset)
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pers. comm. 2015; OR Dept. of Forestry [ODF] 
2014a; CoosWA 2014a; EDDMapS 2014). 
Infestations at many of these locations are 
controlled by the Coos Watershed Association 
(CoosWA) and in some cases herbicide (Gar-
lon 3A or triclopyr)(A. Brickner, pers. comm. 
2015). Just south of the project area, gorse 
has completely overtaken native vegetation 
in many expansively infested landscapes. 
ODF conducted an aerial survey of 300,000 
acres in coastal Coos and Curry counties in 
the spring of 2014; they recorded over 6,200 
acres of gorse, nearly 4,400 acres of which 
were heavily infested (ODF 2014a).

French broom (Genista monspessulana)

Widespread on the southern Oregon coast, 
this plant prefers warm, moist, low elevation 
areas (ODA 2014a)(Figure 13). French broom 
is the most widespread broom in California 
(Zouhar 2005b).

Knotweeds (Polygonum spp.)

There are four knotweeds known in the 
project area: Himalayan (P. polystachyum), 
Japanese (P. cuspidatum), giant (P. sachalin-
ense), and Bohemian (P. bohemica)(a hybrid 
between giant and Japanese knotweeds)
(Figure 12). Himalayan knotweed is the least 
common of the three non-hybridized species 

Figure 11. Known locations of gorse (Ulex europeaeus) infes-
tations in the project area. Sources: ODF 2014a; EDDMapS 
2015; CoosWA 2014a

Figure 12. Established 
species with limited 
distribution in the project 
area that have the greatest 
potential impacts to the
project area (clockwise from top left): gorse (Ulex europae-
us); Himalayan knotweed (Polygonum polystachyum); giant 
knotweed (Polygonum sachalinense); and Eurasian water-
milfoil (Myriophyllum spicatum). Photos: ODA 2014a
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in the Pacific Northwest, while Japanese knot-
weed has the most widespread distribution, 
especially in western Oregon (ODA 2014a). 

CoosWA provides free herbicide application 
to knotweed infestations for any landowner 
within the Coos watershed. Because of this 
effort, between 2008 and 2012, knotweed in-
festation in the Coos watershed was reduced 
from 12 acres to three (Cornu et al. 2012).

Purple loosestrife (Lythrum salicaria)

Found along moist sites in most subsystems 
of the project area, purple loosestrife popu-
lations are especially dense along Catching 
Slough and near the Libby area of Coalbank 
Slough (Figures 13 and 14)(CoosWA 2014b).

Figure 13. Established species with widespread distribution 
in the project area that pose the greatest threats to the 
project area. Top row: reed canary grass (Phalaris arundina-
cea); French broom (Genista monspessulana); Scotch broom 
(Cytisus scoparius); Middle row: Brazilian waterweed (Egeria 
densa); jubata grass (Cortaderia jubata); purple loosestrife 
(Lythrum salicaria). Photos: ODA 2014a; U of FL (Brazilian 
waterweed); and OSU (reed canary grass).
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Reed canary grass (Phalaris arundinacea)

Reed canary grass (Figure 13) commonly 
occurs in freshwater wetlands and on agri-
cultural lands in the project area. However, 
distribution of the species and the extent of 
invasion have not been documented locally. 
Magee et al. (1999) evaluated 96 freshwater 
wetland sites in the Portland (OR) area and 
found that the most frequently found invasive 
species was reed canary grass (93% of sites). 
In a related study by Magee and Kentula 
(2005), freshwater wetlands (43 study plots in 
seasonal, perennial, and open water wetlands 
within the Portland, OR urban growth bound-
ary) where reed canary grass was present 
averaged 67% cover. 

Butterfly bush (Buddleja davidii, formerly B. 
variabilis)

Out of all Oregon counties, butterfly bush is 
most widespread in Coos and Lane counties 
(ODA 2014a). In the project area, it’s been 
most frequently reported along Cape Arago 
Hwy, Isthmus Slough, and the mouth of the 
Coos River (EDDMapS 2015).

Buttercup (Ranunculus spp.)

There are numerous native and non-native 
buttercup species in Oregon. Introduced 
buttercups include: R. arvensis, R. bulbosus, 
R. ficaria, R. sardous, R. muricatus, R. parvi-
florus, and R. repens. The latter three occur 
in Coos County (USDA 2015). Of these three, 
creeping buttercup (R. repens) is considered 
the most problematic both environmentally 
and economically (Burrill 1996).

Knapweed or starthistle (Centaurea spp.)

There are three knapweed/starthistle species 
known to occur in the project area – spotted 
knapweed (C. stoebe, formerly C. maculosa), 
meadow knapweed (C. pratensis) and yellow 
starthistle (C. solstitialis). A fourth invasive 

Figure 14. Discrete (small, isolated) and Gross (large, dense) 
infestations of purple loosestrife (Lythrum salicaria) in the 
project area as surveyed by Coos Watershed Association 
staff in 2014. Subsystems: SS = South Slough; LB = Lower 
Bay; UB = Upper Bay; PS = Pony Slough; IS = Isthmus Slough; 
CS = Catching Slough. Source: CoosWA 2014b
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ported in the lower Coos estuary near Empire 
and in the upper South Slough estuary (C. 
Cornu, pers. comm. 2015; EDDMapS 2014; 
ODA 2014a). 

Cotoneaster (Cotoneaster spp.)

Multiple cotoneaster species have been intro-
duced in Oregon including C. simonsii which 
is found in Coos County including the project 
area. Other species found elsewhere may 
pose threats in the future: C. franchetii , C. 
lacteus (Lane and Curry counties); C. horizon-
talis, C. divaricatus, C. nitens (Lane County); C. 
acuminatus (Benton County); and C. panno-
sus (Jackson County)(USDA 2015). 

Japanese eelgrass (Zostera japonica)

Japanese eelgrass coverage has not been 
quantified in the Coos estuary, but it com-
monly occupies previously unvegetated 
mudflat areas (Shafer et al. 2011). Japanese 
eelgrass was first observed in the Coos 
estuary in the mid-1970’s in South Slough. 
By the mid-1980’s it had spread throughout 
the South Slough and to middle portions of 
the Coos estuary (Posey 1988). This eelgrass 
invader has since increased its distribution 
and density in the Coos estuary (Rumrill 
2006). Japanese eelgrass grows on the Coos 
estuary’s mid-intertidal mudflats (0.6-1.2 m 

species, diffuse knapweed, (C. diffusa) has 
not been found locally and is described under 
Predicted Threats above.

Because yellow starthistle, already infesting 
nearly one million acres of Oregon rangeland 
(Duncan 2001 as cited in Zouhar 2002), pre-
fers dry conditions with full sunlight, it’s not 
likely to heavily infest the project area. Mead-
ow knapweed, on the other hand, favoring 
moist conditions (e.g. riverbanks or irrigated 
pastures), can become established in a wide 
range of local environments (ODA 2014a; 
OSU 2006; Zouhar 2002). Spotted knapweed 
tolerates both wet and dry conditions, but 
prefers areas that receive summer rainfall 
(Beck 2013; PCA 2005). According to Zouhar 
(2001b), nearly 800,000 acres of Oregon 
lands were infested with spotted knapweed 
in 2000.

Tansy ragwort (Senecio jacobaea)

 Already widespread in Coos County, tansy 
ragwort thrives in cool, wet, cloudy weather, 
like that seen along the Oregon coast (OSU 
2008b).

Biddy-biddy (Acaena novae-zelandiae)

Biddy-biddy’s distribution is limited in Coos 
County and in the project area. It’s been re-
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[2.0-4.0 ft] above mean lower low water) and  
generally does not compete with the native 
eelgrass (Z. marina), which grows on lower 
intertidal mudflats and in subtidal channels 
(Posey 1988). In Yaquina Bay, Japanese eel-
grass coverage has increased by 400% in just 
over nine years (Young et al. 2008). 

Sweet Fennel (Foeniculum vulgare) 

Fennel is considered only moderately inva-
sive. Expansive populations can be found in 
coastal southern Oregon (NPSO 2008). 

Background

Below are detailed descriptions of the specific 
threats posed by each of the non-native and 
invasive plant species included in this data 
summary (species listed alphabetically): 
 
American Beachgrass (Ammophila breviligu-
lata): See “Beachgrasses” below.

Armenian blackberry (Rubus armeniacus)
(formerly Himalayan blackberry, Rubus 
discolor) 
According to ODA (2014a), this invasive black-
berry is the most economically damaging 
non-native species in western Oregon due to 
control costs on public and private rights-of-
way, agricultural pasture and crop lands, and 
timberlands. The estimated economic impact 

of Armenian blackberry infestations and 
associated control costs in Oregon is over $40 
million. When all susceptible acres of land are 
considered, this estimate could rise to $268 
million (ODA 2014b). Armenian blackberry, 
which severely alters native ecosystems, can 
grow 20 feet per year and reproduces with 
prolific berry production, or vegetatively by 
rooting the tip of the cane when it touches 
the ground (ODA 2014a). Commonly found 
in open riparian areas, blackberry thickets 
provide little shade for streams and prevent 
native shade-producing trees and shrubs to 
colonize stream banks. 

Beachgrasses (Ammophila spp.)
Non-native European and American Beach-
grasses are well adapted to seasonal sand 
burial (up to 1 m per year according to Ran-
well 1959 as cited in Russo et al. 1988), which 
allows them to outcompete the native dune 
grass, Elymus mollis (a.k.a. Leymus mollis). 
Invasive beachgrasses spread via rhizomes 
(i.e., rootstock), the fragments of which are 
dispersed along the shore by winter storms 
(Russo et al. 1988). Once established, these 
species are very difficult to control, much less 
eradicate.

Since the introduction of beachgrasses to the 
Oregon dunes, populations of native plant 
and animal species adapted to once dynamic 
Oregon dune habitats (including pink sand 
verbena, wolf’s evening primrose, silvery 
phacelia, and the endangered western snowy 
plover), have declined precipitously (Figure 
10)(Julian 2012, Kaye 2004, Kalt 2008, Russo 
et al. 1988). 
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Russo et al. (1988) attributed native dune 
species decline largely to changes in the 
orientation of the Oregon dune field’s valleys 
(technically referred to as “slacks”) and to 
the reduction in sand supply to interior dune 
habitats, both caused by the establishment of 
non-native beachgrasses. Historically, beaches 
associated with the Oregon dunes were char-
acterized by the absence of foredune habitat 
running parallel to the ocean shore. Dunes 
and associated slacks were instead oriented 
obliquely to the shore, shifting with seasonal 
changes in prevailing winds. The Coos Bay 
dune field (stretching from Haceta Head in 
the north and Cape Arago in the south, the 
largest dune sheet in North America) contains 
the only “oblique-ridge dunes”’ in the world, 
which are expected to disappear in the fore-
seeable future due to non-native beachgrass 
stabilization (Cooper 1958; Crook 1979).

According to a draft environmental impact 
statement by Siuslaw National Forest (1993 
as cited in Wiedemann and Pickart 1996), the 
unique open dunes will completely disappear 
by 2040, a process which can only be re-
versed by removing the foredune, a cost-pro-
hibitive solution.

Wiedemann and Pickart (1996) temper the 
threat by providing evidence for the long-
term cyclical nature of Oregon dune stabili-
zation and rejuvenation over the course of 
the past 3,000 years; a recurring process in 
which vegetation-induced dune stabilization 
creates a foredune, which is then eliminat-
ed during major natural disturbances (e.g., 

subduction zone earthquake, tsunami, sea 
level rise), releasing interior dunes once again 
to wind-driven sand movement. They suggest 
that non-native beachgrasses may only be 
hastening a natural cyclical process. 

Biddy-biddy (Acaena novae-zelandiae) 
Biddy-biddy is a low-growing perennial forb 
(non-grass herbaceous plant) that prefers 
disturbed open sites (e.g., stablilized dunes 
or open scrub communities) and competes 
poorly with established native vegetation 
(ODA 2014a). Its seed exteriors feature 
barbed burs that cling tenaciously to almost 
anything, allowing the seeds to spread far 
and wide by mobile species including mam-
mals, birds and humans. Biddy-biddy can also 
spread vegetatively by the growth of above-
ground “stolons” (horizontal stems)(ODA 
2014a).

Brass Buttons (Cotula coronopifilia) 
Brass buttons is a non-native, non-invasive 
species commonly found in disturbed wet-
lands and beaches in every Oregon coastal 
county. Brass buttons is easily outcompeted 
by native vegetation.

Brazilian waterweed (Egeria densa)
Exported from South America for use in 
aquariums, Brazilian waterweed has escaped 
to infest local lakes, ponds, and slow mov-
ing rivers where it forms dense mats on the 
water’s surface. Once established, Brazilian 
waterweed slows or stops water flow, traps 
sediments, displaces native aquatic species, 
and interferes with recreational activities 
(e.g., swimming, boating)(Figure 13). Inter-
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estingly, all Brazilian waterweed plants in the 
U.S. are male, but they still manage to spread 
vegetatively (WSDE n.d.). 

Bull thistle (Cirsium vulgare)
Reaching 5 ft (1.5 m) tall and 3 ft (0.9 m) in 
diameter, bull thistle is made up of many 
spiny branches and can develop taproots 
that extend 28 inches (71 cm) into the soil 
(OSU 2008a; USFS 2005a). Seeds are wind 
dispersed and can remain viable for up to 10 
years (OSU 2008a). This thistle is most com-
monly found in disturbed areas such as along 
roadsides and in pastures in poor conditions, 
though it can also be found in cleared forest-
land (OSU 2006; USFS 2005a). Bull thistle can 
reduce agricultural productivity by forming 
large, dense stands in pastures. Bull this-
tle also grows in native plant communities, 
out-competing these plants for water, nutri-
ents and space.

Buttercup (Ranunculus spp.): Of all the 
non-native plant species found in Coos Coun-
ty, creeping buttercup (R. repens) is the most 
invasive, spreading by stolons and forming 
thick carpets in wet meadows (Burrill 1996). 
In buttercup-infested pasture lands this plant 
can poison and sometimes kill livestock (Bur-
rill 1996). Creeping buttercup is also highly 
invasive in moist riparian terraces and wet-
lands, dominating streamside plant communi-
ties (NPSO 2008)

Butterfly bush (Buddleja davidii formerly B. 
variabilis)
Similar to Scotch broom (below), butterfly 
bush dominates open disturbed habitat, 

and is especially problematic to re-forested 
lands where it smothers tree seedlings (ODA 
2014a). Butterfly bush can grow to 12 ft (3.6 
m) in height and 15 ft (4.6 m) across and pro-
duces an abundance of wind-dispersed seeds 
(USFS 2005b).

Canada thistle (Cirsium arvense)
Canada thistle spreads aggressively through 
agricultural lands, riparian areas, wet mead-
ows, and roadsides both vegetatively and 
from seed (up to 5,000 per plant)(USFS 
2006a). Control of established populations 
can be difficult because even small root seg-
ments can form new plants (OSU 2006). 

Cherry laurel (Prunus laurocerasus) 
Also known as English laurel, cherry laurel can 
“escape” from cultivated hedges, spreading 
into nearby forest lands. Cherry laurel is a 
shade tolerant plant that can grow to 30 ft 
(9 m) tall and is toxic (especially the seeds) if 
ingested (USDA 2010).

Cordgrasses (Spartina spp.)
Except where otherwise noted, the follow-
ing information is provided by Howard et al. 
(2007). Only one Spartina species (S. foliosa) 
is native to the U.S. West Coast. Four oth-
er Spartina species found in the region are 
non-native and considered particularly inva-
sive: Common cordgrass (S. anglica), smooth 
cordgrass (S. alterniflora), dense-flowered 
cordgrass (S. densiflora), and saltmeadow 
cordgrass (S. patens). Common cordgrass is 
a hybrid between the European cordgrass (S. 
maritima, not found on the U.S. West Coast) 
and smooth cordgrass. Common and smooth 
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cordgrasses colonize West Coast estuaries, 
converting widespread unvegetated low inter-
tidal mudflats to marsh habitat. These marsh-
es are dominated entirely by Spartina since 
no native marsh plants are adapted to grow in 
the low intertidal zone. This dramatic habitat 
shift affects native plant and animal species 
that rely on intertidal mudflats (e.g., shore 
birds, native clams, eelgrass), and severely 
limits recreational and commercial uses of 
those same mudflats (e.g., commercial oyster 
cultivation, recreational clamming). Smooth 
cordgrass is the most aggressively spreading 
of the four species and is also able to occupy 
the broadest elevation range (mudflat to high 
marsh). Dense-flowered and saltmeadow 
cordgrasses are better adapted to local marsh 
habitats where they aggressively outcompete 
native salt marsh species. 

All four non-native Spartina species can 
reproduce both sexually (seeds), flowering 
late summer into early fall, and by vegetative 
means (i.e. rhizome fragments). 

Cotoneaster (Cotoneaster spp.)
Cotoneaster species frequently escape garden 
plantings and are considered moderately 
invasive in coastal Oregon woodlands and 
prairies (NPSO 2008). On occasion, popula-
tions can become dense enough to crowd out 
native vegetation (DiTomaso et al. 2013).

Dalmatian Toadflax (Linaria dalmatica) 
Dalmatian toadflax is a potentially serious 
weed that invades agricultural lands. It is 
resistant to many herbicides, hosts several vi-
ruses that can transfer to crops, outcompetes 

Vectors of invasion

Not being aware of some plants’ aggres-

sive potential, people intentionally intro-

duce what turn out to be invasive terrestri-

al vegetation to their local areas: 

 � As garden ornamentals (e.g., butterfly 
bush, Scotch broom, gorse)

 � For agriculture land enhancements 

(e.g., false brome, reed canary grass) 

 � For use in aquariums or water features 

(e.g. Eurasian watermilfoil, Brazilian 
waterweed) 

 � For use as bank or dune stabilization 

(e.g., European beach grass) 

Accidental invasive species introductions 

also occur, often the result of seeds or veg-

etative parts hitchiking on:

 � Internationally traded goods (e.g., 
biddy-biddy in sheep’s wool)

 � The boots or clothing of individuals 

traveling from infested regions

 � Migrating animals

Animals can also spread non-native and 
invasive plants by ingesting seeds and 
dropping seed-laden feces in areas with 
hospitable growing conditions (e.g., coto-
neaster, English ivy). 
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desirable forage plants while having no forage 
value itself, and is difficult to eradicate once 
established (Figure 8). Control costs are cur-
rently estimated at over $250,000 per year. 
If all Oregon lands susceptible to infestation 
were covered by this species, annual con-
trol costs could reach over $20 million (ODA 
2014b). Toadflax vegetative budding roots can 
extend up to six feet (1.8 m) deep and spread 
laterally up to 12 ft (3.6 m). Mature toadflax 
plants can produce as many as 500,000 seeds 
each year. This species commonly invades 
open disturbed areas such as roadsides and 
cultivated fields but rarely occurs in intact 
natural areas. Toadflax is not known to be 
used by local animals except as cover for 
small animals (Zouhar 2003).

Diffuse knapweed (Centaurea diffusa)
See ‘Knapweeds and Starthistle’ below.

English holly (Ilex aquifolium) 
A common ornamental, English holly fre-
quently escapes garden plantings and is 
considered moderately invasive in Oregon 
woodlands and prairies (NPSO 2008). En-
glish holly is a shade tolerant species that is 
frequently associated with increasing forest 
stand density. English holly populations in 
Oregon are expected to spread significantly in 
coming years (Gray 2005).

English ivy (Hedera helix)
English ivy is a perennial evergreen climb-
ing vine that covers trees to canopy height, 
sometimes creating enough biomass that its 
weight topples trees. English ivy also spreads 
horizontally along the forest floor, displacing 

all native vegetation in its path (ODA 2014a). 
It is considered a threat to native plant com-
munities in Oregon and has been placed on 
ODA’s 2010 list of quarantine species (Waggy 
2010). English ivy has a high tolerance to 
varying light conditions, thriving in both full 
shade and full sun. It can survive in early to 
late successional forests (Waggy 2010).

Eurasian watermilfoil (Myriophyllum spica-
tum) 
See ‘Watermilfoil’ below.

European Beachgrass (Ammophila arenaria) 
See “Beachgrasses” above.

False Brome (Brachypodium sylvaticum) 
Brought to Oregon in the late 1930’s by USDA 
as one of several grasses for range enhance-
ment experiments, false brome has since 
escaped into Oregon’s landscape (Figure 8). 
False brome is a perennial grass that thrives 
in both shady and sunny conditions, creating 
thick monoculture (single-species) mats that 
can outcompete native herbaceous vegeta-
tion and prevent native tree species’ seeds 
from germinating. Further, false brome does 
not provide good forage, reducing pasture 
productivity (Davi 2009).

Field bindweed (morning glory)(Convolvulus 
arvensis)
Competing with crops for nutrients and 
water and extremely difficult to remove, field 
bindweed can reduce crop yields by as much 
as 50% (ODA 2014a). One plant can produce 
up to 500 seeds, which remain viable in the 
soil for up to 20 years (USFS 2006b). This 
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climbing vine has lateral roots that can sprout 
new plants from small root or vine fragments, 
greatly complicating eradication measures 
(USFS 2006b; Zouhar 2004a).

French Broom (Genista monspessulana) 
An aggressive pioneer species that displaces 
native early colonizing plants in disturbed 
areas, French broom can drive up invasive 
species control costs in timber harvest areas 
and create a severe fire hazard during the dry 
season (Figure 13)(ODA 2014a). A medium 
sized French broom shrub can produce over 
8,000 seeds per year, which are explosively 
ejected by the pod up to 13 ft (4 m) from the 
parent shrub (Bossard 2000, Zouhar 2005b). 
Over half the seeds from these dense woody 
shrubs are dormant upon dispersal. Germina-
tion takes place only under specific environ-
mental conditions (e.g., scarification of the 
seed shell); seeds remain viable in the soil 
for up to 5 years (Adams et al. 1991, Bossard 
2000b). 

Garlic Mustard (Alliaria petiolata) 
Extremely difficult to control once estab-
lished, garlic mustard thrives in partial shade 
and forms dense thickets in forest understo-
ries, displacing native species (Figure 3). It 
can also infest riparian zones, roadsides, trails 
and agricultural lands and is almost totally 
reliant on seed production to spread (ODA 
2014a). Garlic mustard can grow as tall as 3.5 
feet (1 m)(USFS 2005c) and does not tolerate 
acidic soil, likely explaining its absence from 
conifer-dominated communities. This invader 
appears to negative affect native butterfly 
populations by fatally inhibiting larval de-

velopment in butterfly eggs deposited on its 
leaves (Munger 2001).

Giant Hogweed (Heracleum mantegazzia-
num) 
Unlike its native relative, cow parsnip (H. 
maximum), giant hogweed adversely affects 
both local economies and native plant com-
munities (ODA 2014a). Most common in par-
tial shade or full sun, giant hogweed readily 
invades riparian areas where it outcompetes 
native species, provides poor winter ground-
cover for animals, and leads to increased 
bank erosion during winter rains (Thiele and 
Otte 2006, DiTomaso and Healy 2007, Forney 
2013). Forney (2013) describes giant hog-
weed as a human health hazard, since its sap 
contains a chemical that can cause severe 
burns on UV exposed skin, prompting the 
need for targeted control programs in public 
spaces. Although this plant is currently only 
found in very limited areas in Oregon, po-
tential economic impact to the state (in lost 
agricultural production and control costs) if it 
was to infest all susceptible habitat would be 
over $1 million per year (ODA 2014b).

Giant hogweed is a large plant, growing 
approximately 15 ft (4.5 m) tall with flower 
heads and leaves that can be 3 ft (0.9 m) or 
more in diameter (ODA 2014a). It grows from 
a single hollow stem that can be 6 inches (15 
cm) in diameter (Figure 5)(Page et al. 2006). 
Seeds can float in water for two days and re-
main viable, allowing this plant spread via wa-
terways (Gucker 2009). Because of its size and 
prolific seeding ability (each flower head can 
produce 1,500 seeds), giant hogweed easily 
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outcompetes native species (USFS 2005d). 
According to Gucker (2009), giant hogweed 
seeds are capable of germinating within the 
first year of dispersal; the plants generally 
flower in three years and then die. 

Gorse (Ulex europaeus) 
Gorse is considered one of the most unman-
ageable weeds in the world, significantly 
affecting both native habitats and local econ-
omies (e.g., managed forestland) by forming 
impenetrable thickets that persist and thrive 
for many years (Figure 12)(ODA 2014a). A 
perennial, densely spiny shrub that can live 
for over 40 years, gorse colonization results 
in the development of large seed banks in 
underlying soils, which severely complicate 
eradication efforts. Gorse seeds, which can 
remain dormant but viable for up to 30 years, 
require scarification (damage to outer seed 
case) in order to germinate (Zouhar 2005c). 
Gorse currently infests less than 0.2% of pos-
sible area it could inhabit in Oregon but still 
costs the state an estimated $441,000 in lost 
economic activity and control measures. If it 
were to cover all susceptible lands, it would 
cost over $205 million to control.

Herb Robert (Geranium robertianum)
Herb Robert can affect native flora, with local-
ized densities of 250 plants/m2. Herb Robert’s 
roots, however, are shallow, allowing for easy 
manual control. According to ODA (2014a), 
herb Robert can invade open forest or forest 
edge habitat, and can also thrive in shady 
conditions, allowing it to directly compete 
with native understory plant communities 
(Figure 7).

Japanese eelgrass (Zostera japonica) 
The invasive status of Japanese eelgrass is 
debated. Evidence supports both its potential 
benefits and harmful effects. The following 
describes Japanese eelgrass’s positive, neg-
ative and neutral effects on the local ecosys-
tem.

Positive: Waterfowl (e.g., mallards) prefer 
grazing on Japanese eelgrass over native eel-
grass, possibly due to the higher caloric value 
and easier foraging accessibility of the former 
(Baldwin and Lovvorn 1994). 

According to Ferraro and Cole (2012), benthic 
macroinvertebrates species richness, abun-
dance, and biomass are greater in Japanese 
eelgrass beds compared with native eelgrass 
beds. 

Posey (1988) demonstrated that species 
diversity was higher in Japanese eelgrass 
beds than in adjacent unvegetated areas in 
the South Slough. Supporting Posey’s re-
sults, Javier (1987), also studying Japanese 

Figure 15. Continuous coverage of invasive Japanese eel-
grass (Z. japonica) in Willipa Bay, WA at a site that was un-
vegetated mudflat 10 years prior. Source: Fisher et al. 2011
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eelgrass habitats in the South Slough, found 
that the four most common spionids (worm 
species considered prey resources for various 
animals) were found in significantly higher 
densities in Japanese eelgrass beds compared 
to surrounding mudflats. This result supports 
the theory that Japanese eelgrass provides 
refuge for prey resources.

Negative: Able to spread through both seed 
production and vegetatively, Japanese eel-
grass roots create a dense sodlike matrix, able 
to completely cover substrate surfaces (Fisher 
et al. 2011, Posey 1988). 

In Willapa Bay, WA, Japanese eelgrass pop-
ulations remained relatively confined for 
50 years after introduction until 1998 when 
they began to greatly expand (likely surpass-
ing some critical population/reproductive 
threshold), covering large swaths of formerly 
unvegetated estuarine mudflat (Figure 14). 
Japanese eelgrass then began to outcompete 
native eelgrass (in the transition zone where 
the two species overlap) and spread into 
existing low salt marsh habitat (Fisher et al. 
2011). Coverage of unvegetated mudflats by 
Japanese eelgrass and its heavily matted root 
structures may also adversely affect burrow-
ing benthic macroinvertebrates that colonize 
open mud habitats (Posey 1988). 

Rumrill and Kerns (1991) found that juvenile 
Dungeness crabs (Cancer magister) acciden-
tally settle in Japanese eelgrass beds, at high-
er intertidal elevations than they normally 
would, leaving the young crabs more suscep-
tible to predators and desiccation. 

Neutral: Known to overlap with native eel-
grass (Z. marina) in other estuaries, Japanese 
eelgrass in the Coos estuary thus far colonizes 
discretely higher intertidal elevations (Dudoit 
2006). Fisher et al. (2011) explain that native 
eelgrass can often suppress the density of 
Japanese eelgrass in beds where the species 
co-occur. However, a critical Japanese eel-
grass population threshold may not yet have 
been reached in the Coos estuary (see Willipa 
Bay example in the Japanese eelgrass “Nega-
tive” section above).

Like the native eelgrass, Japanese eelgrass 
traps and stabilizes sediments and slows tidal 
currents to the benefit of smaller fish and 
crustaceans. Its senesced leaves contribute to 
the estuary’s detrital food web, and it radical-
ly changes the character of formerly unvege-
tated mudflats. Long-term Japanese eelgrass 
colonization can result in significantly smaller 
mean sediment grain size, significantly higher 
levels of volatile organics (an indicator of de-
tritus), and higher benthic macroinvertebrate 
density and species richness compared with 
adjacent unvegetated mudflats (Posey 1988). 

Finally, in Oregon, Pacific herring use both 
Japanese eelgrass and the native eelgrass as 
spawning substrate (Matteson 2004).

Jubata grass (Cortaderia jubata)
Frequently confused with the related invasive 
pampas grass (C. selloana), the perennial 
jubata grass can grow to 7 m (23 ft) tall. A 
single plant can grow roots that spread 3.5 
m (11 ft) deep and 4 m (13 ft) wide, easily 
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crowding out native vegetation (especially in 
native grasslands) and out-competing seed-
ling trees in timber managed areas (Figure 13)
(ODA 2014a; Marriott et al. 2013). Damaging 
even in small populations because of its rapid 
growth and formidable size, the large clump-
ing grass once established can be very difficult 
to remove (Peterson and Russo 1988). Jubata 
grass is a prolific seeder (millions of seeds per 
plant) that does not require pollination. These 
giant grass plants can spread quickly because 
their numerous seeds are light and can travel 
easily on the wind (Peterson and Russo 1988).

Knapweed or starthistle (Centaurea spp.) 
Diffuse knapweed (C. diffusa) is a highly pro-
lific plant (18,000 seeds per plant) that forms 
dense thickets in a wide range of conditions, 
including gravel banks, sandy riparian areas, 
rock outcrops, and agricultural pasture lands. 
(Figure 5). Health hazards associated with this 
species include skin irritation due to plant 
juices and bites from associated mites (ODA 
2014a, 2014b). It is an extremely difficult 
plant to manage once established. The ex-
pense associated with controlling and erad-
icating diffuse knapweed can often exceed 
the income potential of the pasture or forage 
lands it invades (Beck 2013, USFS 2014, Zou-
har 2001a). 

Meadow knapweed (C. pratensis) is a hybrid 
of brown knapweed (C. jacea) and black or 
common knapweed (C. nigra). According 
to ODA (2014a), this invader prefers moist 
open conditions such as wet pastures and 
riverbanks where it frequently outcompetes 
native and forage grasses, causing declines 

in pasture productivity. They add that once 
established, this plant is difficult to eradicate. 
Hand-pulling is a challenge due to the plant’s 
woody root crown, and long-term herbicide 
regimens are only effective if maintained for 
many years.

Meadow knapweed’s current annual econom-
ic impact to the State of Oregon is estimated 
at $146,000. However, at present it only cov-
ers 1% of possible habitats. If it were to infest 
all potential habitats, it could cost the state 
over $15 million per year (ODA 2014b).

Spotted knapweed (C. stoebe formerly C. 
maculosa), one of the most dominant weeds 
in the western US, spreads primarily by seed 
but can also spread vegetatively by sprouting 
lateral shoots (Beck 2013; Zouhar 2001b). 
This species releases a toxin into the soil that 
hinders growth of neighboring vegetation, 
reducing competition from native species 
(USFS 2006d). Considered a serious threat 
to Oregon rangelands, this perennial plant 
is able to live nine years (Zouhar 2001b). 
Spotted knapweed’s estimated economic 
impact to Oregon thus far is limited ($33,000) 
but could grow. Luckily for Oregon’s coastal 
communities, however, habitat suitability for 
spotted knapweed west of the coast range is 
scarce (ODA 2014b).

Yellow starthistle (C. solstitialis) is a prolific 
seed producer, thrives in full sunlight in areas 
of summer drought, and can grow 3-6 ft (0.9-
1.8 m) tall (OSU 2008c). A single plant is able 
to produce 150,000 seeds (OSU 2006) which 
can remain viable in the soil for 10 years 
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(Callihan et al. 1993). According to Zouhar 
(2002), yellow starthistle taproots can grow 
deep enough (more than 3 ft) so that heavy 
infestations can lower the local soil water ta-
ble below the root zone of most native plants, 
adversely affecting those plant communities. 

Yellow starthistle can cause livestock injury 
(chewing disease) especially in horses. Cur-
rently this plant costs Oregon an estimated 
$775,000 per year to control. Costs could 
reach nearly $28 million if this species cov-
ered all possible lands in Oregon with suitable 
habitat (ODA 2014b).

Knotweeds (Polygonum spp.)
There are four knotweeds known in the proj-
ect area: Himalayan (P. polystachyum), giant 
(P. sachalinense), Japanese (P. cuspidatum) 
and Bohemian (P. bohemica), which is a hy-
brid between giant and Japanese knotweeds 
(Figure 12). Knotweeds form dense thickets 
along water edges, outcompeting native 
riparian species (ODA 2014a). According to 
ODA (2014a), knotweeds can grow new plants 
vegetatively from any part of the plant, above 
or below ground, making proper disposal of 
cuttings imperative for preventing its spread. 
Once established, knotweeds are extremely 
costly and time consuming to control, much 
less eradicate. Giant, Japanese and Bohemian 
knotweeds all produce extensive rooted mats 
that hinder any kind of growth from other 
plant species (Steiger 1957, Weber 1987, 
Lema 2007). 

Giant knotweed is the largest of the knot-
weeds, growing to 13 ft (4 m) tall, with 1 ft 

(0.3 m) long leaves, and able to spread via rhi-
zomes (i.e., rootstock) up to 65 ft (20 m) lat-
erally (ODA 2014a). Slightly smaller, Japanese 
knotweed grows up to 10 ft (3 m) tall with 
6 inch (15 cm) long leaves and can tolerate 
adverse conditions such as high temperature, 
salinity, drought, or full shade (USFS 2004). 
Himalayan knotweed, the least shade tolerant 
species, is even smaller growing to 6 ft (1.8 
m) tall and has narrow leaves 4-8 inches (10-
20 cm) long (ODA 2014a).
 
Meadow knapweed (Centaurea pratensis) 
See ‘Knapweeds and Starthistle’ above.

Milk thistle (Silybum marianum)
A large thistle, milk thistle can grow 10 ft 
(3 m) tall and 5 ft (1.5 m) in diameter (OSU 
2006). Since it can grow so large and spread 
so rapidly, OSU (2006) notes that livestock 
can be entirely displaced in pastures that are 
heavily infested with milk thistle. 

Old Man’s Beard (Clematis vitalba)
Similar to English ivy, old man’s beard is a 
woody climbing vine that can grow up to 100 
ft (30 m) long, and can blanket entire trees or 
smother native ground cover (Figure 8). Indi-
vidual plants can produce over 100,000 seeds 
per year, which are then easily transported 
by wind, water or animal. Further enhancing 
its ability to spread, small vine sections can 
regenerate into entirely new plants (ODA 
2014a).

Parrot’s feather  (Myriophyllum aquaticum) 
See ‘Watermilfoil’ below
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Pennyroyal (Mentha pulegium)
Pennyroyal, member of the mint family, oc-
curs in most coastal Oregon counties (Cal-IPC 
n.d.). Thought to be widespread and invasive 
in some Oregon freshwater wetlands, it is 
difficult to control once established (NPSO 
2008). Found primarily in seasonally flood-
ed, disturbed sites (e.g. pastures or riparian 
areas), pennyroyal’s capacity to displace 
native plants is uncertain, but it is considered 
a problem species for ranchers since it can 
poison livestock (Cal-IPC n.d.).

Poison hemlock (Conium maculatum)
A member of the carrot family, poison hem-
lock is an extremely poisonous plant that 
inhabits pastures and irrigation ditches, grow-
ing 3-7 ft (0.9-2.1 m) tall (ODA 2014a).

Policeman’s Helmet (Impatiens glandulifera)
Policeman’s helmet can form dense stands in 
moist open areas (e.g., riparian zones)(Figure 
8)(ODA 2014a). Individual plants can release 
up to 800 seeds per seed capsule, which ex-
plode when mature; in riparian areas, seeds 
are then easily transported downstream (ODA 
2014a). 

Portuguese Broom (Cytisus striatus) 
Portugese broom outcompetes native scrub/
shrub vegetation (particularly in commercial 
timberland) and provides no food for native 
wildlife. Individuals can reach sizes of 20 ft (6 
m) in width, with trunk diameters of 14 inch-
es (35.5 cm). Easy to confuse with the much 
more common Scotch broom, Portuguese 
broom seed pods are covered in thick white 
hair, similar to willow buds (ODA 2014a). See 

“Scotch Broom” below for more information 
on broom species.

Purple loosestrife (Lythrum salicaria)
Purple loosestrife is a perennial plant that 
spreads vegetatively by rhizomes (i.e., root-
stock), or with seeds that disperse in water 
(Figure 13). This highly invasive freshwater 
wetland plant quickly colonizes disturbed ar-
eas and can create dense single-species thick-
ets in wetlands and riparian edges, adversely 
affecting habitat availability for waterfowl and 
songbirds (Munger 2002, ODA 2014a). 

A prolific seeder, Purple loosestrife seed 
capsules burst at maturity projecting two to 
three million seeds per year per plant that 
disperse by water or wind and can remain 
viable for up to three years (Munger 2002, 
USFS 2005e). Rhizome spread is about a foot 
per year and long-established plants can be 
shrubby, growing up to 10 ft (3 m) tall and 5 ft 
(1.5 m) wide (USFS 2005e, Munger 2002). 

Purple loosestrife currently costs the state 
an estimated $12,000 to control. Luckily, this 
wetland invader is unlikely to reach its full 
biological potential in Oregon due to success-
ful (achieves 50-95% reduction in established 
populations) and approved biological control 
measures (ODA 2014b).

Locally, CoosWA has since 1999 released 
over 41,000 biological control agents (two 
beetle species and two weevil species) at 23 
of 70 purple loosestrife-infested sites in the 
project area. The release sites ranged in size 
from 0.5 to over 5 acres, large enough to 
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support viable beetle and weevil populations 
for effective purple loosestrife control. Each 
biological control release consists of 500-1000 
beetle or weevil species which the USDA and 
ODA carefully selected over many years to 
ensure they only attack purple loosestrife (A. 
Brickner, pers. comm. 2015). 

CoosWA partners with ODA and USDA Animal 
and Plant Health Inspection Service to obtain 
the beetles and weevils, which attack many 
parts of the plant including leaves, buds, 
roots, and seeds. The insects are released in 
the late summer and monitored by CoosWA 
staff each season for effectiveness. Several 
releases and many years may be required 
before results are evident but the beetles 
and weevils have proven to be effective for 
controlling and sometimes eradicating purple 
loosestrife locally and throughout the coun-
try. So far, these insects have helped CoosWA 
staff nearly eradicate purple loosestrife from 
a two-acre site. At Coos WA’s other release 
sites, the insects have controlled purple 
loosestrife populations to varying degrees; 
the insects’ effectiveness is oftentimes influ-
enced by the presence of tidal flooding at the 
site (A. Brickner, pers. comm. 2015).

Redtop grass (Agrostis gigantean)
This non-native perennial grass has been 
widely introduced as pasture grass and 
thrives in meadows and grasslands, but also 
frequently occurs in open riparian areas 
(Carey 1995). Red top grass is common and 
can create single species patches but is not 
considered an invasive grass (Huang and del 
Moral 1988). 

Reed canary grass (Phalaris arundinacea) 
There is some confusion as to the native sta-
tus of this perennial grass. It’s likely native to 
parts of North America, but has been cultivat-
ed for livestock fodder with non-native strains 
and is now considered an invasive plant that 
is a major threat to natural freshwater wet-
lands (Figure 13)(Apfelbaum and Sams 1987, 
Lavergne and Molofsky 2007). 

An aggressive invader, reed canary grass 
quickly spreads both vegetatively (by creep-
ing rhizomes (i.e., rootstock)) and by seed 
(individual seed heads can produce up to 
600 seeds). Reed canary grass seeds can 
germinate immediately after dropping with 
no dormancy requirements (Apfelbaum and 
Sams 1987, Tu 2004). 

Associated with a reduction in native plant 
species richness, reed canary grass often 
approaches 75-100% cover in the areas is in-
vades (Houlahan and Findlay 2004, Mulhouse 
and Galatowitsch 2003). As an example, an 
Oregon study by Schooler et al. (2006) found 
that native species abundance declined expo-
nentially with increasing cover of reed canary 
grass. Likewise, along the Willamette River in 
Oregon, Fierke and Kauffman (2006) found 
that reed canary grass abundance was neg-
atively correlated with species richness and 
understory species diversity in established 
riparian forest stands.

Perkins and Wilson (2005), found a strong 
negative correlation between native plant 
community diversity in beaver-dammed 
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wetlands along the Oregon coast and reed 
canary grass infestations. They suggest that 
the cyclical nature of disturbance associated 
with beaver dam abandonment/beaver pond 
draining provides ideal opportunities for reed 
canary grass invasions, chronically suppress-
ing natural wetland communities.

Animals are also adversely affected by reed 
canary grass. In a study by Spyreas et al. 
(2010), wetland plant diversity and abun-
dance of Homoptera insects (true bugs such 
as shield bugs and leafhoppers) decreased as 
reed canary grass populations increased. 
Reed canary grass is extremely difficult to 
completely eradicate once established. Me-
chanically removed red canary grass stands 
quickly grow back from seed stocks and rhi-
zomes remaining in the soil. Apfelbaum and 
Sims (1987) describe how reed canary grass 
continued to persist even as test plots were 
clipped to ground level and covered with 
black plastic for two growing seasons. How-
ever, since this species requires full sunlight, 
Kim et al. (2006) found that reed canary grass 
populations decreased 68% within two years 
by being shaded by willow plantings. 

Scotch broom (Cytisus scoparius)
Scotch broom is a perennial shrub that can 
grow to 8 ft (2.5 m) tall in almost any soil 
type. It is considered the worst nuisance 
plant on Oregon forest lands, substantially 
increasing costs associated with timber land 
re-forestation (Figure 13). Once established, 
scotch broom is difficult to control, costing 
an estimated $47 million dollars annually in 
lost timber production and control costs (ODA 

2014a). In Oregon and Washington, complete 
stand failure of Douglas-fir plantings has oc-
curred due to Scotch broom infestations (Pe-
terson and Prasad 1998). Scotch broom also 
displaces native colonizing species in multiple 
habitat types (e.g., forestlands or dunes), in 
both disturbed and undisturbed areas (ODA 
2014a). 

Scotch broom spreads by seed. Typically, a 
handful of seeds are projected from its seed 
pods, dispersing an average of 3 ft (0.9 m) 
from the parent plant (Zouhar 2003). Bossard 
(2000a) estimates seeds can remain viable 
in the soil for 30 years. They add that nearly 
100% of seeds are viable but dormant when 
released from the pod, requiring scarification 
(damage to the seed coat) in order to allow 
water to penetrate and the seed to germi-
nate. The environmental conditions required 
to release dormancy are not yet understood. 

Along with seed production, brooms can 
sprout from root stumps following damage 
(e.g., from mowing or fire)(Zouhar 2005a).

Slender flowered thistle (Carduus tenuiflo-
rus)
Slender flowered thistle can grow to 6 ft (1.8 
m) tall, invade disturbed areas (e.g., vacant 
lots, old fields) and reduce forage productivity 
of less healthy pastures. However, it rarely 
overtakes healthy grasslands or native vege-
tation (DiTomaso and Healy 2007). Plants can 
produce as many as 20,000 seeds annually, 
which can remain dormant but viable in the 
soil for up to 10 years (Marriott et al. 2013).
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Spanish Heath (Erica lusitanica)
Spanish heath is extremely prolific, able to 
produce nine million seeds per plant. It can 
create thick single-species stands in disturbed 
areas, potentially affecting Coos County 
timber and pasture lands (Figure 8). Since 
mowing has no lasting effect on controlling 
Spanish heath (plants do not die, just re-vege-
tate horizontally, creating dense mats), costly 
herbicide applications are expected to be the 
only method available for effectively con-
trolling this invasive species (French 2009). 

Spiny cocklebur (Xanthium spinosum) 
Found in a variety of disturbed habitats, 
ingestion of Spiny cocklebur seedlings can be 
fatally toxic to livestock. Spiny burs can cling 
to animals and humans or float on water in 
order to disperse (DiTomaso et al. 2013).

Spotted Knapweed (Centaurea stoebe for-
merly C. maculosa)
See ‘Knapweeds and Starthistle’ above.

Spurge (Euphorbia spp.)
Both oblong and leafy spurges (E. oblongata 
and E. esula) are highly toxic to livestock and 
irritating to human skin and eyes. The spurg-
es’ milky sap contains the toxin ingenolis (St. 
John and Tilley 2014). Ingenolis is potent 
enough to cause blistering and hair loss 
around horses’ hooves put in recently mowed 
pastures infested with leafy spurge (Gucker 
2010).

Leafy spurge’s massive root system can vege-
tatively reproduce (even when pieces are very 
small, partially dried and deeply buried), and 

can extent to nearly 15 ft (4.5 m) deep (Gu-
cker 2010). This, along with its highly prolific 
seeding capability and its ability to establish 
itself in both disturbed and undisturbed sites 
in a variety of habitats, allows leafy spurge 
to successfully outcompete native vegetation 
(Gucker 2010, St. John and Tilley 2014). 

Once established, leafy spurge is very difficult 
to eradicate. In fact, the Canadian Botanical 
Association ranked leafy spurge as 6th of 81 
invasive species seriously affecting natural 
habitats in Canada (St. John and Tilley 2014, 
Catling and Mitrow 2005 as cited in Gucker 
2010). Cattle will not graze in areas where 
leafy spurge is 10% cover or greater, degrad-
ing pasture carrying capacity by 50-75%. Leafy 
spurge currently costs the state an estimated 
$17,000 per year to control, but has only just 
gained a foothold (0.2% of likely habitats are 
currently infested). If it spread to its maxi-
mum potential, leafy spurge control measures 
could cost the state over $65 million per year 
(ODA 2014b).

Well adapted to a wide variety of habitats, 
in western Oregon, oblong spurge thrives in 
moist grassy bottomlands (including pastures) 
and sunny riparian areas, out-competing na-
tive vegetation. Oblong spurge is also a showy 
perennial herb cultivated commercially as an 
ornamental plant (ODA 2014a). 

St. John’s wort (Hypericum perforatum) 
St. John’s wort is commonly found growing on 
disturbed lands (e.g., roadsides, agricultural 
sites). Once established, St. John’s wort will 
decrease forage productivity in pasture lands 
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and poison livestock with a photosynthesiz-
ing chemical (hypericin) that causes blisters, 
blindness or swelling of the animal’s mouth, 
preventing them from grazing or drinking 
(Crompton et al. 1988, Zouhar 2004b). St. 
John’s wort is a prolific seeder (up to 34,000 
seeds per plant)(Crompton et al. 1988). How-
ever, seedlings are slow growing, especially 
during summer drought conditions, making 
them susceptible to competition from other 
plant species (Tisdale et al. 1959, Campbell 
1985). 

Perhaps this plant’s most problematic effects 
are loss of grazing capacity in pastures where 
it takes over. Sampson and Parker (1930) 
reported that St. John’s wort shades out de-
sirable pasture vegetation and removes large 
quantities of moisture from the soil. Seedling 
survival of St John’s wort for most years is 
extremely low, because the plant is unable to 
tolerate summer drought conditions. How-
ever, due to the sizable and persistent seed 
banks associated with St. John’s wort infes-
tations, this plant’s populations can remain 
dormant for many years, only to expand rap-
idly through seed germination to cover large 
areas during wetter years.

Sweet Fennel (Foeniculum vulgare)
Sweet fennel is a perennial that invades open 
disturbed areas like roadsides and coastal 
scrub land, sometimes developing into dense 
stands that can displace native flora. It can 
grow to 10 ft (3 m) tall (DiTomaso et al. 2013).

Tansy Ragwort (Senecio jacobaea)
Tansy Ragwort is a poisonous member of the 

sunflower family. All parts of tansy ragwort 
are poisonous, causing lethal liver damage 
to most livestock if consumed. Normally 
biennial (lives 2 years), mowed or damaged 
plants will continue to regrow until seeds are 
produced. A prolific seed producer (200,000 
seeds per plant), tansy ragwort seeds can last 
15 years in the soil and still remain viable. 
Tansy ragwort is able to grow 6 ft (1.8 m) tall 
with a taproot that penetrates the soil up to 1 
ft (0.3 m) deep, and requires open, disturbed 
habitat to become established (OSU 2008b). 
Prior to an extremely successful biological 
control program begun in the 1960’s using the 
cinnabar moth, tansy ragwort flea beetle, and 
a seed head fly, Oregon lost over $5 million 
per year in control and lost productivity costs. 
Since then, cattle losses from tansy ragwort 
poisoning have become rare and lost produc-
tivity costs have decreased to an estimated 
$115,000 per year (ODA 2014b). It should 
be noted, however, that changing climate 
conditions may favor tansy ragwort growth 
while limiting productivity of the beneficial 
insects used to control the plant, thus helping 
tansy ragwort populations rise once again in 
western Oregon (OSU 2011).

Velvetleaf (Abutilon theophrasti)
Generally only invasive in very disturbed 
areas, velvetleaf has become a serious threat 
to orchard and croplands (USFS 2006e). Seeds 
from this species can lie dormant in soil for 
over 50 years (USFS 2006e).

Watermilfoil (Myriophyllum spp.)
Eurasian watermilfoil (M. spicatum) and Par-
rot’s feather (M. aquaticum) are two freshwa-
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ter aquatic plants that colonize slow moving 
water (e.g., lakes, ponds), forming dense 
mats on the water’s surface (Figure 12). Both 
species can thrive in eutrophic (excessive 
nutrient) conditions.

Parrot’s feather can grow up to a foot above 
the surface of the water, resembling small fir 
trees, while Eurasian watermilfoil forms long 
(up to 5 ft [1.5 m]) intertwining stems that 
grow near the water’s surface. Infestation of 
either species reduces fish production and na-
tive plant diversity, helps increase mosquito 
populations, and is a general nuisance for rec-
reational users (e.g., swimmers and boaters)
(ODA 2014a).

Woolly Distaff Thistle (Carthamus lanatus) 
An especially significant nuisance in pasture 
lands, woolly distaff thistle can grow to 4 ft 
(1.2 m) tall and remain rigid and upright even 
after it dies, creating a formidable barrier to 
grazing livestock (OSU 2006). French (2010) 
notes that dense infestations can also clog 
harvesting equipment. Woolly distaff thistle 
seeds remain viable for up to 10 years, creat-
ing the need for aggressive control measures 
in established populations and prevention 
strategies on susceptible lands to maintain 
productive grazing lands (French 2010). 

In the 1980s, the ODA Weed Program suc-
cessfully implemented a woolly distaff thistle 
prevention campaign, which has kept the 
wooly distaff thistle infestation to less than 
four acres in Oregon. This success translates 
to an estimated economic impact of less than 
$500 per year. In the absence of the sustained 

state-wide early-detection program, woolly 
distaff thistle control measures are estimat-
ed to cost over $164 million per year (ODA 
2014b).

Yellow Flag Iris (Iris pseudacorus)
Yellow flag iris is an aquatic plant that can 
thrive in a wide range of environmental 
conditions (e.g., fresh to brackish waters, wet-
lands, rocky shores, stream banks or ditches) 
and can form dense impenetrable thickets 
that displace native vegetation and alter 
habitat for animals (Figure 8)(USFS 2006c). Its 
buoyant seeds allow widespread dispersal by 
water. Yellow flag iris can also propagate veg-
etatively by rhizome (i.e., rootstock), creating 
laterally spreading clones that displace native 
aquatic vegetation (Stone 2009; USFS 2006c). 

Yellow Glandweed (Parentucellia viscosa)
This annual hemiparasite (obtains some nu-
trients from a host plant) invades coastal wet-
land prairies and pastures, thriving especially 
in dune wetlands (Pickart and Wear 2000). A 
1996 study in Humboldt Bay dunes habitat 
by Pickart and Wear (2000) found that yellow 
glandweed is a prolific seeder (12,000 seeds 
per plant) allowing an extensive seed bank 
to build in underlying soils. However, native 
plant species did not appear to be affected by 
the presence of yellow glandweed, suggesting 
that this non-native plant is not particularly 
invasive. 

Yellow Starthistle (Centaurea solstitialis)
See ‘Knapweeds and Starthistle’ above.
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Summary

 � Monitoring of striped bass and 
American shad in the Coos estuary 
have largely been suspended since 
populations of both non-native fishes 
has sharply declined since their height 
in the 1940s and 1950’s.

 � Invasive nutria cause substantial 
economic and ecological harm to 
coastal communities. All indications 
suggest populations are strong in the 
project area.

Striped bass

Nutria                

Figure 1.  ODFW’s American shad 
and striped bass data collection sites. 
Figure shows fewer sites than were 
actually sampled since not all ODFW 
sites included lat/long information. 

Invasive and Non-native Vertebrates 
in the Lower Coos Watershed
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What’s Happening?

This data summary describes available infor-
mation regarding the three most economical-
ly and ecologically important non-native ver-
tebrate species found in the project area: two 
fish species, American shad (Alosa sapidissi-
ma) and striped bass (Morone saxatilis), and 
one large rodent, nutria (Myocastor coypus).

American shad 
Alosa sapidissima
The Coos basin once supported major year-
ly runs of American shad each spring; large 
enough to support a commercial fishery 
in southwestern Oregon (Rothman 1968). 
Shad populations have now dwindled to the 
point that the run does not occur every year.  
Starting in the late 1950’s, a large bacterial 
outbreak began infecting American shad 
populations during the spawning season in 
southern Oregon coastal streams (including 
the Coos watershed), causing large adult shad 
population losses (Rothman 1968). Rothman 
suggests this was the beginning of the sharp 
decline in American shad populations along 
the southern Oregon coast. A very small 
recreational fishery (several anglers/year) 
still exists for shad in the Coos watershed (G. 
Vonderohe, pers. com. 2015). 

By contrast, in the Columbia River, American 
shad still represent the largest anadromous 
spawning run, outnumbering all native 
salmon (wild and hatchery combined), with 
spawning adults estimated at 4-8 million in 
recent years (Hasselman et. al. 2012b). 

For nearly 30 years (1965-present), the Ore-
gon Department of Fish and Wildlife (ODFW) 
conducted long-term fish monitoring, ini-
tially targeting both juvenile American shad 
and striped bass. Emphasis on those species 
ended in 2006 as their populations declined; 
monitoring efforts were re-focused to Chi-
nook salmon populations. However, inciden-
tal catch data on the two non-native fishes 
are still recorded when caught. Due to the 
shift in focus, it should be noted that seining 
efforts were not identical in all years (e.g., 
sites were missed at different years).

According to the ODFW database (2013), 
American shad were found throughout the 
estuary, most often and in the highest num-
bers at Station 63 on the South Fork Coos 
River (Figure 1).  They were most recently 
captured in 2008 at the same station. The age 
class most frequently captured was juveniles, 
often in exceedingly high numbers (500 – 
1,000 in one seine was not uncommon, with a 
high of 2,500 juvenile shad caught in a single 
seine). Some (generally two or less per seine) 
intermediates and adults were also caught.  

A related ODFW study (2009) monitored 
American shad and striped bass over-win-
tering populations in Catching and Isthmus 
Sloughs from 1979 to 1998. Researchers set 
overnight gillnets in late spring (April-June) at 
four sites in Catching and five sites in Isthmus 
Sloughs. Small numbers (<10) of shad were 
found each year. 
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Other American shad population information:

 �  Carlton (1989) listed shad as “abundant” 
in the South Slough National Estua-
rine Research Reserve (SSNERR)(Figure 
1). Although no targeted studies have 
reassessed the SSNERR population since 
that report, it’s likely the populations in 
South Slough have declined like the rest 
of the Coos estuary. This is supported by 
preliminary findings from a fish assem-
blage study of the South Slough estuary. 
Between July 2015 and June 2016 only 15 
American shad have been caught.

 � An older study by Anderson (1985) found 
that American shad larvae outnumbered 
striped bass larvae 10 to one, and that 
American shad juveniles outnumbered 
those of striped bass 335 to one in 1983, 
and 585 to one the following year in the 
Coos River (Figure 1).

American shad were intentionally introduced 
from their native US east coast habitats to the 
Pacific coast habitats in 1871 when 10,000 
fry were released into the Sacramento River, 
CA (Hasselman 2012b). Subsequent introduc-
tions to the Sacramento River occurred over 
the next 10 years, totaling 574,000 fry (Has-
selman 2012b). 

Five years after their initial introduction to 
the Sacramento River, shad were being found 
in the Columbia River, (Hasselman 2012b). 
Numbers soon increased when nearly 1 mil-
lion shad fry were transplanted to the Colum-
bia River basin in the mid 1880’s (Hasselman 
2012b). By the late 1800’s, shad were found 

throughout Oregon estuaries.

Like salmon, American shad are anadromous. 
They spend a year in the estuary as juveniles 
and adults spend 3-6 years in the ocean be-
fore returning to their natal stream to spawn 
(Pearcy and Fisher 2011). In the Coos estuary, 
adults return to spawn in May and June, and 
juveniles use the rivers and estuary as nursery 
habitat (August-November) before returning 
to the ocean (Monaco and Emmett 1990). 
As a zooplankton-consuming species with 
a similar diet to Chinook salmon, American 
shad compete with native species for food 
and space (Hasselman 2012a). Large numbers 
of shad on the Columbia River have created 
migratory delays for native fish due to shad’s 
dense accumulation at the base of hydro-
electric dam fish ladders (Hasselman 2012a). 
In addition, shad are parasitic hosts that can 
inadvertently increase population densities 
and ranges of parasites that also infect native 
fish species (Hasselman 2012a). For example, 

Background

Non-native species – also called “alien” 

species, this is a species that has been 

introduced (either intentionally or acciden-

tally) to a location outside its native range.

Invasive species – a non-native species 

that aggressively outcompetes native spe-

cies or causes significant economic loss.

Source: Clinton 1999
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Hasselman (2012a) describes how a para-
sitic nematode was historically restricted to 
marine waters where its native herring host 
lived, until shad caused an ecological expan-
sion of the parasite into freshwater systems.

On the other hand, American shad, can also 
alleviate avian and mammalian predation on 
native fish, including salmon, by virtue of the 
attractiveness of their population densities to 
predators (Hasselman 2012a). 

Striped bass 
Morone saxatilis
In 1914, some 35 years after striped bass 
were intentionally released in the San Fran-
cisco estuary as a commercial fish species 
imported from the US east coast, the first 
striped bass were caught in the Coos estuary.  
By the mid-1920’s striped bass populations 
were robust enough to support a commer-
cially fishery here (Parks 1978, Waldman et 
al. 1998). By 1945, adult striped bass popula-
tions peaked at an estimated 69,000 individ-
uals in southwestern Oregon (Parks 1978, 
Waldman et al. 1998). 

Since then, striped bass populations have 
declined drastically; fewer than 1,000 adults 
were counted during monitoring in the 1990’s 
(Waldman et al. 1998).

According to Moyle (2002), San Francisco 
continues to maintain the highest striped 
bass breeding population on the west coast. 
In southwestern Oregon, striped bass popu-
lations are the greatest in the Umpqua and 
Coquille river estuaries (based on angler 

effort and catch data)(G. Vonderohe, pers. 
com. 2015).

Although they are considered an anadromous 
fish on the west coast, striped bass spend 
much of their life in the estuary.  Striped bass 
are also opportunistic and voracious preda-
tors, feeding on juvenile salmon and other 
small native fish (e.g., anchovies) and inverte-
brates (e.g., bay shrimp)(Moyle 2002).

Striped bass are still a highly regarded sport 
fishing species in Oregon despite the com-
mercial fishery having closed years ago. 

During ODFW’s long-term fish monitoring 
program (2013)(described above under Amer-
ican shad), striped bass (both hatchery and 
wild) were found throughout the estuary, 
most often and in the highest numbers at sta-
tion 63 on the South Fork Coos River (Figure 
1).  Striped bass were most recently captured 
in 2000 at the same station. After 2000, no 
striped bass were caught, despite the same 
stations being sampled specifically for striped 
bass and shad until 2006. The age class most 
frequently captured was juveniles (sometimes 
by the hundreds), followed by intermediates 
and then adults.

Winter gillnetting by ODFW (also described 
above) found that overwintering striped bass 
in Catching and Isthmus Sloughs fluctuated by 
year and month captured. Striped bass gener-
ally represented a higher catch rate compared 
to American shad. 

Anderson (1985) examined striped bass pop-
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ulations in the Coos River and estimated 912 
wild striped bass in the Coos River system in 
1983 and 1,003 in 1984. Anderson also found 
that American shad larvae outnumbered 
striped bass larvae 10 to one and American 
shad juveniles outnumbered striped bass 335 
to one in 1983 and 585 to one in 1984. The 
majority of striped bass juveniles (hatchery 
and wild) were found in the South Fork Coos 
River – the majority of those at site #6 (Figure 
1). No wild juveniles were found on the Milli-
coma River.  

Curiously, the Coos population of striped 
bass has unprecedented high levels of her-
maphroditism (one individual has both male 
and female reproductive organs), a condi-
tion that is exceedingly rare in striped bass 
populations in their native range. (Waldman 
et al. 1998). Waldman and colleagues (1998) 
speculate that this anomaly is likely due to 
a genetic bottleneck from the few founders 
that strayed to the Coos estuary from San 
Francisco Bay. This, along with subsequent 
declines in the Coos population caused rare 
genes (which expressed themselves through 
hermaphroditism) carried by the remaining 
individuals to pass on their genes to offspring, 
which subsequently caused the gene to 
spread throughout the population. 

However, Elgethun and colleagues (2000) pos-
tulate that elevated levels of contaminants 
such as tributyltin accumulate in striped bass 
(a higher order predator), causing reproduc-
tive anomalies. Elgethun’s team measured 
butyltin exposure of fish in the Coos estuary 
and found that striped bass caught in Catch-
ing Slough had elevated concentrations of 

tributyltin (110 µg/kg) and total butyltins 
(130 µg/kg)(Figure 1). Striped bass from 
Isthmus Slough were also measured and had 
lower concentrations the same sampling year 
(1992) at 40 µg/kg and 50 µg/kg respectively.

Nutria
Myocastor coypus 
There is very little information currently avail-
able with which to estimate nutria status and 
trends in the project area.  Resource manag-
ers understand from anecdotal observation 
and the studies described below that nutria 
continue to be a growing problem on Ore-
gon’s south coast.  One contributing factor to 
nutria’s spread especially in western Oregon 
is their preference for regions with mild win-
ters such as the Oregon coast. According to 
LeBlanc (1994), summer densities in Oregon 
can range as high as 56 animals per acre.

The US Geological Survey’s (USGS) Nonin-
digenous Aquatic Species program, consider 
nutria to be established in the following 
project area subsystems at least since 2007: 
Coos River, Isthmus Slough, Haynes Inlet, 
South Slough, Upper Bay, and in the  Lower 
Bay along the North Spit (USGS 2015).  

While there’s currently no standard protocol 
used to assess nutria distribution or abun-
dance in Oregon, Sheffels and Sytsma (2007) 
created a distribution map based on ODFW 
wildlife biologists’ best estimates for nutria 
density at the 6th field HUC watershed scale 
(Figure 2). According to Sheffels and Sytsma, 
nutria densities in the project area subwater-
sheds are considered to be medium (11-100 
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individuals/subsystem) in North Slough, 
Haynes Inlet, Coos River, Catching Slough, 
Isthmus Slough, and South Slough subsys-
tems and high (>100 individuals/subsystem) 
in Pony Slough, Upper Bay, and Lower Bay 
subsystems.

Witmer and Lewis (2001) describe nutria as 
a large semi-aquatic rodent, first introduced 

in Lincoln and Tillamook Counties, in the 
late 1930’s for fur farming.  Due to nutria 
fur farming’s low economic returns, it was a 
short-lived industry with lasting consequenc-
es. Many failed nutria farmers released their 
nutria stock into the wild where they soon be-
came naturalized. With the ability of female 
nutria to produce 2-3 litters per year and 
4-5 offspring per litter, nutria have become 

Figure 2. Estimated relative nutria den-
sities in Oregon watersheds. Modified 
from: Sheffels and Sytsma 2007.
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exceedingly abundant in the wild, especially 
in central and western Oregon (Sheffels and 
Sytsma 2007, Wentz 1971, citations within 
Sheffels 2013).

Nutria cause numerous ecological and so-
cio-economic problems. They cause soil ero-
sion, reduced water quality, damage to native 
flora, structural damage to channel banks and 
levees, and are carriers of diseases and para-
sites that can pass to humans, livestock and 
pets (e.g., rabies)(Witmer and Lewis 2001).  

Nutria can denude vast areas of vegetation 
through foraging and creating grooming 
platforms, trails, and dens (citations with-
in Witmer and Lewis 2001).  Meyer (2006) 
found that nutria selectively feed on forbs 
(non-grass herbaceous vegetation) in coastal 
Oregon wetland habitats and have denuded 
large areas of both natural and restored tidal 
wetlands in South Slough (Cornu, pers. com. 
2015).

Meyer also documented  considerable bank 
erosion in areas with nutria populations com-
pared to areas without nutria. The associated 
excess turbidity in adjacent waters, affecting 
fish species. 

Perhaps most importantly to coastal econ-
omies, nutria significantly destabilize and 
ultimately destroy waterway structures (e.g., 
dikes and levees) when they burrow into 
banks (Sheffels and Sytsma 2007). These 
sometimes extensive burrows can extend 
up to 18’ in length and 2’ in diameter, and 
include complex interconnecting passages 
(Link 2004). 
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Invasive and Non-native Terrestrial 
Invertebrates in the Lower 
Coos Watershed
Summary:   

 § Although no invasive terrestrial 
invertebrate populations are currently 
established in the project area, experts 
have identified the forests of western 
Oregon as a high risk ecosystem for 
invasion; continued monitoring is 

What’s Happening?

While many benign non-native terrestrial 
invertebrates (insects) are established in the 
project area, none are currently considered 
invasive; that is, no non-native insects are 
known to be responsible for local ecological 
or economic damage, or threaten human 
health. However, it’s important to note that 
the risk of future invasive insect introductions 
is very real. In part because, like any commu-
nity, the Coos Bay area is exposed to invasive 
species introduction through any number of 
“vectors.”  These include the transport of fire-
wood, living plants, and freight packed wood-
en packaging material (see sidebar below).

Emerald  ash borer Photo: emeraldashborer.info

Asian long-horned beetle deposits eggs in fire-
wood. Photo: Environmental News

needed.

 § Invasive terrestrial invertebrates 
are potentially costly economic and 
ecological threats to the project area 
even beyond potential threats to locally 
harvested tree species.
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Due to the abundance of tree cover and the 
economic importance of the local timber 
industry, this section focuses on non-native 
wood boring insects that represent the larg-
est potential economic and ecological threats 
to the project area. These species include 
the emerald ash borer (Argrilus planipen-
nis), Asian long-horned beetle (Anoplophora 
glabripennis), gypsy moth (Lymantria dispar 
spp.), and balsam woolly adelgid (Adelges 
piceae)(Table 1).  None of these species are 
currently established in the project area.  
However, should they become established 
locally, they would pose significant threats. 

Emerald Ash Borer 
Argrilus planipennis
The emerald ash borer, native to eastern 
Russia, northern China, Japan, and Korea 
(McCullough and Usborne 2011; OSU 2011), 
was first detected in Detroit, Michigan in 
2002. Since detection, the emerald ash borer 
has spread gradually and is now found in 
25 states and two Canadian provinces. The 
westerly extreme of its range has reached 
Colorado. Although the emerald ash borer 
is not currently found in Oregon, experts 
believe that the future introduction of this 
species could result in potentially tremendous 
economic and ecological costs (OSU 2011).

Experts believe that the emerald ash borer 
was inadvertently introduced to North Amer-
ica when infested wood was used in crates 
or stabilizing cargo in ships (McCullough and 
Usborne 2011; Carlson and Verschoor 2006). 
Adult emerald ash borers deposits eggs in the 
crevices of true ash trees (i.e., Fraxinus spp.). 

How Invasive Insects Are Spread

Invasive insects can spread through a vari-

ety of mechanisms, including the long-dis-

tance transport of wooden goods, plants, 

or trees. For example, the interstate trans-

portation of firewood and other wooden 

goods (e.g., patio furniture, pallets) can 

spread invasive wood-boring insects.  

Similarly, the use of wooden packaging 

materials (e.g., crates,  wood shavings, 

wooden supports) may encourage the 

spread of these same species. In addition 

to the transport of wooden goods, the 

spread of insects may be facilitated by the 

movement of ornamental plant species 

and nursery stock. 

Source: USDA 2006, 2015; OSU 2011

After emergence, insect larvae damage or kill 
their host trees by consuming the tree’s cam-
bium (i.e., layer of live inner bark), interrupt-
ing the flow of nutrients throughout the tree 
(Carlson and Verschoor 2006; OSU 2011). 

Emerald ash borer damage has been exten-
sive in the eastern United States. Kovacs and 
colleagues (2010) estimate that emerald ash 
borer infestations have caused approximate-
ly $10.7 billion in damage, resulting on the 
removal or replacement of approximately 
17 million ash trees by 2019 in the Midwest, 
Mid-Atlantic, and Northeast states alone. In 
Oregon, the introduction of the emerald ash 
borer could jeopardize native populations 
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Table 1. Summary of potential invasive insect threats to the lower Coos watershed.

of Oregon ash (Fraxinus latifolia), the only 
species of true ash that occurs in the project 
area (Pojar and MacKinnon 1994; OSU 2011).  
Williams (pers. comm. 2015) explains that 
although the emerald ash borer does not 
target commercially harvested species, its 
introduction represents potentially substan-
tial economic costs to the timber industry if 
introduction is accompanied by additional 
regulation (e.g., quarantine, mandatory in-
spection of mobile equipment such as trucks). 
He adds that the use of pesticides to control 
emerald ash borer infestations could also 
potentially affect water quality. In addition 
to these possible costs, the introduction of 
the emerald ash borer to Oregon could also 
decrease habitat complexity by threating the 
viability of Oregon ash populations in ecolog-
ically important areas (e.g., riparian zones)
(OSU 2011). 

Asian Long-horned Beetle 
Anoplophora glabripennis
The Asian long-horned beetle, native to China 
and Korea (Haack et al. 2010), was likely first 
introduced to Brooklyn, New York in 1996. It 
has since spread to several eastern states, in-
cluding New Jersey, Massachusetts, Ohio, and 
Illinois as well as Ontario, Canada. Although 
its spread has been contained to the eastern 
United States, experts suggest that an Asian 
long-horned beetle invasion of western Ore-
gon forests would result in extensive ecologi-
cal and economic damage (OSU 2011).

The Asian long-horned beetle was inad-
vertently introduced to the eastern United 
States in wood packing materials (Haack et al. 
2010; OSU 2011). It damages hardwood tree 
species, including, but not limited to, maples 
(Acer spp.), birch (Betula spp.), ash (Fraxinus 
spp.), poplars (Populus spp.), willows (Sa-
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lix spp.), and elm (Ulmus spp.)(Haack et al. 
2010). Similar to other invasive wood boring 
species, Asian long-horned beetle larvae 
damage healthy trees by consuming their vas-
cular tissues, resulting in structural weakness 
and tree death (OSU 2011; Haack et al. 2010). 

Since its introduction to North America, Asian 
long-horned beetle damage has been exten-
sive and costly in the eastern United States. If 
allowed to proliferate, the estimated magni-
tude of nationwide damage is significant. Ac-
cording to Nowak et al. (2001), from 1997 to 
2008, Asian long-horned beetle infestations 
caused $373 million of damage to forests in 
Illinois, Massachusetts, New Jersey, and New 
York alone. They estimate that Asian long-
horned beetle infestations could cause a loss 
of 1.2 billion trees nationwide (valued at $669 
billion) if the insects are allowed to continue 
spreading. 

In Oregon, the potential ecological effects of 
Asian long-horned beetles are also significant. 
Although this species would not affect Ore-
gon’s dominant conifer species (e.g., Douglas 
fir, Port Orford cedar, hemlock), the insect is 
likely to infest native hardwood species (e.g., 
Oregon ash, big leaf maple, alder)(OSU 2011). 
These hardwood species provide important 
ecosystem services, including nutrient cycling, 
erosion control, and habitat complexity. They 
add that Asian long-horned beetle infesta-
tions could also result in significant economic 
costs where extensive beetle damage may ne-
cessitate the removal of large trees in urban 
settings (OSU 2011). Similar to the emerald 
ash borer, the Asian long-horned beetle may 

also result in significant costs to the timber 
industry if infestation within or in proximity to 
the project area results in additional regulato-
ry measures (Williams pers. comm. 2015).       
   
European Gypsy Moth
Lymantria dispar Linnaeus
The European gypsy moth was first intro-
duced in the late 1860s, when the species 
was brought to Massachusetts from Europe 
for the purposes of silk production (USDA 
2003b). Quickly realizing the alarming po-
tential for damage, the Massachusetts 
State Board of Agriculture began attempts 
to eradicate European gypsy moths using 
methods that ranged from manual removal of 
egg masses to systematic forest burning and 
application of primitive pesticides (Figure 1)
(USDA 2003b). 

The United States Department of Agriculture 
(2008) explains that gypsy moths cause a 
substantial amount of damage by defoliating, 
weakening, and ultimately killing host trees, 
including broad-leafed hardwood species (i.e., 
oak, apple, alder, willow, birch, madrone, cot-
tonwood) as well as coniferous species that 

Figure 1. Two workers attempting eradicate European gypsy 
moth by burning the forest with kerosene (c. 1890). Photo: 
USDA 2003b
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are abundant and harvested commercially 
within the project area (i.e., Douglas fir, pine, 
and western hemlock) . They add that gypsy 
moth infestations reduce the forests’ ability 
to defend against disease, fire, and erosion, 
deteriorating the quality of habitat for other 
forms of plant and animal life. 

Despite early control efforts, the European 
gypsy moth continued to spread and estab-
lished populations throughout New England 
by the 1920s (Sadof 2009).  Attempts to erad-
icate European gypsy moths began again in 
the 1940s following the discovery of the use 
dichloro-diphenyl-tirchloroethane (DDT) as an 
extremely effective pesticide. But the applica-
tion of DDT for pest control was limited in the 
1960s and banned in the 1970s due to public 
concern about the severe environmental 
affects associated with DDT use (Sadof 2009).  
In the past 20 years, efforts to control Euro-
pean gypsy moths via the aerial application of 
alternative pesticides have once again been 
reestablished (Sadof 2009; USDA 2003a).   
European gypsy moth infestations remain a 
serious forest management issue throughout 
New England, the Mid-Atlantic, and the Mid-
west (ODA 2015).

Although isolated populations of European 
gypsy moths have occurred in Oregon since 
the 1970s (including seven moths found in 
Grants Pass in 2015) there are currently no 
established populations in the state. This is 
in part due to Oregon’s early detection rapid 
response protocol, which include a large-scale 
trapping program throughout the state (Fig-
ure 2) (ODA 2015). 

Asian Gypsy Moth
Lymantria dispar asiatica
The Asian gypsy moth is similar to European 
gypsy moths in many ways, but Asian gypsy 
moths are known to feed on a wider range of 
host species and cover much larger distances 
in flight (USDA 2015). 

Asian gypsy moths were first  introduced to 
North America near the Port of Vancouver, 
British Columbia in 1991, likely from ships in-
fested with egg masses arriving from eastern 
Russia. Since its arrival, the Asian gypsy moth 
has spread to parts of the Pacific Northwest, 
including Washington and Oregon. A sec-
ondary inadvertent introduction (again from 
infested cargo ships) occurred on the east 
coast of North Carolina shortly thereafter 
(1993). Since then, Asian gypsy moths have 
been detected and largely eradicated on at 
least 20 separate occasions in locations across 
the United States. Though still intermittently 
detected in Oregon, local Asian gypsy moth 
eradication efforts have been successful thus 
far due to early detection and rapid response 
(USDA n.d., USDA 2015). 

Figure 2. A delta trap, used to detect European and Asian gypsy 
moths, to facilitate early detection of these species. Source: 
ODA 2015.
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Beginning in 2009, the United States Depart-
ment of Agriculture has taken preventative 
measures against the Asian gypsy moth by re-
quiring foreign trading partners to participate 
in rigorous inspections of ships at the time of 
departure from foreign ports and again during 
entry at domestic ports.  Although these pre-
ventative measures have been effective, Asian 
gypsy moths continue to be detected period-
ically in the United States, spread by a variety 
of means (e.g., Figure 3)(USDA 2015).

Balsam Woolly Adelgid 
Adelges piceae
Common throughout fir forests in central 
Europe (Arthur and Hain 1984), the balsam 
wooly adelgid first appeared on the US west 
coast in 1929, most likely as a result of the 
transportation of infected fir saplings to be 
used as nursery stock (USDA 2006). Popula-
tions appear to be established throughout the 
range of “true firs” (Abies spp.) in Oregon and 
Washington. While not yet detected in the 
project area, this insect does affect local tree 
species, including grand fir (Abies grandis)
(USFS n.d.).  

Balsam woolly adelgids affect true fir species 
by injecting a hormone into the host tree that 
disrupts normal growth and inhibits cone pro-
duction. Balsam woolly adelgid populations in 
the Willamette Valley have limited the repro-
ductive success of grand fir (Abies grandis), 
and may ultimately cause the eventual dis-
appearance of this species from Willamette 
Valley ecosystems if current trends continue. 
The ability to control balsam woolly adelgid 
infestations by applying areal pesticides is 
limited due to the species’ ability to excrete a 
proactive waxy coating. Although alternative 
methods (e.g., treatment of individual trees) 
have proven effective, these methods require 
additional resources and are generally limited 
to accessible areas supporting high-value 
trees (USDA 2006).

Other Invasive Terrestrial Invertebrates: 
Exotic Mollusks

According to Casper (2008), experts have 
identified nearly 50 invasive mollusk spe-
cies in the Pacific Northwest. Some of these 
species have caused substantial damage to 
agricultural crops in western Oregon, includ-
ing for example, the gray field slug (Deroc-
eras reticulatum), a species native to Europe 
(Gavin et al. 2012). Although it’s apparent 
that non-native slugs and snails are present 
and causing damage in Oregon, experts are 
unable to determine the exact number of 
invasive terrestrial mollusk species statewide 
because little is known about the presence of 
these species and the extent of their actual or 
potential to cause economic and/or ecolog-
ical damage within the project area (Casper 
2008).

Figure 3. Asian gypsy moth egg masses on the inside of a vehicle 
wheel.  Photo: Australian Department of Agriculture 2015
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