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A major goal of PNCERS is to investigate linkages be-
tween the biophysical environment of coastal estuaries
and the human communities living or recreating in these
areas. As a result, socio-economic and biophysical dy-
namics and the interplay between them are germane to
the research objectives of PNCERS. The social sci-
ence research component of PNCERS concerns the
interactive role of humans in the dynamics of coastal
ecosystems. In this chapter, we begin by describing
the regional economies and human populations of the
areas surrounding five Pacific Northwest estuaries:
Grays Harbor and Willapa Bay in Washington, and Coos
Bay, Yaquina Bay, and Tillamook Bay in Oregon. Rec-
ognizing the nature of the local economies and the de-
mographic characteristics of residents is fundamental
to establishing the socio-economic baseline. In the sec-
ond and third sections, we build on the baseline descrip-
tion and focus on important findings from the Coastal
Resident Survey and the Coastal Visitor Survey. To-
gether, these three pieces provide a profile of the hu-
man communities living and recreating near these
coastal estuaries.

Regional Economic and Demographic
Information

Coastal areas throughout the United States are under-
going tremendous economic and demographic changes
(U.S. Department of Commerce 1999). Coincident with
such changes are changes in pressures exerted on
coastal estuaries and changes in public support for al-
ternative strategies for the management of coastal re-
sources. The coastal counties of the PNCERS study
area are no exception, as all are undergoing economic
and demographic transitions. However, the rate or in-
tensity at which changes are occurring in these areas is
lower than that experienced in more rapidly growing
areas such as the Chesapeake Bay region of Maryland
or the San Francisco Bay region of California. Re-
gional economic and demographic characteristics pro-
vide information about the interaction between human
communities and biophysical environments. Specific
characteristics pertinent to this linkage include: where
are people employed; what are the sources of earn-
ings; what are people earning relative to other areas;
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what major industries contribute to the local economy;
how are population levels changing; and how are de-
mographic characteristics of populations changing.
These factors are important because changes in these
descriptors over time have significant implications for
the way humans interact with the natural environment.

For example, the socio-economic dynamics of a coastal
estuary are likely to be different in an area where the
local economy is dependent on the marine resources of
the estuary relative to an area where the local economy
is not. Similarly, the types of interactions between hu-
man communities and the biophysical environment in
an area are relevant. For instance, the extent to which
the resources of the estuary are used consumptively
and non-consumptively by these human communities is
relevant because these distinct types of use exert dif-
ferent pressures on coastal estuaries.

In what follows, regional economic and demographic
information is presented at the county level. The five
Pacific Northwest estuaries and coastal counties fea-
tured here are as follows:

Grays Harbor Grays Harbor County, Washington
Willapa Bay Pacific County, Washington
Tillamook Bay Tillamook County, Oregon
Yaquina Bay Lincoln County, Oregon
Coos Bay Coos County, Oregon

Regional Economic Trends
As noted above, the relationship of the estuaries to the
regional economy is of particular importance to the re-
search objectives of PNCERS. In this section, an over-
view of country-level regional economic trends is of-
fered. General employment and personal income
sources are summarized first, followed by specific dis-
cussions of the role of natural resource-based indus-
tries in these coastal counties.

Employment
Figure 4.1 displays employment levels in different eco-
nomic sectors for each region over time. These sec-
tors are defined by the Bureau of Economic Analysis
and represent major economic sectors (U.S. Depart-
ment of Commerce 2000). Across all five coastal coun-
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Figure 4.1. Employment for economic sectors in the five PNCERS counties (1970-1998). Exact values for mining
sector are unavailable for 1980-81, 84-86, 89-91, and 95-97 for Tillamook County, and 1972 and 76-77 for Grays
Harbor County. Exact values for Finance are unavailable in 1991 for Tillamook County and 1992-97 for Grays
Harbor County. Exact values for Agricultural Service are unavailable in 1995 for Tillamook County and 1991 for
Grays Harbor County.
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Table 4.1. Income by economic sector for coastal counties (percent of total).

ties, the economic sectors that recently (1998) had the
highest proportion of employment are services, retail
trade, and government. The influence of agriculture is
higher in Tillamook County and Pacific County but still
accounts for less than 10 percent of county employ-
ment. In terms of payroll, the statistics are similar, but
services and retail trade play a lesser role due to part-
time employment and lower paying jobs. However, gov-
ernment is still, by far, the highest. Lumber and wood
products, which has much lower employment than ser-
vices, has a payroll nearly as high in Tillamook and Coos
Counties. The Agricultural Services, Forestry. and Fish-
ing sector that is directly dependent on local natural
resources employs the largest percentage of residents
in Pacific County (10%).

Over time, there have been some common employment
trends across all five counties, with declines in manu-
facturing employment and increases in services, retail
trade, and government employment. The largest drop
in manufacturing employment occurred in Coos County,
and much of that decline was due to a loss of lumber
and wood products employment. The largest transition
in employment trends appeared during the regional re-
cession in the mid-1980s. Comparing employment
trends across all 5 areas, Lincoln County is different
from the other 4 areas, having consistently had a lower
percentage of employment in the manufacturing sec-
tor.
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Three of the coastal
counties experienced un-
employment rates higher
than those in Washington
and Oregon as a whole.
From 1975 to 1995, the
average unemployment
rates in Oregon and
Washington were 7.9 and
7.1%, respectively. In
contrast, Grays Harbor
and Pacific Counties' un-
employment rates aver-
aged 11.6%, and Coos
County had a rate of 11%
during the same period.
Unemployment remained
fairly low in Tillamook and
Lincoln Counties, similar

to Washington, Oregon, and U.S. averages in recent
years. The Oregon counties were less affected by the
recession of the early 90s than the Washington coun-
ties, and recovered much more quickly. In 1995, the
unemployment rates for these five counties were as
follows: Grays Harbor (11.5%); Pacific (10.2%); Coos
(9.2%); Lincoln (7.4%); and Tillamook (6.0%).

Personal Income
Personal income is a combindtion of both earned in-
come (e.g., salaries and wages) and unearned income
(e.g., transfer payments, such as social security or wel-
fare, and investments). On a per capita basis, coastal
counties have lower personal incomes than either state
or national averages. An analysis of the personal in-
come sources in the five selected coastal counties re-
veals strong similarities (Table 4.1). In all 5 areas, trans-
fers and investments account for a significant propor-
tion of personal income. Government and service sec-
tors account for a high percentage of private earnings
in all 5 areas. The importance of the manufacturing
sector varies slightly across areas, with higher percent-
ages in the Washington coastal counties than in the
Oregon counties. While services and retail trade ac-
count for a high percentage of employment, they do not
account for as large a percentage of earnings.

An interesting trend over time is the dramatic increase
in transfer payments as a percent of total personal in-

Coos Lincoln Tillamook Grays Harbor Pacific
Investments 25.1 29.5 27.9 19.9 25.7
Transfers 22.5 20.2 20.7 24.0 26.8
Farm earnings 1.0 -0.1 3.6 0.7 3.1
Ag. services, forestry,

fishing, & other 1.0 1.4 0.9 1.0 2.3

Mining 0.1 0.0 0.0 0.0 0.3
Construction 2.9 3.6 4.1 3.7 1.8

Manufacturing 7.5 5.3 9.0 14.3 10.0
Transportation and public

utilities 4.0 2.0 2.6 3.4 1.2

Trade 8.6 9.0 7.3 9.0 5.3
Finance, insurance, and

real estate 2.0 2.4 1.7 1.8

Services 11.2 13.9 10.6 11.7 8.6
Government 14.0 12.7 11.6 12.3 13.1



come. Comparing the percent of total personal income
from transfer payments in 1970 and 1998, the extent of
this trend is evident: Grays Harbor (13 to 24%); Pacific
(14 to 27%); Coos (10 to 23%); Lincoln (14 to 20%);
and Tillamook (13 to 21%). This is at least partially a
function of the increase in retirees collecting Social Se-
curity payments in these areas. As transfer payments
have gone up, the percent of total personal income that
is earned has fallen. In Pacific, Tillamook, and Lincoln
Counties now, only approximately 50 percent of total
income is earned, which means that much of the wealth
in these counties is not tied to the local businesses or
industries.

Natural Resource Based Industries
The relationship of the estuaries to regional economy is
of particular importance to the research objectives of
PNCERS, as this relationship affects linkages between
the socio-economic and biophysical dynamics of coastal
estuaries. Four different natural resource-based sec-
tors of the economy are discussed here. Data from the
Bureau of Economic Analysis (U.S. Department of
Commerce 2000) have been aggregated to de-
fine these four sectors as follows: the forestry
sector includes data from the forestry part of
Agricultural Services, Forestry, and Fishing, and
the lumber and wood products sector (within
Manufacturing); the commercial fishing sector
includes data from the fishing part of Agricul-
tural Services, Forestry, and Fishing; the agri-
cultural sector includes data on farm earnings
(within Farm Employment sector) and agricul-
tural services earnings (within Agricultural Ser-
vices, Forestry, and Fishing); and the tourism sector
includes data on amusement and recreation (within Ser-
vices), food and kindred products (within Manufactur-
ing), hotels and other lodging (within Services), and eat-
ing and drinking places (within Retail Trade). This final
sector is difficult to isolate, as data are not collected
separately for the tourism sector. Table 4.2 shows the
percentage of personal income accounted for by these
four sectors in 1998.

As defined, the forestry sector is important in all 5 coun-
ties with the exception of Lincoln County, Oregon. In
the remaining four counties, the forestry sector accounts
for greater than 4 percent of all personal income. The
commercial fishing sector is less important, accounting
for only 2 percent of personal income in Pacific and
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Lincoln Counties. Agricultural earnings also vary across
the studied counties. Analogous to employment, agri-
culture has the highest contribution to personal income
in Pacific and Tillamook Counties. As defined, the tour-
ism sector is also relatively important, accounting for
over 5% of personal income in Lincoln, Pacific, and
Tillamook Counties and 3 percent of total personal in-
come in 1998 in Coos and Grays Harbor Counties.

Over time, timber and fishing have declined in relative
importance, while agriculture and tourism have remained
fairly constant. The major change, however, has been
the increase of other industries, as well as transfer pay-
ments, in these counties, reducing the relative impor-
tance of the natural resource industries.

Income generated by the timber and fishing industries
is declining for various reasons including decreasing
availability of natural resource harvests, new demands
to use natural resources for recreation and habitat pres-
ervation, and in the case of fish products, decreasing
prices. The changing demographics of coastal areas

Table 4.2. Percentage of personal income in resource-based sectors
for coastal counties (1998.1

Coos
Grays Harbor
Lincoln
Pacific
Tillamook

has also led to a shift in income and employment oppor-
tunities. As the population of coastal counties has con-
tinued to age in the last twenty years, income from trans-
fer payments has risen, and the percent of total per-
sonal income that is "earned" (i.e., employee compen-
sation and proprietor income) has fallen.

Commercial Fishing Sector
For fisheries, three current developments are affecting
the contribution this industry can make to the coastal
areas. First, declining consumer demand and increas-
ing global supplies of all fish products have decreased
the real per pound ex-vessel price for salmon, shrimp,
crab, and groundfish during the years 1991 through
1995.
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Forestry Fishery Agriculture Tourism
4.944 0.372 0.984 3.224
7.743 0.812 0.725 3.576
0.403 1.502 0.022 6.972
7.864 2.106 3.23 5.269
4.732 0.165 3.597 6.23
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The second development is the crisis facing the salmon
industry. Because of unfavorable ocean conditions, in-
land habitat deterioration, and multiple demands for the
harvest rights of the salmon resource, the availability of
salmon for commercial ocean harvest has declined
steadily along the Oregon and Washington coast. Threat-
ened or endangered status listing or proposals for list-
ings for salmon stocks from the Sacramento River in
California to Puget Sound in Washington, and resulting
regulations, have reduced the ocean troll harvest to a
small share of historic levels. Personal income from
salmon harvests in Oregon and Washington coastal ar-
eas has dropped from averages of about $110 million
per year (1976-1990 average) to only $10 million in 1995.
This is a reduction of about 90 percent in average fish-
ing related personal income for coastal counties in 1995.
Small ports along the coast have historically relied upon
the salmon trolling industry to generate local income
and to support vital services such as local marinas. They
have also used the local fishing industry to justify dredg-
ing operations by the U.S. Army Corps of Engineers.

The third important issue affecting the contribution of
the fishing industry is the expansion of salmon farming.
This production is increasing, especially in Chile and
Norway. Salmon farming currently determines the price
for most salmon products. Salmon prices for troll caught
chinook have declined from $5.00 per pound in 1988 to
about $1.50 in 1995. There are no indications of any
real price increases in the near future.

Agricultural Sector
Agriculture on the coast, like other parts of the US, is
part of a rural lifestyle and contributes diversity to the
local economy. It also helps provide a buffer to the
potentially cyclical nature of the forest, fishing, and rec-
reational industries. The mild coastal climate is ideal
for vegetable, berry, and nursery crops. These, along
with livestock production for meat and dairy, are impor-
tant sources of income for several of the coastal coun-
ties. The number of acres in agricultural use varies
considerably across the counties: Grays Harbor (42,350);
Pacific (40,228); Coos (163,021); Lincoln (31,935); and
Tillamook (35,580) (U.S. Department of Agriculture
1999). Tillamook county is the primary producer of
milk for the state of Oregon, much of which is used in
cheese manufacturing. In Oregon, the agricultural in-
dustry has remained consistently strong in Tillamook
and Coos Counties and is continuing to expand and di-
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versify. In contrast, agriculture has played a consis-
tently smaller role in Lincoln County where in 1997 there
were only 129 full-time farms. Between 1992 and 1997,
agricultural earnings declined in Grays Harbor County
and increased in Pacific County. While the agricultural
sector is significant to their local economies, neither of
these Washington counties ranks high in terms of pro-
duction or earnings relative to the other counties with
larger agricultural-based economies.

The 1997 Census of Agriculture (U.S. Department of
Agriculture 1999) estimates the value of agricultural
production for the five counties to be as follows: Grays
Harbor ($15.0 million); Pacific ($16.9 million); Coos
($30.5 million); Lincoln ($4.1 million); and Tillamook
($62.5 million). The largest agriculture sector in
Tillamook and Grays Harbor Counties is dairy prod-
ucts. In Pacific County, the largest sector, by far, is
cranberries. In Coos County, the largest agricultural
sector is small fruits and berries (e.g., cranberries), while
in Lincoln County the largest is specialty products (e.g.,
Christmas trees).

Forestry Sector
The forestry sector has played an interesting role in
these coastal counties over time. The forestry sector
remains significant in all areas except Lincoln County,
though its contribution to the local economy has de-
creased over time. The trend in timber harvests since
1970 for Grays Harbor County has been an increase in
harvests to almost one billion board feet in the 1980s
and a subsequent decrease to about 500 million board
feet by the late 1990s. Pacific and Tillamook Counties,
as well as Coos County, have experienced a steady
decline during this period. Their respective harvest
volumes for 1999 were approximately 308 million board
feet, 122 million board feet, and 247 million board feet.
Lincoln County shows a more cyclical trend with a
steady decline in recent years, where harvest volumes
fell from 400 million board feet in 1988 to 108 million
board feet in 1999. Most of these counties' timber-
lands are in private ownership, except Tillamook, where
over two thirds of the timberlands are in federal or state
ownership.

Competing demand for stumpage and a relative decrease
in transportation cost as a part of final manufacturing
costs have caused mills to expand their timbershed
boundaries. This has resulted in a dramatic reduction
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Figure 4.2. Population of coastal counties (1900-1990).

in processing capability on the coast. Most timber in
Oregon is now shipped to the major processing centers
of Roseburg, Eugene/Albany, or the Portland area. For
Washington, these areas of mill concentration are Pierce
and Cowlitz Counties.

Tourism Sector
Tourism is experiencing a steady growth in coastal
economies. The growth of tourism has served to diver-
sify coastal counties' economic bases, but this industry
is characterized by low wage rates (at least partly caused
by part-time jobs) and seasonal demand for jobs. These
characteristics do not assist in ameliorating the season-
ality effects from the other natural resource based in-
dustries.

Demographic Changes
Figure 4.2 displays the population levels of the coastal
counties from 1900 to 1990. Grays Harbor and Coos
Counties have the largest human populations, with ap-
proximately 64,000 and 60,000 people, respectively, in
1990. Lincoln County, the only county of these five to
experience intense population growth since 1970, had a
1990 population of approximately 40,000 people. Pa-
cific and Tillamook Counties have smaller populations,
with 1990 populations of approximately 19,000 and
22,000 people, respectively. Grays Harbor County's
population grew considerably from 1900 to 1930. In
1930, Grays Harbor's population neared 60,000 people,
very close to its population level today. After this point,
population declined for a few decades and then began
to grow again in the 1960s. The population of Pacific
County also grew in the early part of the 20th century,
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with a 1930 population of approximately 15,000 people.
Since then, the population has not changed dramatically
over time. Coos County's population grew consistently
from 1900 to 1980. From 1980 to 1990, Coos' popula-
tion declined, but has since grown in size. The popula-
tion of Lincoln County has also grown consistently since
1900 and, as noted above, has grown at a high rate
since 1970. Tillamook County's population grew more
slowly in the early part of the 1900s than some of the
other counties. Tillamook's 1950 population level was
approximately 19.000 people, a figure not far from its
current level. With the exception of Lincoln County,
these areas are not experiencing the rapid changes
documented in coastal areas elsewhere in the United
States (U.S. Department of Commerce 1999).

Since 1970, the populations of Oregon and Washington
have been growing much faster than the population of
the United States. However, within state, the growth
of coastal populations has generally been much slower
than that of inland areas. Pacific and Tillamook Coun-
ties' populations have grown almost as fast as the U.S.
population, but have grown more slowly than the popu-
lations in Washington and Oregon. The populations of
Grays Harbor and Coos Counties have been growing
even slower than the U.S. population, due in large part
to out-migration during the recession in the early 1980s.
Between 1980 and 1990, populations in Coos and Grays
Harbor Counties populations declined at five and three
percent, respectively. Since then, however, the annual
rate of growth for these counties has been positive,
though less positive than the annual rate of growth for
Oregon and Washington. Lincoln County stands alone
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having increased in population by 37 percent between
1970 and 1980. outpacing the population growth of the
U.S.. Oregon. and Washington over this time period.
From 1980 to 1990. Lincoln County's population grew
by 10%.

Generally, coastal counties are losing higher paid jobs
and there is an overall out-migration of young adults
who leave the area to find education and employment
opportunities. With these population changes. coastal
areas are experiencing significant shifts in their demo-
graphic structure. The national population is "aging"
with large population cohorts moving into middle and
older age groups. The trends are the same for the Pa-
cific Northwest. and more so for the coastal counties.
The demographic factors and the coast's reliance on
natural resources, which are subject to volatile demand
and unstable levels of natural resource harvests, have
resulted in low economic growth and greater than av-
erage unemployment rates for three of the coastal coun-
ties. The per capita net earnings in Tillamook. Coos,
Grays Harbor. Pacific, and many other coastal counties
are still well below per capita net earnings at the state
or national level.

Age distributions in the coastal populations are signifi-
cantly different than that of the age distribution in the
rest of Oregon and Washington as well as the U.S (Fig-
ure 4.3). These coastal counties have relatively more
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Figure 4.3. Age distribution for residents of coastal counties (1990).

people in the retirement age groups. and relatively fewer
people in the 18 to 29 age group. Pacific, Lincoln, and
Tillamook Counties are attracting the most "retirees"
and retaining the fewest young adults between the ages
of 18 and 29.

Overall, the average education level in the coastal coun-
ties is lower than the state averages (Figure 4.4). These
counties have fewer people with college or graduate
degrees and more people with high school and less-
than-high school levels of education. While this same
trend is evident in Lincoln County. the county is unique
in that it has a high proportion of residents with gradu-
ate degrees. This is most likely due to the location of
the Hatfield Marine Laboratory and other federal gov-
ernment office buildings in Newport. Oregon.

A continuation of recent trends portends that neither
increasing population pressure nor rapid economic de-
velopment will be major factors affecting the coastal
ecosystems in Grays Harbor. Willapa Bay, Tillamook
Bay. or Coos Bay. Faster population growth is encoun-
tered in Lincoln County, the location of Yaquina Bay.
where population is concentrated near the mouth of the
bay and to the north toward Lincoln city. Absent signifi-
cant expansion of new industry, in-migration of retirees
(who rely on income from investments, pensions, and
social security) is likely to account for much of the fu-
ture population growth in these areas. Given the low
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Figure 4.4. Educational attainment for residents of coastal counties (1990).

profile of manufacturing in these coastal economies,
employment and economic opportunities in natural re-
source based industries (farming, fishing. forestry,
aquaculture). tourism, and services supporting non-work-
ing local residents are likely to retain important roles in
the future. Al] this suggests that the current level and
character of interaction between industry and the es-
tuarine biophysical environment is likely to continue. It
remains unclear what impact the influx of retirees will
have on the pressures exerted on and management of
estuaries resources. If this group uses coastal resources
in a non-consumptive rather than consumptive fashion,
some changes in socio-economic dynamics may be ex-
pected. As found in our previous reviews and in recent
surveys of coastal residents and scientists/managers.
management of water quality, nearshore habitats, up-
stream forested lands, and shipping channels will be
major arenas for environmental protection and resource
management activity.

In the next two sections, we build on the baseline de-
scription offered above and highlight important findings
from the Coastal Resident Survey and the Coastal Visi-
tor Survey. In doing so. we examine connections be-
tween survey responses and regional economic and
demographic trends and accentuate the socio-economic
dynamics of human communities living and recreating
near these select estuaries.

-a
co

C

Coastal Resident Surveys

Documentation of public perceptions attitudes and val-
ues associated with estuarine ecosystems was pursued
by administering a coastal resident survey in the five
PNCERS study areas. The objectives of the coastal
resident survey were as follows: (1) to assess how resi-
dents value specific aspects of their communities and
surrounding natural landscapes. and to understand what
aspects of the communities and landscapes are per-
ceived as changing for better or worse: (2) to docu-
ment the degree to which residents in these areas par-
ticipate in outdoor recreation activities that are tied to
the natural environments of the bays: (3) to determine
what the residents think are threats to their local bays;
and (4) to understand what management approaches
residents prefer and where they acquire information
about the management and health of their local bay.

The coastal resident survey was designed and imple-
mented as a mail survey. In February of 2000. 5,000
surveys were mailed to households located within 30
miles of the 5 PNCERS estuaries. Table 4.3 displays
the response rates by area. Overall, fifty six percent of
the 3,928 surveys successfully delivered were returned.
The coastal resident survey contains five sections: (1)
Characteristics of Your Community and Residence: (2)
Outdoor Recreational Activities; (3) Coastal Salmon
Stocks; (4) Health of the Bay Environment; and (5)
Demographics. The results from section (1) are the
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Table 4.3. Response rates by bay for the Coastal
Resident Survey

focus of this chapter. This first section includes ques-
tions about the respondent's length of residence in the
area, location relative to water bodies, and the impor-
tance of different community characteristics to deci-
sions to stay/live in and move to a coastal community.
Community characteristics included ecological attributes
(e.g., clean water in the bay and views and scenery),
social attributes (e.g., fewer people and little traffic con-
gestion), and regional economic attributes (e.g., job op-
portunities and housing costs).

Table 4.4 presents descriptive statistics of the samples
by estuary. The coastal resident survey sample is not
entirely consistent demographically with the actual resi-
dent population. For example, the sample across bays
are predominantly male, while 1990 US Census data
(U.S. Department of Commerce 1992) suggest the ac-
tual population of these areas is roughly 50 percent male
and 50 percent female. The average age of our sample
is approximately 59 years and approximately 44 per-
cent of respondents are retired. When compared with
1990 US Census data, our sample is older and more
retired than the true population. There are additional
distinctions that suggest our sample is slightly more edu-
cated, wealthier, and more likely to be employed in an
agriculture, forestry, or fishing-related industry than the
true population. Despite this selection bias, we are con-
tent with our sample because it includes many long-
term, full-time residents whose opinions are of great
interest.

This survey of coastal residents measured the commu-
nity characteristics, both social and biophysical, that resi-
dents rated most important in their choice to live in a
community near their estuary. Residents were also
asked which characteristics caused them to initially
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move to the coast and how they perceived those char-
acteristics to be changing. Results show the relative
importance of biophysical characteristics in residential
location decisions. Comparison of these results to those
of the economic and demographic baseline information
can help provide a sense of whether current residents
will be relatively satisfied with the amenities and eco-
nomic opportunities that the coastal estuaries present
or will place demands on decision makers to improve
certain aspects of their quality of life. Similarly, eco-
nomic and demographic changes may signal future
changes in migration patterns if a region's attributes
are changing in ways that no longer match the needs of
current residents.

When asked to rate the importance of 15 different com-
munity characteristics, the ones most frequently selected
by residents of the five coastal counties generally re-
lated to living in a small community: few people, little
traffic congestion, and lower incidence of crime. The
highest-rated characteristics related to the biophysical
habitat were views and scenery and recreation oppor-
tunities, which at least 50% of respondents in all coastal
counties rated as very important. Nevertheless, job
opportunities and being near friends and family were
typically among the most important factors influencing
the original decision to move to these counties. As the
economic and demographic information (described
above) makes clear however, those job opportunities
may no longer exist, accounting for a "graying" of the
population as former workers retire and stay, and are
not replaced by younger workers entering the local
workforce.

Grays Harbor
In Grays Harbor County the most important character-
istics were related to living in a small community: little
traffic congestion and lower incidence of crime. The
highest-rated characteristics related to the biophysical
habitat were views and scenery and recreation oppor-
tunities, which more than 50% of respondents rated as
very important. Clean water in the bay was number
twelve out of fifteen. While the small town character-
istics of Grays Harbor were very important to residents,
when asked to state the top three characteristics that
were most important to their decision to move there,
residents overwhelmingly stated job opportunities (28%)
and being near family and friends (28%) as the most
important factors. When the first, second, and third

Area
Number of
Deliverable

Surveys

Number of
Returned
Surveys

Survey
Response

Rate

Grays Harbor 849 417 0.49

Willapa Bay 718 443 0.62

Tillamook Bay 770 410 0.53

Yaquina Bay 708 423 0.60

Coos Bay 883 516 0.58

Total 3,928 2,209 0.56



Table 4.4. Demouraphic information for Coastal Resident Survey respondents.

most important reasons cited are combined, family and
friends is highest (42%), followed closely by job oppor-
tunities (38%). The next closest factor was fewer
people, cited by 28% of the respondents.

Willapa Bay
In Pacific County the three most important character-
istics were related to living in a small community: fewer
people, little traffic congestion, and lower incidence of
crime. The highest-rated characteristics related to the
biophysical habitat were views and scenery, recreation
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Grays Harbor Willapa Bay Coos Bay Tillamook Bay Yaquina Bay Overall

opportunities, clean water in the bay, and being near the
ocean, which more than 50% of respondents rated as
very important. While small town and biophysical char-
acteristics of Willapa Bay were very important to resi-
dents, when asked to state the top three characteristics
that were most important to their decision to move there,
residents overwhelmingly stated job opportunities (20%)
and being near family and friends (19%) as the most
important factors. When the first, second, and third
most important reasons cited are combined, the char-
acteristic of "fewer people" comes back to the top
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Male (Percent) 74.6 67.8 75.6 77.9 69.2 73.0

Age (Years)

Mean 57.2 58.4 60.8 60.1 60.3 59.4

Std Dev 15.1 14.9 14.3 15.4 14.5 14.9

Household Size (People)

Mean 7.4 2.3 2.3 2.4 2.3 2.3

Std Dev 1.1 1.1 1.1 1.2 1.1 1.1

Educational Background

Some High School (Percent) 8.8 9.2 7.6 7.1 3.8 7.3

High School Diploma (Percent) 27.1 28.0 24.8 33.2 26.8 27.8

Some College (Percent) 32.9 35.1 33.7 31.9 32.8 33.3

College Diploma (Percent) 18.0 15.3 18,7 15.6 17.9 17.2

Post-Graduate (Percent) 11.0 9.9 13.3 11.1 18.4 12.8

Employment Status

Student (Percent) 1.0 0.0 0.4 0.0 0.5 0.4

Employed Full-time (Percent) 48.2 37.9 39.5 41.6 39.0 41.1

Employed Part-time (Percent) 5.6 7.7 5.6 5.3 6.8 6.2

Retired (Percent) 39.1 44.0 46.1 46.3 45.8 44.3

Unemployed (Percent) 1.0 1.6 2.3 0.8 1.4 1.5

Income

Under $10,000 (Percent) 6.1 6.3 7.4 7.7 6.3 6.8

$10,000- $30,000 (Percent) 30.4 33.7 34.9 32.5 32.0 32.8

$30,000 - $50,000 (Percent) 28.2 33.9 22.9 30.4 25.0 27.9

$50,000 - $100,000 (Percent) 30.4 20.7 26.3 73.0 30.4 26.1

Over $100,000 (Percent) 5.1 10.6 8.5 64.0 6.3 18.2

Environmental Organization
(Percent Membership) 7.1 8.1 10.4 14.1 15.0 10.9

Sporting Club (Percent
Membership) 10.3 9.3 9.0 15.0 7.1 10.1

Full-time Resident (Percent) 95.1 92.7 96.0 82.7 94.5 92.4

Length of Residence (Years)

Mean 34.2 26.6 29.4 24.7 21.4 28.0

Std Dev 22.1 20.7 20.4 20.4 17.6 20.480

417 443 516 410 423 2,209
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(34%), followed closely by being near family and friends
(32%), and job opportunities (27%).

Coos Bay
Residents of Coos County rated biophysical character-
istics of views and scenery and recreation opportuni-
ties very highly. Also of great importance were charac-
teristics related to living in a small community: lower
incidence of crime, fewer people, and little traffic con-
gestion. Only the economic characteristic of low cost
of living was rated as very important by less than 49%
of residents. While economic characteristics of Coos
Bay were relatively less important in explaining why
residents now live there, when asked to state the top
three characteristics that were most important to their
decision to move there, residents stated that job oppor-
tunities (32%) and being near family and friends (23%)
were most important. When the first, second, and third
most important reasons cited are combined, these two
characteristics are almost equally important (35% and
34%, respectively). Climate and weather (29%), fewer
people (21%), and being near the ocean (21%) were of
next most importance.

Yaquina Bay
Lincoln County was somewhat anomalous, as more
people said that the economic characteristics of job
opportunities and low cost of living were not important
than said they were very important. While economic
characteristics of Yaquina Bay were relatively less im-
portant to residents, when asked to state the top three
characteristics that were most important to their deci-
sion to move there, residents stated that job opportuni-
ties and being near the ocean were most important (22%
each).

Tillamook Bay
For Tillamook County residents, the most important com-
munity characteristic was the biophysical characteris-
tic of views and scenery. The next three most impor-
tant were related to living in a small community: little
traffic congestion, lower incidence of crime, and fewer
people. In addition to views and scenery, other charac-
teristics related to the biophysical habitat were rated
very important by more than 50% of respondents in-
cluding recreation opportunities, clean water in the bay,
and being near the ocean. A nearly equal number of
people said that job opportunities were not important as
very important, and more said low cost of living was
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not important than very important. While small town
and biophysical characteristics of Tillamook Bay were
very important to residents, when asked to state the top
three characteristics that were most important to their
decision to move there, residents overwhelmingly stated
being near family and friends (25%) and job opportuni-
ties (22%) as the most important factors. When the
first, second, and third most important reasons cited are
combined, being near family and friends (29%) is just
slightly ahead of recreation opportunities (28%). These
are followed closely by fewer people (26%), job oppor-
tunities (26%), and views and scenery (23%).

Comparing the responses summarized above across
bays, some small differences emerged in the impor-
tance of different community characteristics. Residents
in the Yaquina and Coos areas rated biophysical char-
acteristics such as views and scenery as the most im-
portant characteristics, compared to the other bays that
favored characteristics associated with rural communi-
ties such as little traffic and low population densities.
The lack of emphasis on economic factors is consistent
with the findings of the baseline study.

As demographic and regional economic transitions oc-
cur, there are some expectations that perceptions and
attitudes will vary. As a first step, comparisons were
made within communities, across two different group-
ings: (1) newer residents versus long term residents
(newer defined as less than or equal to 10 years) and
(2) younger residents versus older residents (younger
defined as less than or equal to 45 years).

Newer Versus Longer-Term Residents
When contrasted with longer-term residents, the newer
residents of all five areas support greater consideration
of environmental factors than economic factors when
making natural resource management decisions. Com-
paring what community characteristics are important
to their decision to live in a community near a coastal
estuary, there are notable differences between newer
and longer-term residents. In Grays Harbor County,
characteristics such as job opportunities, being near fam-
ily and friends, good schools, good public services, and
health care facilities ranked of lesser importance to
newer residents. In Pacific County, similar community
characteristics also ranked of lesser importance to
newer residents, whereas being near the ocean ranked
more highly with newer residents than longer-term resi-



dents. In Coos County, results were similar, but low
cost of living, climate/weather, nice people, clean water
in the bay, fewer people, lower incidence of crime, be-
ing near the ocean, views and scenery, and little traffic
congestion ranked more highly with newer than longer-
term residents. In both Lincoln and Tillamook Coun-
ties, characteristics such as job opportunities, being near
family and friends, and good schools ranked of lesser
importance to newer residents, and being near the ocean,
views and scenery, and recreation opportunities ranked
higher with newer than longer-term residents.

Examining what factors were important to decisions to
move to a coastal community, differences again emerged
between newer and longer-term residents. A common
trend across all 5 bays was that being near the ocean,
views and scenery, recreation opportunities, and fewer
people were ranked as greater influences among newer
residents than longer-term residents. In contrast, newer
residents ranked job opportunities and being near fam-
ily and friends as less important influences on their move.
Thus, our results suggest that the amenity values of the
natural environment of these coastal communities are
playing an important role in attracting new residents.
The fact that there are fewer economic opportunities,
as revealed by the economic and demographic study, in
these counties than in other parts of the two states,
makes the existence of these amenities and positive
perceptions of them all the more important to the coastal
counties.

Who are the newer residents to these coastal areas?
Based on our survey sample, newer residents have more
education (college and graduate) and higher incomes.
In Pacific, Coos, Tillamook, and Lincoln Counties, a
greater percentage of newer residents are retired than
longer-term residents. In Lincoln County, newer resi-
dents are more likely to be members of an environmen-
tal organization.

Younger Versus Older Residents
When contrasted with older residents, younger residents
in the Grays Harbor area support greater consideration
of economic factors when making natural resource
management decisions. In contrast, in Pacific, Coos,
Lincoln, and Tillamook Counties, younger and older resi-
dents offered similar support for balancing economic
and environmental factors when making natural re-
source management decisions.
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Examining responses to the community characteristics
questions, the responses of younger and older residents
differed similarly across all 5 areas. For example, com-
paring what community characteristics are important
to their decision to live in a community, there are no-
table differences between younger and older residents.
In all five areas, younger residents rank characteristics
such as job opportunities, being near family and friends,
low cost of living, and recreation opportunities as more
important than older residents. In turn, climate, views
and scenery, and health care are less important com-
munity characteristics to younger residents than older
residents.

Differences also emerge when examining what factors
were important to decisions to move to a coastal com-
munity Being near family and friends, job opportuni-
ties, and good schools were ranked as more important
by younger residents than older residents. In contrast,
younger residents ranked climate and being near the
ocean as less important determinants of their move.
When asked if they were considering moving away from
their current coastal community, a greater percentage
of younger residents than older residents replied yes in
all five areas.

Who are the younger residents of these coastal areas?
Based on our survey sample, younger residents are more
likely to have a college degree than older residents and
have higher incomes. As expected, younger residents
are also more likely to be employed full time. Lastly,
younger residents go salmon or steelhead fishing, crab-
bing, and clamming locally more often than older resi-
dents; while older residents are more likely to birdwatch
locally.

The responses to the Coastal Resident Survey offer
insights about the perceptions, attitudes, and values of
individuals living in communities near Pacific Northwest
coastal estuaries. While residents of coastal areas ac-
count for a tremendous portion of the socio-economic
dynamics of estuaries, non-resident human communi-
ties also contribute to these dynamics of estuaries, no-
tably those that sightsee and recreate in estuarine ar-
eas. In the next section, we highlight findings based on
the responses to the Coastal Visitor Survey, emphasiz-
ing the distinctions observed between recreation be-
havior near the coastal estuaries of Oregon and south-
west Washington.
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Coastal Visitor Survey

A coastal visitor survey was conducted to study the
ways in which humans recreate near Pacific North-
west estuaries. The survey focused on natural resource-
based recreation, for this human activity directly re-
lates to the interchange between the socio-economic
and biophysical dynamics of coastal estuaries and ac-
counts for a significant proportion of coastal visitors.
The coastal visitor survey serves as the basis of the
social science research program's broader study of
natural resource-based recreation in coastal Oregon and
Washington. The objectives of this broader study are
as follows: (1) to document natural resource-based rec-
reation opportunities and recreation effort in and near
the coastal estuaries of Oregon and southwest Wash-
ington; (2) to characterize recreation demand and un-
derstand the factors that influence demand to various
recreation sites and participation in different types of
recreation activities; and (3) to identify linkages between
the state and attributes of the coastal ecosystems and
natural-resource based recreation.

During the summer of 2000, visitors were interviewed
at coastal recreation sites near Willapa Bay and Grays
Harbor in Washington and near Nehalem Bay, Tillamook
Bay, and Yaquina Bay in Oregon. Survey interviews
were conducted on-site at twenty-three sites in prox-
imity of the estuaries. The survey asked visitors to
describe their current participation in various recreation
activities and their preferences for distinct recreation
sites. In addition, they were asked to describe the rec-
reation outing on which they were intercepted in detail.
Lastly, visitors were asked about their overall visitation
patterns to coastal Oregon and Washington, and awere
sked to provide demographic information. Surveying
was conducted at 11 sites in Washington and 12 sites in
Oregon. Table 4.5 lists the names of sites where coastal
visitors were intercepted and displays the number of
completed surveys by site. It is important to note that
many of the Washington sampling points were sites on
the outer coast, while in contrast, the majority of the
Oregon sampling points were at sites directly on the
estuaries. This distinction in the spatial distribution of
sites in Oregon and Washington is consistent with the
availability of outdoor recreation sites in the coastal coun-
ties of interest to PNCERS.
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Table 4.5. Completed coastal visitor surveys by estuary
and recreation site.

Our current sample of coastal visitors includes 140 ob-
servations from Oregon sites and 260 observations from
Washington sites.' Table 4.6 displays basic descriptive
statistics of demographic responses for the two samples
of coastal visitors. The two samples are similar in many
respects. The split between male and females are as
follows for the two groups: 53% female and 47% male
(Washington) and 36% female and 64% male (Oregon).
The mean age of the Washington sample is 40 years
(15-91) compared to a mean of 43 years (15-79) for
the Oregon sample. Visitors overwhelmingly were resi-
dents of the state in which they were intercepted (84%

Recreation Sites by Estuary
Number of
Completed

Surveys
Grays Harbor 171

Bowerman Basin 0

Ocean Shores Public Beach 53

Damon Point 16

John's River Wilderness Area 0

Westhaven State Park 49

Westport Light State Park 28

Twin Harbors State Park 25

Willapa Bay 89

Tokeland Boat Launch

Willapa National Wildlife Refuge 1

Long Beach Public Beach 61

Leadbetter Point State Park 27

Nehalem Bay 33

Nehalem Bay State Park 13

Wheeler Boat Launch/Dock 9

Paradise Cove Marina 8

Brighton Beach 3

Tillamook Bay 35

Bay Ocean Spit Public Park 7

Memaloose County Park 6

Port of Garibaldi 14

Barview Jetty/ Three Graces Intertidal 8

Yaquina Bay 72

South Beach Jetty 17

Port of Newport 41

Sawyers Landing Marina 9

South Bay Charters Marina 5



Table 4.6. Demographic information for Coastal Visitor Survey

in Washington and 82% in Oregon). Mean household
size is 3 in both samples and on average each house-
hold in the sample has approximately 1 child under 18.
In both samples, educational attainment is high, with
almost 50% of the visitors having college degrees. The
majority of respondents were employed in both samples
(63% in Oregon and 69% in Washington). Finally, re-
tirees are a significant demographic subgroup, account-
ing for 15% of the Washington sample and 21% of the
Oregon sample.

The survey responses suggest that summer recreation
trips near the coastal estuaries of Oregon and south-
west Washington are fundamentally different from each
other. During the summer, most of the natural resource-
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based recreation in southwest Washington oc-
curs on the outer coast rather than on or near
the estuaries. In contrast, natural resource-
based recreation in coastal Oregon is split be-
tween the outer coast beaches and the estu-
aries of Oregon. Resource dependent activi-
ties such as crabbing, clamming, boating, and
wildlife viewing are commonly observed at
recreation sites near the estuaries of Oregon.
In contrast, less resource dependent activi-
ties such as beachcombing, sightseeing, and
walking occur frequently at recreation sites
near the coastal estuaries of southwest Wash-
ington. Participation in, and location of, fish-
ing and birding are more similar, with a con-
centration of effort in the estuaries of Oregon
and Washington. As noted in previous reports,
biophysical differences (e.g., depth of water,
size of estuary, bottom characteristics, and
fetch) account for some of this divergence in
recreation behavior as certain estuary types
are simply more suitable for recreation ac-
tivities. For example, the tidal variation and
extensive mudflats of Willapa Bay limit the
extent to which, and timing of when, crabbing
and clamming may occur. In contrast,
Nehalem Bay, which is a much smaller estu-
ary with numerous access points, is well-suited
to crabbing and clamming A second and re-
lated explanation involves the spatial distribu-
tion of social infrastructure and other tourist
amenities. For example, the proximity of ser-
vices such as crab pot rentals or crab prepa-
ration (e.g., cleaning and cooking) can change

the nature of the recreational experience. In addition,
proximity to major highways, restaurants, and other
amenities may have an influence on the demand for
and types of recreation activities. Certainly, the avail-
ability of substitutes (e.g., Puget Sound) also accounts
for some of the differences observed in Oregon and
Washington coastal recreation demand.

Most visitors within our samples were repeat visitors.
In Oregon and Washington, 95 and 87 percent of visi-
tors, respectively, had visited the area at least once be-
fore. The visitation data reveals that regional visitors
appear to have established preferences for either the
Oregon or Washington outer coasts. On average, indi-
viduals interviewed on the Oregon coast reported sig-
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WASHINGTON OREGON

Mean Std Dev Mean Std Dev

Male (Percent) 46.90 63.90

Age (Mean; Years) 39.72 15.56 42.54 15.78

Household Size (Mean; People) 2.73 1.29 2.81 1.33

Children Under 18 (Mean; People) 0.69 0.99 0.74 1.06

In-State Resident (Percent) 84.20 82.20

Educational Background

Some High School (Percent) 5.40 3.00

High School Diploma (Percent) 23.20 16.70
Some College (Percent) 23.20 29.50

College Diploma (Percent) 39.80 34.80

Post-Graduate (Percent) 8.10 12.10

Employment Status

Student (Percent) 8.50 3.80

Employed Full-time (Percent) 55.00 40.50
Employed Part-time (Percent) 14.60 22.90
Retired (Percent) 15.00 21.40
Unemployed (Percent) 2.30 6.90
Income

Under $10,000 (Percent) 0.80 5.90

$11,000 -$30,000 (Percent) 28.30 21.90

$31,000 -$50,000 (Percent) 36.50 22.70
$51,000- $100,000 (Percent) 29.90 36.10

Over $100,000 (Percent) 4.50 13.40

Time on Site (Hours) 2.77 2.72 7.95 7.93

Crab Catch (Number of crabs) - 6.18 5.06

Clam Catch (Number of clams) - 7.66 6.81

N -- 260 N-140
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nificantly higher visitation to the Oregon coast than to
the Washington outer coast. This same trend holds in
the Washington data. The former group reported an
average of 10 trips to the Oregon coast during the sum-
mer of 1999 (as opposed to 1 trip to the Washington
coast), whereas the latter group (i.e., Washington visi-
tors) reported an average of 7 trips to the Washington
coast during the summer of 1999 (as opposed to 1 trip
to the Oregon coast).

Coastal visitors offered a range of descriptions when
asked to specify how their visit to a particular recre-
ation site related more broadly to their visit to the coast.
Natural resource-based recreation trips were taken as
part of both day and overnight trips. For our sample,
day and night trips were evenly split in Oregon (50%;
50%), while in Washington, day
trips (60%) exceeded overnight
trips (40%). In both samples,
many visitors noted that their visit
was part of an extended tour of
the coast, suggesting that indi-
vidual recreation sites are part of
a greater package or attraction
the coast. Interestingly, recorded
spending levels per trip were quite
similar across samples. Average
reported expenditure per trip was
$87.00 in Washington and $85.00
in Oregon. The majority of
spending was on lodging, restau-
rants, and groceries.

Further evidence of the differ-.
ences in recreation demand within
estuarine areas of Oregon and
southwest Washington is mani-
fested in the comparison of what
factors coastal visitors noted as
influencing their choices of rec-
reation site. Figure 4.5 displays
the percentage of respondents
that noted the influence of this
factor in determining their choice.
Convenience and facilities were
meaningful determinants of site
choice in both samples. However,
distinctions in other factors reflect
a separation of active and passive
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Good for children

Good beach for walking

Good tidepooling

Good birding areas

Allows dogs

Boat ramp/launch

Good crabbing

Good facilities

Does not allow motor vehicles

Allows motor vehicles

Recommendation (friend, ad)

Good wildlife

Ample parking

Favorite place

Waves for surfing

Good clamming

Interpretive center/ranger station

Less crowded

Good fishing

Nearby/convenient

Good views

activities. In Washington, beaches good for walking
and "favorite place" were noted as primary influences
of site choice. In Oregon, good crabbing, good fishing,
good views, and no motor vehicles on the beach were
commonly noted as the primary influences of site choice.
A notable exception arises when looking at data from
the Westhaven State Park site in Washington, where
surfing is extremely popular and waves for surfing is
the overwhelming influence on site choice. Active ver-
sus passive recreation interests again may simply re-
flect differences in opportunities, and in turn biophysi-
cal characteristics of the estuaries.

The coastal visitor survey responses hint at the link-
ages between the biophysical environment and recre-
ation behavior (i.e., site choice) and suggest that the

Good trails 11111.11-1 WA

o OR
111111111111111111

1=1

0 10 20 30 40 50

Percentage Responding

Figure 4.5. Important factors that influenced choices to visit coastal recreation sites.
Bars indicate the percentage of respondents by state (Washington and Oregon) that
noted that factor was important.



influence of the biophysical environment on recreation
behavior differs notably across activities. At beach sites,
this influence is often passive and indirect, with the ocean
and long, firm beaches providing an atmosphere or back-
drop. Whereas, at other sites, especially those where
crabbing, hiking, and wildlife viewing occur, the con-
nection with the natural environment is active, with visi-
tors using and/or interacting with the natural environ-
ment. The distinctions in this influence between outer
coast and estuarine-based recreation are important,
especially when considering the benefits of natural re-
source management strategies.

These basic findings based on the responses to the
coastal visitor survey reveal very different patterns of
human interactions with the biophysical environment of
coastal estuaries in Oregon and southwest Washing-
ton. This distinction is important, especially given an
interest in developing tourism as a source of economic
development in coastal counties. The regional econo-
mies of the PNCERS coastal counties all exhibit a con-
sistent trend toward increased reliance on services, re-
tail trade, and tourist industries. Regionally, there is an
understanding that natural resources, including coastal
estuaries, may serve as a tourist attraction and source
of earnings for these economic sectors. However, the
coastal visitor survey results suggest that the role of
estuaries as a catalyst for tourist-based economic de-
velopment is currently stronger and more direct in Or-
egon than in southwest Washington.

The regional nature of recreation demand observed at
these sites may have additional interesting implications
for tourist-based economic development. Our results
suggest that the metropolitan areas of Seattle and Port-
land are home to the majority of visitors to coastal rec-
reation sites near the estuaries of Washington and Or-
egon. This implies that marketing efforts may be ef-
fectively concentrated on these areas. Alternatively, it
suggests that there may be opportunities to attract visi-
tors from other areas.

As a whole, coastal Washington and Oregon support a
variety of natural resource based recreation opportuni-
ties, and the availability of these opportunities is impor-
tant to residents, tourists, and communities. For the
coastal communities, recreation is an important part of
community character and sense of place and, as noted
elsewhere, may be an important source of revenue and

employment. For example, Dean Runyan Associates
(2000a, 2000b), who estimate the regional economic
impact of various industries, estimate that in 1998 rec-
reation accounted for 24 5 million dollars of spending
and 420 jobs in Grays Harbor County and 12.1 million
dollars of spending and 210 jobs in Pacific County in
Washington. In Oregon, these same travel impact esti-
mates in 1998 were as follows: for Coos County - 24.3
million dollars and 360 jobs; for Lincoln County - 58.9
million dollars and 960 jobs; and for Tillamook County -
25 million dollars and 430 jobs. Further analysis of our
coastal visitor survey, supplementary research, and
analysis of similar studies in this region may enable us
to better understand future trends in coastal visitation
behavior and in turn the potential for estuarine centered
tourism development.

Conclusions

As noted at the outset of this chapter, a major goal of
PNCERS is to investigate linkages between the bio-
physical environment of coastal estuaries and the hu-
man communities living or recreating in these areas.
The social science research program is extremely com-
mitted to the pursuit of this goal, focusing almost exclu-
sively on these linkages. The preceding sections of this
chapter offered a depiction of the human (resident and
visitor) communities of PNCERS, with an emphasis on
the interactions between these communities and the bio-
physical environment of coastal estuaries.

Comparing the five coastal counties considered here,
there are striking similarities in the structure of their
local economies and the demographics of their popula-
tions. In all five areas, employment is highest in the
services, retail trade, and government sectors of the
economy, investments and transfers account for the
highest proportion of overall earnings, and government,
services, and manufacturing sectors account for the
highest proportion of private earnings. While natural
resource based sectors of the economy such as fishing,
forestry, and agriculture do not account for extremely
large percentages of employment or earnings, they have
played, and are likely to continue to play, a lesser, though
important role in the local economy of these communi-
ties. Hence, the interaction between industries such as
timber and commercial fishing and the biophysical en-
vironments of coastal estuaries are important to con-
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sider. Earnings of the tourism sector have increased in
all five areas but this industry, characterized by low wage
rates and seasonal employment demands, is not likely
to buffer these communities from factors such as ex-
ogenous economic shocks, seasonal natural resource
based industries, and ongoing transitions in other indus-
tries of the regional economy which have historically
limited the economies of these areas.

Population growth in all five areas is moderate, with
typical growth rates falling below those of Oregon,
Washington, and national averages. Lincoln County is
the notable exception, having grown at a rate higher
than these averages since approximately 1970. The
age distribution in all five areas is skewed, with more
people in the retirement age groups and fewer in the 18
to 29 age group. Jointly, these trends suggest that nei-
ther population pressure nor rapid economic develop-
ment will be major factors affecting the interactions
between humans and the biophysical environment of
coastal estuaries, though some changes may be expected
as the role of manufacturing industries declines and the
retiree population increases. In the future, it will be
interesting to track the relative importance of consump-
tive and non-consumptive uses of coastal estuaries to
the local economies of these communities.

Responses to both the coastal resident survey and the
coastal visitor survey supplement our understanding of
the socio-economic baseline of these five coastal coun-
ties. Residents noted the importance of both social and
biophysical characteristics to their coastal communities.
Overall, most residents revealed a preference for rural
living, noting the importance of fewer people, low inci-
dence of crime, and little traffic congestion. While bio-
physical-related characteristics such as recreation,
views and scenery, clean water in the bay, and being
near the ocean had varying influences on decisions to
stay in or move to a coastal community, they remained
important relative to social characteristics in most cases
and appear to play an important role in attracting new
residents. When asked to note community attributes
that were getting worse, respondents overwhelmingly
noted social characteristics rather than biophysical char-
acteristics. Lack of job opportunities and increased costs
of living were mentioned by numerous respondents.
These responses are consistent with the regional eco-
nomic trends documented in the earlier parts of this
chapter. Comparisons of responses across newer and
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longer term residents and younger and older residents
offered interesting insights regarding potential changes
in the interactions between residents and the biophysi-
cal environment. Notably, newer residents support
greater consideration of environmental factors than
economic factors when making natural resource man-
agement decisions than longer-term residents, and
newer residents considered biophysical or environmen-
tal characteristics to be more important factors to their
decision to move to a coastal community than longer-
term residents. Younger residents consider job oppor-
tunities and cost of living to be more important to their
decision to live in a coastal community than older resi-
dents and did not consider biophysical characteristics
as important to their decision to move to a coastal com-
munity than older residents.

As the local economies of these coastal communities
attempt to diversify and grow increasingly reliant on
service and retail trade sectors, expansion of the tour-
ism sector is likely to be considered. As noted above,
the tourism sector is increasing in all five areas but does
not assume a central role in their local economies.
Coastal estuaries and their associated recreation ser-
vices (e.g., fishing, crabbing, clamming, birding, and
wildlife viewing) are one of many amenities that attract
visitors to coastal communities. The results of the
coastal visitor survey present an interesting contrast
between coastal recreation in the estuaries of Oregon
and southwest Washington. In Oregon, estuary-based
recreation is common, with high participation in resource
dependent activities such as crabbing and clamming.
In contrast, southwest Washington supports limited es-
tuary-based recreation. Most visitors to this area spend
time recreating in outer coast areas, with high partici-
pation in less resource dependent activities such as beach
combing and sightseeing. Biophysical differences in
these two groups of estuaries such as size, depth of
water, and bottom characteristics may account for these
differences. These trends suggest different interac-
tions between visitor communities and the biophysical
environment of coastal estuaries in Oregon and south-
west Washington.

By examining ways in which residents of and visitors to
coastal communities use and/or value aspects of coastal
ecosystems; the extent to which regional economies
are dependent on the natural resources of coastal eco-
systems; the stress on the ecosystem of human activi-



iies such as land development, extraction of fish and
crabs, timber harvesting, water pollution, and dredging;
and the effectiveness of current management ap-
proaches and feasibility of alternative management ap-
proaches, the social science research program offers
an interesting portrait of the human communities of
PNCERS. Improved knowledge of human values and
behavior (individuals, firms, management agencies) will
enable us to better understand future socio-economic
dynamics, anticipate likely human interactions with the
biophysical environment of coastal estuaries (both posi-
tive and negative), and facilitate effective management
of the coastal ecosystems and marine resources of the
Pacific Northwest.
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Coastal Ocean-Estuary Coupling
Barbara M. Hickey

Research Highlights

Intrusions of water from the Columbia River
plume frequently dominate physical characteris-
tics such as stratification and net circulation in
spring and early summer in Washington estuar-
ies.

The Columbia River plume plays an important
role in determining characteristics of the
nearshore coastal environment off both Wash-
ington and Oregon in spring and summer.

Significant interannual variability in both winds
and currents occurs in the Pacific Northwest
coastal region.

Significant alongshore differences in winds and
currents occur in the Pacific Northwest coastal
region.

Table 5.1. Time line for current and water property measurements offshore of Washington (GHOS) and
Oregon (CBOS). Data were collected with PNCERS support from fall 1997 to spring 2000, with Washington
Sea Grant support in 1995 and 1996 and with GLOBEC support from spring 2000 to the present. Lightly
shaded bands indicate projected continuing data collection.
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CBOS
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Chapter 5

Our component of PNCERS was designed to address
the physical variability in several Pacific Northwest
estuaries, the relationship between variability in the
coastal ocean and these estuaries, and, in concert with
fisheries components of PNCERS, to determine fac-
tors that cause variability in year class strength in sev-
eral important species. Measurements in three estuar-
ies (Grays Harbor and Willapa Bay, Washington; Coos
Bay, Oregon) allow comparative studies in both fishery
success and environmental variability.

Results and Discussion

Data Collection
Our primary task during the last three years has been
to maintain water property and current instrumentation
within three coastal estuaries and at two sites on the
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Table 5.2. Time line for physical oceanographic database in Pacific Northwest coastal estuaries (Willapa Bay,
WB; Grays Harbor, GH: and Coos Bay, CB). Data were collected with PNCERS support from spring 1998 to
spring 2000, and with Washington Sea Grant support the remainder of the time. Lightly shaded bands indicate
projected continuing data collection. Data labeled "estuary" includes currents as well as water properties
(conductivity and temperature). Data labeled "pilings" includes only water properties.

CB-Estuary

2000
GH-Estuary

WE-Estuary
WE-Pilings

CB-Estuary

2001
VVB-Pilings

adjacent coast. Time lines of data collected to date with
PNCERS support as well as the support of several other
agencies (EPA, Washington State Sea Grant, NOAA
GLOBEC) are shown in Tables 5.1 and 5.2.

In general, moorings and sensors were cleaned and re-
furbished at approximately quarterly intervals in estu-
aries and semiannually on the shelf. Seven sites were
occupied and each site required separate ships and trips
for each refurbishment. All moorings were recovered
for the final time in June 2000.

Because of the strenuous field effort, data processing
has lagged the collection effort. The analysis this year
to date was primarily restricted to data from Willapa
Bay and the offshore mooring at Grays Harbor. Data
analysis will be emphasized in the fifth year of PNCERS.

Analysis
Along-coast gradients in the larger scale environmental
forcing occur in the Pacific Northwest. For example,
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the duration of coastal upwelling decreases towards more
northern latitudes. On the other hand, in winter and
spring, the strength and occurrence of storms increases
toward the north. The position and strength of the Co-
lumbia River plume is very important in nearshore re-
gions and estuaries of the Washington coast but not in
nearsh ore regions of the Oregon coast. Interannual dif-
ferences in nearshore environments may occur due to
changes in wind forcing, rainfall and snowpack in coastal
mountains. Such spatial and temporal differences may
have important consequences on nutrient and food avail-
ability for the coastal biomass as well as larval trans-
port along the coast. Below we present initial results
focused on distinguishing important temporal and spa-
tial gradients in the Pacific Northwest nearshore and
estuarine environments.

Variability in Winds
Wind data is particularly important in the Pacific North-
west given that alongshore wind stress provides the pri-
mary forcing for currents on the continental shelf. Wind

JAN 1EB MARCH APRIL, MAY JUNE JULY AUG SEPT OCT NOV DEC
1995
WB-Estuary Nagai
1996
WB-Estuary 1 4i,A

1997
WE-Pilings /4.01Pleak.7:-

1998.

WE-Estuary

CB-Estuary

WE-Pilings '''% '

GH-Estuary MINEEMEMEMINEEIN IMMME 11111111111111M

1999
(H-Estuary

, ust -, ki.,-2,.: -4165ffli,L, md4.Iiktit - Wag/ -WB-Estuary



stress is primarily responsible for the majority of cross-
shelf transport, both near the surface and near the bot-
tom of the water column. The direction of local wind
stress is the determining factor in the location of the
plume from the Columbia River. Variability in wind stress
is likely responsible for the majority of variability in the
coastal environment in this region. For this reason, wind
data have been collected, edited and processed from all
available buoys near current meter moorings. The data
have been used to compute wind stress, which will be
used in subsequent analyses.

Time series from 6 years at the Columbia River buoy
site (Figure 5.1) show that significant interannual vari-
ability occurs in several statistics: e.g., frequency and
strength of storms (periods of northward winds), dura-
tion and strength of upwelling (periods of southward

persistent upweiling

io 2o

April

3)) 10 20 30 10 20 .30 10 20 30 10 20 30 10 20 30

May June July August September

winds), and mean seasonal wind strength. In some years,
winter storms begin in September (1997, the El Nifio);
in others, upwelling continues through early fall (1998).
In some years there are long periods of upwelling (1998);
whereas in others upwelling is frequently interrupted
(1995 and 1999). In some years, major upwelling is de-
layed until late June (2000); in others it begins in May
(1995).

Winds over the Pacific Northwest are relatively large
scale, a result of the atmospheric forcing along the Pa-
cific coast. Nevertheless, time series of winds at se-
lected sites during a single year show that winds also
have significant site-to-site variability (Figure 5.2). In
particular, storms occur much later into spring in Wash-
ington than in Oregon. In summer, upwelling winds are
stronger off Oregon than Washington; yet events are

correlated between the sites. Some of the dif-
ferences in the time series shown may also be
due to the varying distances offshore that the
data are collected.

Variability in Currents
Currents at the site off Grays Harbor, Wash-
ington in several years show that currents as
well as winds have significant interannual vari-
ability in character (Figure 5.3). For example,
in spring 1999, following a La Niria winter,
snowpack was extremely high in coastal moun-
tains, leading to an enhanced plume from the
Columbia River. This plume provides substan-
tial stratification, inhibiting currents at deeper
depths (in this case, 30 m). In addition, mean
flow at these depths is predominantly north-
ward even during the spring and summer. In
fall of the El Nino year (1997) the magnitude
of northward current events as well as the
northward mean flow is much greater than in
years not influenced by an El Nirio.

Ar transported
to roast

Figure 5.1. Time series of wind (positive northward) at one site off the
Washington coast (Buoy 46029 near the Columbia River) from April to
September 1995 to 2000. Note the large winter storms in fall of 1997,
indicative of El Niiio conditions. Note also the persistent upwelling in
summer of 1998. Currents associated with the fall storm on about
September 20 following this upwelling brought toxic algae to the
Washington coast where they infected razor clams along the beaches.
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Currents at midshelf off Coos Bay in southern
Oregon also have significant interannual vari-
ability (Figure 5.4). For example, strong up-
welling extends through the summer in 2000,
but not in 1999. On the other hand, springtime
upwelling is much stronger in 1999 than in
2000. Thus, in spite of the variability of char-
acteristics, the net upwelling, in this example,
might have little difference between the years.
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Figure 5.2. Alongshore component of winds (positive northward) at several
sites in the Pacific Northwest from the tip of Washington (Tatoosh) to Coos
Bay (Cape Arago) in southern Oregon. Tatoosh, Destruction Island and Cape
Arago are on land; the remainder are on coastal buoys. With the exception of
Tatoosh, the data illustrate the high degree of similarity between sites,
consistent with the large scale nature of forcing during this period.
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Figure 5.3. Alongshore component of subtidal currents at mid depth off Grays
Harbor, Washington in a bottom depth of about 41 m.
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Figure 5.4. Vector velocity of subtidal currents at selected depths off Coos Bay, Oregon in two spring-
fall seasons. Bottom depth is about 90 m.

Thus, in attempting to explain observed changes, it is
important to know exactly which characteristics of the
environment are important to a particular organism.

Time series from the Oregon site in winter show that
fluctuations are strongly wind-driven and that the cur-
rents are primarily barotropic (constant with depth) (Fig-
ure 5.5). This is clearly not the case in the spring-sum-
mer season, when vertical shear is substantial and an
undercurrent appears at deeper depths (Figure 5.4).

Variability in Estuary Water Properties
Time series of temperature and salinity in a single estu-
ary over the last 3 years illustrate that the estuary, like
the coastal ocean, has a high degree of variability (Fig-
ure 5.6). Temperature in the estuary is dominated by a
seasonal cycle, cooler in winter and warmer in sum-
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mer, a reflection of seasonal heating and cooling. Oc-
casional dramatic cooling events are observed in win-
ter during outbreaks of cold Arctic air over the Pacific
Northwest. Variability in salinity is dominated by events
of much shorter duration (a few days), reflective of the
changing wind conditions along the coast and the type
of coastal water made available to exchange with the
estuary (Hickey et al. 2001). In particular, intrusions
into the estuary of fresher water from the plume of the
Columbia River dominate salinity records in winter and
spring. Year-to-year variability in the strength of the
intrusions is observed; for example, in 1998 following
the El Nifio, when snowpack in the coastal mountains
was particularly low and the Columbia River plume vol-
ume was accordingly smaller than average, the salinity
of intruding plume water was not as low as in later
years with a normal or above average snowpack.
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Figure 5.5. Vector velocity off Coos Bay, Oregon in a fall-winter period. In contrast with Figure 5.4,
currents are primarily uni-directional from top to bottom. Currents reverse direction every few days.
Fluctuations in along-shelf currents are strongly correlated with the along-shelf wind shown at the top
of the figure.
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Figure 5.6. Time series of salinity and temperature in Willapa estuary in
the lower water column (-10 m) at a station about 10 km from the estuary
mouth.
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variability.

COOP (Coastal Ocean Program). As a member of the
National Science Foundation supported COOP steer-
ing committee Barbara Hickey has represented
PNCERS at two semiannual meetings this year. At these
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oceanographic interpretation to V. Trainer (NMFS) and
R. Horner (UW) to help understand HABS blooms off
the Washington coast. A paper is in preparation. We
have obtained funding from NOAA to continue these
studies (the ORHAB program), with partners from the
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ton Indian Tribes.
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support and lodging for our Coos Bay surveys and moor-
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(WDFW). Brett Dumbauld has provided a small boat
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for many of our Willapa trips to clean or refurbish sen-
sors and collect CTD data. We have provided Dr.
Dumbauld with results from recent drifter and Doppler
current surveys. We have undertaken surveys in inter-
tidal regions of Willapa Bay of particular interest to
WDFW.

Department of Ecology (DOE). We have been col-
laborating with Jan Newton in a number of analyses for
Willapa Bay. In particular we have shared CTD data
as well as data from moored sensors. These data are
being incorporated into several papers describing bio-
physical interactions between Willapa Bay and the
coastal ocean.
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Plankton Patches, Fish Schools, and Environmental Conditions in the
Nearshore Ocean Environment Chapter 6
Gordon Swartzman

Research Highlights

Salmon survival relationship to plankton dis-
tribution. Examination of the relationship of
coded wire tagged salmon survival to local (to
the river of origin) nearshore plankton patch dis-
tribution and other factors. This project involves
extracting plankton patch information in the neigh-
borhood of river mouths and estuaries harboring
major salmon runs. Collaborators: Ray Hilborn,
Arni Magnusson, Elizabeth Logerwell.

Environmental modeling of ocean features and
their relationship to fish and plankton distri-
bution. Comparison of the distribution of fish
schools and plankton patches in the nearshore
ocean environment to upwelling conditions, fronts,
and bathymetric features. Collaborators: Barbara
Hickey; Susan Geier, Nancy Kachel.

Modeling the relationship of diel migration pat-
terns to larval transport using ADCP data from
moorings in the nearshore ocean environment
close to estuaries. A paper is in preparation for
submission to a journal. Collaborator: Curtis
Roegner.

Obtain additional acoustic data in Oregon-
Washington nearshore environments. These
include survey data conducted by PNCERS re-
searchers and data from other ships of opportu-
nity including BPA and GLOBEC sponsored sur-
veys. Collaborators: Elizabeth Logerwell, Ric
Brodeur, Chris Wilson.

Bird-fish Interactions. Examination of bird-fish
and bird-plankton interactions and the relation-
ship of local fish and plankton patch distribution
and other factors on bird colony size and, where
possible, breeding success. Collaborator. Julia
Parrish
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Tania Honkalehto, NMFS AFSC Provided acoustic data
for 1995 and 1998. Provided CTD data for 1995 and
1998, including programs to contour and meld these data.
Helped write and critique the manuscript under prepa-
ration.

Michael Kosro and Steve Pierce, Oregon State Uni-
versity. Provided 1995 ADCP data in ASCII form, will
provide 1998 data.

Mark Saunders, Kenneth Cook and Robert Kieser,
Canadian Marine Fisheries Laboratory, Nanaimo. Meet-
ing to discuss methods of identifying zooplankton
patches.
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processing data on BPA and GLOBEC sponsored
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Seabirds as Indicators, Seabirds as Predators Chapter 7
Julia K. Parrish and Elizabeth Logerwell

Research Highlights

Seabird populations, exemplified by the most
abundant piscivorous resident common murres

are regulated by both bottom-up and top-down
forcing. Oceanographic and atmospheric forc-
ing may regulate regional production both
decadally and annually (e.g., Pacific Decadal Os-
cillation, El Nifro-Southern Oscillation). Along the
majority of the coastline, changes in regional forc-
ing will cause seabird colonies to experience lo-
cal stress, as the local carrying capacity is sud-
denly lowered. Seabird colonies express this
stress as lowered reproductive success and low-
ered attendance. This is the case with the
Yaquina Head murre colony, which experienced
reproductive success in 1998 60% lower than 1999
and 2000, and which has grown by a factor of
three between 1998 and 2000.

However, all colonies do not track global to re-
gional physical forcing in the same manner. We
hypothesize that some colonies are situated close
to local physical features, such as canyons, which
create localized zones of higher production, even
in regionally poor years. Tatoosh Island murres
may be such a colony. This relationship is ex-
plored more fully in the Nearshore Chapter.

Top-down forcing is provided by the dominant
natural predator in the system Bald Eagles.
Over 10 years of monitoring and experimenta-
tion on the Tatoosh Island murre population has
shown that eagles exert both direct (i.e. mortal-
ity) and indirect (in this case, egg predator facili-
tation) pressure which regulates the murre popu-
lation. The primary forcing is indirect. Eagle
presence is on the rise throughout the coastal
Pacific Northwest, leading us to speculate that
the balance between bottom-up and top-down
forcing may change in future. At our Yaquina
colony, the presence of eagles and incidence of
predation has risen at least two fold since 1998.
The relationship between predator pressure and
seabird response has been explored in earlier
Annual Reports, and is the subject of a recently
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accepted article in Ecological Monographs
(Parrish et al. 2001).

Seabirds consume a diverse array of fishes, rang-
ing from the lower trophic level forage fishes (ex-
emplified by Clupeoids, Osmerids, and
Ammodytids) to juveniles of commercially impor-
tant species such as salmon and rockfish. Occa-
sionally, fishes rare in the euphotic zone, such as
myctophids, are taken. Diet data from the Tatoosh
Island common murre colony echoes patterns of
forage fish decline as reported by Canadian De-
partment of Fisheries and Oceans (DFO) per-
sonnel: local depletion of eulachon and increas-
ing scarcity of Pacific herring. Between 1996
and 2000, the percent eulachon in the diet of
chicks dropped from approximately 20 to less than
five. Thus, seabird diet may be a good proxy for
changing distribution and abundance of forage
fishes. By contrast, larger demographic variables,
such as reproductive success or colony size,
should only respond to changes in fish abundance
if the colony is at or near carrying capacity. In
summary, diet data may provide a proactive moni-
toring tool, whereas demographics are likely to
be reactive and then only to extremes. To ex-
plore the relationships between seabirds as preda-
tors and forage fish in the nearshore environment,
we have enlarged our original retrospective analy-
sis to hindcast the potential impacts of piscivo-
rous seabirds on fish prey in the California Cur-
rent System (CCS) over the past three decades.
We report initial results below.

Introduction

Although seabirds are often overlooked by scientists,
fishers, and fishery managers as significant marine
predators, in fact, many species feed exclusively on fin-
fish, including the juveniles of many important commer-
cial species (e.g., rockfish, salmon), as well as on the
adults of commercially important baitfish (e.g., anchovy,
herring). The degree to which seabirds impact fishery
stocks thus depends on the abundance of each piscivo-
rous seabird species and their diet (also expressible more
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Table 7.1. Summer and winter population estimates for seabird taxa
in the CCS, by region. Data are taken from a variety of published
sources and represent an amalgam of at sea and on colony counts and
estimates from the 1970s through the 1990s. Data quality vary greatly
across regions. Note that migrants to the system are shown in italics.

generally as daily energetic demand). Because many
piscivorous seabirds take forage fish, changes in the
abundance of dominant forage fish species, such as the
reemergence of sardines (Sardinops sagax) over an-
chovies within the CCS or the recent crash in eulachon
(Thaleichthys pacificus) off the coast of Vancouver
Island (K. Morgan, CWS, DFO pers. comm) may cre-
ate both trickle down and trickle up change in nearshore
systems.

For this analysis, we gathered data from at-sea sur-
veys, on-colony surveys, and all forms of diet informa-
tion. Data represent the collective efforts of over 50
individuals. At sea data were spatially stratified where
possible, and are used to determine total abundance
by species for all species in winter, and for non-breed-
ing species in summer. On colony data are usually re-
ported as attendance the number of birds counted on
the colony at one specific time and are used for all
breeders during summer. Attendance data are corrected
upwards to estimate breeding population, and then again
to estimate total population. Diet data are converted to
percent by energy for all prey species.
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Seabirds are marine birds foraging primarily to
exclusively in the marine environment. Within
the CCS, seabirds are found both breeding and
as non-breeders. This latter category includes
young individuals (prebreeders), individuals
which have elected to skip breeding in any given
year, and species which breed elsewhere, but
migrate into the CCS during the nonbreeding
season (Table 7.1). In total, 16 primarily pis-
civorous seabird species (excluding minor gull
species) are found within the nearshore CCS
(defined herein as from the shoreline out to 2000
meters of depth). For this report, we have di-
vided the CCS into political regions (British Co-
lumbia, Washington, Oregon, and California),
and further subdivide California into north and
south (subdividing the State at Pt. Conception)
and amalgamate data over the 30 year period.
Although oceanographic regions may be more
biologically appropriate, data are most often re-
ported by state.

Results & Discussion

There are several patterns of note in the abundance
data. First, several species occur during the summer,
but are not found in substantial numbers in the winter
(e.g., pelicans, shearwaters, albatross), and vice versa.
The latter two species breed outside of the CCS (south-
ern hemisphere and Hawaii, respectively). Kittiwakes
and fulmars (the Alaska breeders) are only found in the
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Figure 7.1. Total annual energy demand by seabird predators
in the coastal shelf environment, by region.
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BC WA OR nCA sCA
Summer
Murres 13000 15000 1068000 527000 0
Rhinos 1078500 91200 1500 2600 0
Gulls 86900 59900 25500 50700 41900
Cormorants 19900 9800 81500 81000 44000
Puffins 116900 4500 7500 0 0
Terns 0 0 24000 0 0
Pelicans 0 0 0 0 17900
Shearwaters 114000 415000 55700 2161700 107500
Albatross 14100 4400 3300 20100 600
Winter
Murres 33700 94500 97800 296400 0
Gulls 31100 35900 22400 227700 838700
Rhinos 25500 1000 1400 149900 0
Kittiwakes 0 28000 12500 103800 42100
Fulmars 9400 68300 7600 23000 85500
Cormorants 7500 5700 5000 8400 0
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CCS during the winter. Second,
some species exhibit a cline in dis-
tribution (e.g., pelicans are found in
the south, but not in the north; murres
are found predominantly in the middle
of the CCS). Third, some species
exhibit a cline in time (e.g. sooty
shearwaters were five times more
prevalent in the 1970s relative to the
1990s). Fourth, some species ap-
pear to have an erratic distribution
and abundance pattern (e.g., rhinoc-
eros auklets). This latter pattern
may be more indicative of data qual-
ity, than biological reality, and reflects
the fact that the smaller, burrow nest-
ers are harder to adequately sample
both during the breeding season and
on the water in the winter. Finally,
the dominant resident and migrant
species murres and sooty shear-
waters, respectively, overwhelm all
other patterns mentioned above
when abundance data are aggre-
gated across these two categories.

Abundance, although useful, does
not adequately represent seabird
pressure on forage fish resources,
because piscivorous seabirds range
widely in mass from black-legged kit-
tiwakes (.04 kg) to black-footed al-
batross and brown pelicans (3.0 kg).
Using standard field and laboratory-
derived measurements, as well as
occasional allometric standardization
equations, it is possible to calculate
a second parameter energy de-
mand (billions of Kcal). In total in
the CCS, we estimate 3606 metric
tons of seabirds annually demand
431 billion kilocalories of fish. Note that these esti-
mates only include adult birds, and do not include the
chicks produced within the breeding season. Thus, these
values are conservative. Because the nearshore envi-
ronment differs greatly in size among the political re-
gions of the CCS, we have also divided energy demand
by region size, to produce annual estimates per kilome-
ter squared (Figure 7.1).
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Energy demand can be translated into biomass of for-
age fish using literature-derived values for forage fish
energy content (in kcal/g). Thus, if seabird diet is known,
total biomass for each fish species consumed can be
calculated. Results of such a calculation are shown for
common murres (Uria aalge), by region, based on gut
contents from birds collected at sea (Figure 7.2). No-
table patterns include the change in dominant prey spe-
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cies and in diet breadth from north to south.
Preliminary data indicate a lessening of diet
breadth with decade across all regions.

Do seabirds impact forage fish, or perhaps
even commercial stocks? Can retrospective
analyses be used to construct more ecosys-
tem level fishery management schemes? We
discuss three aspects of these questions be-
low: environmental zoning based on measured
and inferred knowledge of seabird foraging
needs and spatial patterns, cohort analysis
an examination of the degree to which sea-
birds impact individual forage fish stocks by
age/size category, and consideration of sensi-
tive species the degree to which seabirds,
by species and in total, may affect threatened
or endangered fish stocks. All three explora-
tions indicate that seabird-fishery interactions
are much more complex than those commonly
identified seabird bycatch and direct com-
petition and that comprehensive ecosystem
management in the nearshore environment is
needed.
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Environmental Zoning
During the breeding season, murres and other CCS
breeders do not range evenly over the nearshore, but
are found clustered adjacent to the colony. Assuming
murres have a foraging range of 30 km, prey consump-
tion for the largest colonies may be 5-15 times higher
than the regionally integrated estimates given in Figure
7.2. Depending on the colony size and diversity of pis-
civorous species nesting in any one location, the range
of preferred prey species as well as prey species taken,
and the overall distribution and abundance of prey, in-
teractions with fisheries, especially direct competition
(as is the case with some forage fish fisheries) should
be minimized. Analyses such as the one presented here
could be used to determine the range of biomass ex-
tracted by seabirds, given maximum foraging flight dis-
tances. These data could, in turn, be used to construct
a set of no to low extraction zones, in order to maximize
seabird survivorship as well as fishery returns.

Cohort Analysis
For some prey species, such as sardine, seabirds (ex-
emplified by murres) and fishers do not compete di-
rectly because the age classes taken by birds and hu-
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Figure 7.3. a) Age frequency distribution of BC herring in 1999. b) Total
herring available to common murres (in this case, all of above) and the
estimated consumption of common murres (black).

mans are different. For other species, such as herring,
anchovy, and eulachon, seabirds and fishers may com-
pete more directly, as adult fish are still within the size
range consumable by birds (e.g. for munres maximum
standard length of about 22 cm). In these cases, birds
take both pre-reproductive and reproductive fish, and
may consume a sizable fraction of a stock (Figure 7.3).
This may have consequences for the fishery and the
seabirds. Fishery management needs to be based on
an honest assessment of what upper trophic level preda-
tors consume - by stock. Equally important is the "man-
agement" of the seabird species. As mentioned above,
compromises such as environmental zoning may be
appropriate. Additional diet breadth information can
also be used to determine the propensity of a predator
to switch to alternate prey, if target prey become un-
available due to overfishing or other non-human effects.

Sensitive Species
Some prey species have stock status concerns inde-
pendent of, or even exacerbated by, seabird predation,
for instance threatened and endangered stocks of Pa-
cific salmon. In the lower Columbia River, caspian terns
(Sterna caspia) have rapidly increased in population in
the last decade (to almost 20,000 birds), and are now
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thought to consume 2-5% of the total salmon smolt pro-
duction of the Columbia (estimated at 250 million; Collis
et al. 1999). Collis et al. (1999) calculate that terns
nesting at an up-estuary site have a diet of over 90%
salmonids. This situation has led to calls for tern re-
moval to downriver sites (where diet breadth increases
significantly), or even removal from the Columbia River
system. However, terns represent a very small per-
centage of the total number of piscivorous seabirds in
the estuarine and nearshore systems, through which all
salmon smolts must pass. Cormorants, gulls, murres,
rhinoceros auklets, tufted puffins, and pigeon guillem-
ots all consume salmon at low levels (1-5% of total diet,
by number). Because these species collectively total
well over one million birds in coastal Oregon alone, the
total number of salmon smolts likely consumed by these
predators vastly exceeds the total consumed by terns.
Fishery management at the ecosystem level is needed,
not only to estimate predation by all predators rather
than one species at a time, but to plan a realistic strat-
egy for recovering the affected stock. Sequential elimi-
nation of significant upper trophic level predators (e.g.
all seabirds consuming over a biomass threshold of
salmon) is simply not realistic.
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Ecosystem Modeling Chapter 8
Elizabeth A. Logerwell

Research Highlights

A statistical model relating a series of ocean vari-
ables to Oregon Production Index (DPI) coho
smolt-to-adult survival explains a significant por-
tion of the variability in survival observed from
1969 to the present.

The model suggests that in addition to average
spring upwelling winds, the effect of the previ-
ous winter on water column stability plays a role
in determining the productivity of the nearshore
ocean.

Event-scale processes such as the timing of the
spring transition and the daily variability in spring
upwelling winds are important.

Ocean conditions during the first winter at sea
explain additional variability in coho survival.

Introduction

Coho salmon are a valuable resource to fishermen and
conservationists alike. In the Pacific Northwest, they
have served as the basis of extensive commercial and
sport fisheries since the early 1900s. Recently, serious
concerns have been expressed about extinctions of a
number of Pacific Northwest coho salmon stocks, war-
ranting listings under the U.S. Endangered Species Act.
Because their ultimate fishery and spawning produc-
tion seems to strongly relate to ocean conditions during
their first several months in the ocean, Pacific North-
west coho salmon have served as a bellweather spe-
cies for variability in the coastal physical and biological
environment. Since the early 1980s, much has been
written about this relationship (e.g., Nickelson 1986;
Pearcy 1992; Emlen et al. 1990; Coronado & Hilborn
1998; Lawson 1993; Ryding & Skalski 1999; Cole 2000).

Since Nickelson's (1986) classic study on the relation-
ship between coastal upwelling and the productivity of
Pacific Northwest coho, several recent studies have
significantly advanced our knowledge in this area.
Ryding and Skalski (1999), using coded-wire tag (CWT)
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return data, relate coho marine survival to coastal SST,
time of the spring transition (beginning of the upwelling
season) in the year of ocean entry, and intensity of sea-
sonal upwelling. Cole (2000) matched ocean tempera-
tures with coho marine survival over the relatively short
period between 1985 and 1996 and related this to a
number of ocean environmental variables. He concludes
that cold upwelling conditions from April to June of the
fishes' first year in the ocean promote high survival and
warm conditions from January to June of their second
year are detrimental to survival.

The research presented here is the result of a collabo-
ration with Robert Francis (School of Aquatic and Fish-
eries Sciences (SAFS)), Vera Agostini (SAFS and Joint
Institute for the Study of the Atmosphere and Ocean
(JISA0)), Nathan Mantua (JISAO), and Peter Lawson
(National Marine Fisheries Service). Our work breaks
new ground on a number of fronts. First and most im-
portant, we posit that it is the sequencing of events in
the Pacific Northwest coastal ocean that affects ma-
rine survival of small coho salmon. This sequencing
starts in the winter before ocean entry what we call
winter preconditioning set by the intensity of the winter
Aleutian Low and the state of the tropical ENSO pro-
cess. It then continues into the spring of ocean entry
with the timing of the transition in prevailing coastal
wind from southwest to northwest, the density struc-
ture of the upper ocean, and the intensity and variability
of the coastal upwelling process. Finally, ocean condi-
tions during the first and only winter most coho spend in
the ocean ends the sequence. In particular we point out
that while this sequence seems to be what is important
to coho productivity, the individual processes that make
up the sequence are not necessarily correlated such
that in some instances environmental bottlenecks de-
termine ocean productivity and coho survival.

Results and Discussion

To examine the role of ocean variability for coho sur-
vival we analyzed a time series of coho survival and a
suite of oceanographic variables. Pacific Northwest
coho salmon live three years, spending 18 months in
freshwater and 18 months in the ocean (Sandercock
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Figure 8.1. Time series of Oregon Production Index (OPI)
coho smolt-to-adult survival.

1991). The first three months of ocean residency are
generally regarded to be a critical period because the
majority of marine mortality occurs at this time (Pearcy
1992), thus we focused on oceanographic conditions
during April through June. We did not, however, en-
tirely ignore other seasons. Ocean conditions during
the winter after juveniles migrate to sea have also been
shown to influence survival (Lawson 1997).

Our time series of coho survival was from hatcheries in
the Oregon Production Index (OPT) region. Because
the data are from hatchery fish, freshwater mortality is
a negligible proportion of total mortality. Although the
OPI region extends from California to southern Wash-
ington, the majority of smolts are released from lower
Columbia River hatcheries (Pearcy 1992). Coho are
not as migratory as other species of salmon. As late as
July, most juvenile coho from the Columbia River are
found in coastal waters of Washington and Oregon and
do not move to Vancouver Island or California (Pearcy
& Fisher, 1988). Thus, we examined oceanographic
conditions off Washington and Oregon.

Variable name Description
NPUFM.t0
UW.JFM.t0
SST.JFM.t0
TRANS
UW.AMJ
SST.AMJ
SLAMJ
CV
NPLJFM.t1
UW.JFM.t1
SST.JFM.t1
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Smolt-to-adult survival of OPI coho has been declining
since the beginning of the time series (1969) and there
is substantial interannual variability (Figure 8.1).

Table 8.1 shows the full suite of environmental vari-
ables we examined. Variables from the winter before
ocean migration were of interest in regards to "winter
preconditioning." The idea is that exceptionally strong
southerly (downwelling) winds in winter can create a
deep surface layer of relatively warm water. Because
more wind energy is required to mix through a strongly
stratified water column (Mann & Lazier 1991), spring
upwelling winds may be less effective at bringing cold
nutrient-rich water to the surface following a winter of
strong downwelling. We included spring transition in
our suite of variables because a delay in the onset of
spring and the associated increase in ocean productiv-
ity could result in insufficient food for smolts upon ar-
rival in the ocean (Ryding & Skalski 1999). Spring
variables relating to upwelling were included because
wind-driven upwelling of nutrients fuels coastal pro-
ductivity and should thus be related to the amount of
food available for coho smolts (Nickelson 1986). We
were interested in daily variability in upwelling winds
because we hypothesized that variability in the strength
of upwelling winds may result in periods of stratifica-
tion which would hold nutrients and phytoplankton near
the surface, alternating with periods of upwelling which
would then refresh the nutrient supply (Sverdrup 1953).
The end result would be greater ocean productivity.
Finally, we examined ocean conditions during the win-
ter following ocean migration because SST during this
time of year has been shown to be correlated with coho
survival (Lawson 1997), perhaps because cooler SST
indicate higher ocean productivity.

Table 8.1. Descriptions of the environmental variables (with model code names) examined for relationships
with coho survival.

North Pacific index, Jan-Feb mean, year of ocean migration
Bakun upwelling index at 45" N, Jan-Feb mean, year of ocean migration
Sea surface temperature, Charleston OR, Jan-Feb mean, year of ocean migration
Date of spring transition
Bakun upwelling index at 45°N, April-June mean
Sea surface temperature, Charleston OR, April-June mean
Sea level at South Beach OR, mean of monthly residuals from Apr-June
Coefficient of variation in daily Bakun upwelling index, transition to June
North Pacific Index, Jan-Feb mean, year after ocean migration
Bakun upwelling index at 45° N, Jan-Feb mean, year after ocean migration
Sea surface temperature, Charleston OR, Jan-Feb mean, year after ocean migration

01 1- CO 10 r-. 0) I- CO LO Ps 0) 1- CO In Ps
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Figure 8.2 shows the bivariate relationships between
OPI coho survival and each variable. The relationships
are linear for some variables (such as winter SST the
year before ocean migration) but nonlinear for others
(such as spring upwelling and CV of upwelling).

Variables within seasons (for instance winter North
Pacific Index, sea surface temperature and upwelling
winds) were correlated with each other, whereas vari-
ables between seasons were not (Table 8.2). Spring
transition date and daily variability in spring upwelling
winds were generally not correlated with other vari-
ables (except for a moderate correlation between spring
transition date and spring sea level). Because of this
within-season coherence, we selected single variables
from each season as indices. They were: winter sea
surface temperature the year before ocean migration,
spring transition date, spring upwelling winds, daily vari-
ability in upwelling winds and winter sea surface tern-
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Figure 8.2. Bivariate relationships between each environmental variable and coho survival. The solid lines
are loess smoothers (span=0.75, degree=1) and the dashed lines are linear fits. Asterices (*) indicate
relationships (linear or loess) that are statistically significant at p<0.05.

perature the year after ocean migration. Selection was
based, in part, on whether the bivariate relationships
with coho survival were statistically significant (Figure
8.2).

Because there were many instances of nonlinear rela-
tionships between coho survival and environmental fac-
tors, we used generalized additive models (GAM) to
quantify the effect of ocean variability on survival. Sta-
tistics were carried out with S-plus software (Mathsoft,
Inc.).

The GAM model was constructed step-wise (Table 8.3).
Only terms that resulted in a decrease in residual devi-
ance (and an increase in R2) and a decrease in C (a
statistic that assesses model parsimony) were included
in the model. The significance of the improvement in
model fit with each additional term was evaluated with
analysis of deviance (the resulting F-statistics and p-
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Table 8.2. Correlation matrix among environmental variables. Bold indicates clusters of correlated variables.

NPUFMTO UW.JFM.t0 SST.J.FM.I.0 TRANS UW.AMJ SST.AMJ SL.AMJ CV NPLITMA1 IJW.WM.t1 SST.JFM.11

values are shown). All five environmental variables
passed the criteria and were included in the final model.

Plots of the GAM model partial residuals show the
shapes of the relationships between coho survival and
each environmental variable (Figure 8.3). Survival was
linearly related to winter SST before ocean migration
with higher temperatures associated with lower surviv-
als. There was a nonlinear relationship between sur-
vival and spring upwelling, survival increased rapidly at
upwelling indices greater than 25. A b-spline (indicated
by bs() in the S-plus model and output) provided a good
fit for spring upwelling. The relationship between spring
transition and survival was linear, later springs were
correlated with lower survival rates. There was a dome-
shaped relationship between daily variability in upwell-

Table 8.3. Construction of the GAM model. As each term is added, deviance (and R2), Cp
(model parsimony) and the F-statistic are examined to determine whether the term will
be included in the final model.
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ing winds and survival, the optimum CV was around 2.
A natural spline, ns(), was the best fit in this case. The
relationship between winter SST after ocean migration
was nonlinear, survival increased rapidly at tempera-
tures lower than around 10°C. The model combining
the linear and nonlinear terms portrayed in Figure 8.3
explained 76% of the variance in OPI coho survival
(R2=0.76), and the fit was statistically significant
(F=7.465, df=8,19, p<0.001). Figure 8.4 compares the
time series of observed survival to that predicted by the
GAM model.

Our results also show that ocean conditions during the
winter before the smolts migrate to sea influence sur-
vival, a process we have termed "winter precondition-
ing." Our results also show that in addition to mean

winter and spring conditions,
event-scale processes such as
the timing of spring transition
and daily variability in upwelling
winds influence coho survival.
Because we used GAM as a
modeling tool, we were able to
incorporate non-linearities in the
effect of certain environmental
variables on coho survival (such
as spring upwelling and daily
variability in upwelling winds).
Finally, because the environ-
mental variables we used to ex-
plain variability in coho survival
were not correlated with each
other, the results suggest that
different combinations of con-
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Figure 8.3. Partial regression plots for the generalized additive model (GAM) of OPI coho survival. 95% confidence
intervals (dashed lines) and partial residuals around fitted lines are shown. Each plot is the contribution of a term to
the additive predictor, the "y" label is the expression used to specify it in the model formula. Thus, the plots show the
relationship between OPI survival and each predictor in the model.

that cohort, regardless of the conditions during the re-
maining months at sea.
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Larval Transport and Recruitment Chapter 9
Curtis Roegner, Alan Shanks, and David Armstrong

Research Highlights

Pacific Northwest estuarine systems are strongly
impacted by oceanic processes.

Megalopae recruit to estuaries in distinct pulses.

In 1999, there was non-synchronous recruitment
on both local and regional scales.

Interannual variation in the timing and magnitude
of the recruitment pulses is evident for the Coos
Bay system.

Plankton sampled offshore during the Lady Kaye
cruise were patchily distributed.

There were species-specific responses of larval
distributions to the wind stress probably related
to swimming ability.

Introduction

The population dynamics of many estuarine and coastal
invertebrates varies with factors affecting the critical
larval stage. In the absence of immigration, larval sup-
ply to benthic habitats sets the upper bound of recruit-
ment. In the Pacific Northwest (PNW), many of the
important estuarine and coastal species have pelagic
larvae that spend weeks to months in the ocean before
returning shoreward and metamorphosing to the benthic
juvenile form. The patterns and mechanisms of dispersal
to these estuarine and nearshore systems are largely
unknown. Most larvae cannot swim effectively against
the horizontal currents found in the ocean, and so are
not likely to propel themselves back to the coast, but
they are capable of extensive vertical migrations. We
therefore hypothesize that dispersal and recruitment to
settlement habitats are determined by behavioral fac-
tors coupled to oceanographic processes. This project
seeks to measure the patterns of larval dispersal and to
understand the factors and processes underlying recruit-
ment variation to PNW estuaries.
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We are investigating several interrelated questions:
What is the distribution and patch size of larvae
in the coastal ocean?
What is the temporal (seasonal, interannual) and
spatial (within and between estuaries) variation
in the supply of larvae to estuarine sites?
What are the physical processes that correlate
to larval abundance?
What behavioral factors facilitate dispersal and
transport?

We are measuring larval abundance in two ways: 1)
daily time series from fixed estuarine stations using light
traps, and 2) surveys of the coastal ocean during oceano-
graphic cruises. The abundance data is being related to
physical data sets acquired from ship-borne and moored
oceanographic instruments. Although many taxa have
been collected in the samples, we are concentrating
our analysis on brachyuran crabs.

Results and Discussion

Recent effort has concentrated on sorting the large
number of biological samples from the light traps and
oceanographic cruises and analyzing the physical
oceanographic data from both cruises and instrument
moorings. To date, we have completed a long time se-
ries of daily samples from the Coos Bay traps (April
1998 to present) as well as all samples from the
Tokeland, Willapa Bay and Westport, Grays Harbor sites
(April to July 1999). Additional samples are being enu-
merated from the Nahcotta site by Brett Dumbauld.
We have counted all samples from cruises to the Or-
egon shelf (1998 and 1999 Wecoma cross-shelf
transects and the 1998 Olympia internal wave study).
We have also completed samples from the large-scale
grid portions of the 1999 Lady Kaye cruise. Most CTD
casts from these cruises have been processed, and ad-
ditional effort has been devoted to the Willapa Bay in-
strument moorings.

Major effort during the last year was devoted to under-
standing and documenting processes affecting circula-
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tion patterns and transport of chlorophyll and brachyuran
larvae to Willapa Bay, particularly during the period
encompassing the Lady Kaye cruise in 1999. We now
have strong evidence linking wind stress to estuarine
chlorophyll supply and salinity structure. As described
in previous PNCERS reports, we fortuitously measured
the response of the coastal ocean to a wind-induced
downwelling-upwelling-downwelling cycle. The cruise
data clearly showed the presence of the Columbia River
plume adjacent to the coast during downwelling condi-
tions, and low chlorophyll concentrations throughout the
survey area. After a period of upwelling winds, the
plume vanished, isosurfaces outcropped, and a large
phytoplankton bloom developed. Willapa Bay was
strongly influenced by oceanographic processes. We
now have evidence that both Willapa and Coos bays
receive substantial chlorophyll inputs from the coastal
ocean. These data have been compiled into manuscript
form.

We also investigated the distribution of larvae and
holoplankton in the surface waters in relation to the
downwelling-upwelling cycle. There were species-spe-
cific differences in the distribution of organisms in rela-
tion to advection of water masses. Specifically, strong
swimmers such as Cancer magister megalopae did not
exhibit appreciable displacement during the advective
event while feebly swimming cyprids were apparently
transported seaward. Additionally, there was no evi-
dence that crab larvae avoided the Columbia River
plume water.

We have begun analysis of the recently counted light
trap samples, although at this stage we can only ad-
dress broad patterns. Megalopae recruit to estuaries in
distinct pulses. The duration of the pulses ranges from
episodic (1 to 2 days) to more extensive (3 to 19 days).
In some cases, the bulk of the annual recruits enter the
system in a single episodic pulse, but more commonly
there are several pulses over the course of the annual
recruitment period. Recruitment pulses were non-syn-
chronous on both local and regional scales. Locally, the
time series of Dungeness crab megalopae were not
coincident between Willapa Bay and Grays Harbor. This
is likely due to planktonic patch size being smaller than
the distance between estuaries, which is consistent with
the oceanic distributions of larvae we measured during
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the concurrent Lady Kaye cruise in 1999, as well as
previous cruises off Coos Bay on MacArthur. In 1999,
brachyuran crab larvae were more diverse in Coos Bay
than in the Washington estuaries. Finally, interannual
variation in the timing and magnitude of the recruitment
pulses are evident for the Coos Bay system. We are
presently analyzing the light trap samples in relation to
oceanographic data from ocean and estuarine moor-
ings.
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Secondary Production in Coastal Estuaries: Dungeness Crab and English Sole
as Bioindicators Chapter 10
David Armstrong, Donald Gunderson, and Chris Rooper

Research Highlights

Densities of age 0+ Dungeness crab in Grays
Harbor and Willapa Bay were much higher dur-
ing the El Nino period as seen in 1998, compared
to 1999 and 2000.

Density of age 1+ crab showed some variability
in Grays Harbor in 2000, while densities were
similar across all other estuaries and years.

Estimated 1+ crab abundance has ranged from
about 4 to 15 million in Willapa Bay and Grays
Harbor from the early 1980s to 2000, and
<100,000 to > 1 million in Yaquina and Coos Bay.

English sole densities have been higher in Or-
egon estuaries compared to Washington during
the last two field seasons.

Within estuaries, similar patterns in use of small
side channel habitat by Dungeness crab and En-
glish sole, and similar regional abundance have
been observed in all three years.

Analyses of intertidal 0+ crab distribution and
abundance indicates both the overall importance
of shell, but also use of novel habitat created by
the introduction of two exotic species: the soft-
shell clam and Pacific oyster which may have
altered certain aspects of community ecology a
century ago.

Introduction

This aspect of the PNCERS program is intended to
provide a sense of spatial/temporal distribution and abun-
dance of certain macrofauna in Oregon and Washing-
ton coastal estuaries. Several objectives guide the fo-
cus of this work and its relationship to other PNCERS
programs: 1) evidence that coastal species like Dunge-
ness crab and English sole use estuaries as "nursery"
grounds during early life history; 2) the physical pro-
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cesses by which they enter the systems from the open
coast; 3) type and quality of nursery habitat (refugia)
required by small post-settlement stages of crab and
sole; 4) sub-regions of the estuaries where such habitat
is most extensive and resultant density and/or biomass
of target species highest; and 5) means of communi-
cating such biological/ecological information to col-
leagues addressing economic, demographic, and deci-
sion processes. In this past year we not only continued
the field surveys in four estuaries, but had considerable
emphasis on explaining patterns in English sole and crab
distribution that have been observed. This effort has
included analyses of detailed data from 1983-1988 as
well as the newly acquired PNCERS data.

Additional emphasis in this past year has been in col-
laboration with Roegner and Shanks (Larval Trans-
port and Recruitment) to study nearshore distribution
of advanced larval stages, measure the timing and mag-
nitude of entry into estuaries, and describe physical/
behavioral means by which this occurs. As this depth
of information grows, it has led to conceptual models
with collaborators and other PNCERS investigators
(Hickey, Newton, Roegner, Dumbauld, DeWitt and
Eldridge) that merge nearshore ocean processes as a
source of nutrients and phytoplankton that drive estua-
rine production more than previously thought.

Results and Discussion

Field Season Activities
Cruises: Trawl surveys were conducted during June
and August in Coos Bay (CB) and Yaquina Bay (YB),
Oregon, and in Willapa Bay (WB) and Grays Harbor
(GH), Washington. The stratified random survey de-
sign and sampling protocol followed procedures estab-
lished in 1998, with catch per hectare being determined
for all fishes and crustaceans caught. Benthic trawl
stations (18, 20, 17, and 18 in GH, WB, YB, and CB,
respectively) were sampled in each estuary within 4-5
strata (Figure 10.1). Density and size compositions
were obtained for age 0+ and age 1+ Dungeness crab
(Cancer magister) and all species of flatfish, most no-
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tably juvenile English sole (Parophrys vetulus). Mean
density and abundance for each stratum and the entire
subtidal area in a given estuary were calculated ac-
cording to stratified random sampling formulae. The
mean lengths and densities of English sole as well as
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density of age 0+ crab and age 1+ crab were compared
among the four estuaries over the four sampling peri-
ods using analysis of variance techniques. The domi-
nant species captured were Dungeness crab and En-
glish sole.
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English Sole
Densities of English sole captured ranged from 0 to
>35,000/ha over all estuaries and months. There was a
significant interaction between estuary and year. This
result was driven primarily by the average densities in
GH in 1999 which were significantly lower than most
of the other year-estuary combinations, and by YB in
2000 which had significantly higher densities than all
other year-estuary combinations (Figure 10.2). Mean
English sole density was typically between 1200-1800/
ha in most estuaries both years, but was less than half
this range (600/ha) in GH during summer 1999, and
double this range (4000/ha) in YB during summer 2000.
Analysis of variance showed that densities were sig-
nificantly lower in August (mean = 958/ha, SE = 130)
than June (mean = 2,189/ha, SE = 376), and this trend
was conspicuous in June of 1998 and 2000 (mean of
2000/ha and 3200/ha) when densities were significantly
higher than in August densities in both years. Such
difference in population abundance can be seen in sum-
ming mean estimates across all four estuaries, which
ranged from a high of 48 million in June 2000, to 19
million in August 2000 (Figure 10.3).

Age 0+ Subtidal Dungeness crab
Densities of subtidal age 0+ Dungeness crab were highly
variable among estuaries, months, and years of sam-
pling, and ranged from 0 to >46,200/ha over 1998-2000.
Analysis of the age 0+ crab densities revealed signifi-
cant effects of estuary, year, month, and a strong estu-
ary-year interaction. Overall density of age 0+ Dunge-
ness crab was significantly higher in June (mean = 1,973/
ha SE = 802) than in August (mean = 1,332/ha, SE =
231). There were also differences in density among
years. Average density was 2,931/ha (SE = 918) in
1998, 1,012/ha (SE = 360) in 1999, and 1,015 (SE =
267) in 2000. Although estimates of over 8,000 0+ in
GH were significantly higher than in the other estuaries
during 1998, CB contained more 0+ crab in 1999 than
the two larger Washington estuaries combined (Figure
10.4). In 2000 densities of age 0+ crab were compa-
rable between CB and GH.

Age 1+ Dungeness crab
Age 1+ crab density was fairly consistent in our sur-
veys, the only significant terms in the analysis were
year and the year-estuary interaction. Densities be-
tween months of surveys were not significantly differ-
ent, and there were not consistently higher densities in
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one estuary over another. The age 1+ crab occur at
densities of about 500-1,500/ha in both June and Au-
gust. Across all estuaries, the density in 2000 was ap-
proximately double (mean = 1,021, SE = 285) the densi-
ties found in the previous two years (1998; mean = 432,
SE= 131 and 1999; mean = 500, SE = 116). The higher
densities in 2000 were driven by higher than normal
densities in GH, CB and YB, while WB densities re-
mained constant (Figure 10.5). In comparison to that
of 0+, the relatively constant density (500-1500/ha) of
older crab may reflect both a reduced mortality rate for
the older age classes, and possible carrying capacity
for this species at high biomass of the older age classes.
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Figure 10.5. Mean density of age 1+ crab (+/- SE) for PNCERS
estuaries in 1998-2000.
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Table 10.1. Trawl survey numbers and spatial location codes for estuarine trawl survey sites. Abbreviated station
codes represent lower main channel (LMC), lower side channel (LSC), upper main channel (UMC) and upper side
channel (USC) sites.

Dungeness crab habitat use
Patterns of crab density and abundance observed dur-
ing field work suggested that they inhabit some habitats
preferentially within an estuary, which leads to spatial
patterns that may be related to habitat characteristics.
In the past year, further analysis of the estuarine data
sets were undertaken to explore spatial and temporal
patterns in density and abundance of juvenile crab, and
relate these patterns to the dominant habitat features in
the surrounding areas. For these analyses, stations within
the original strata were partially regrouped and each
survey site was classified by its spatial location in the
estuary (Table 10.1). These classifications defined each
site as bring in the lower main channel (LMC), lower
side channel (LSC), upper main channel (UMC), or
upper side channel (USC).

In addition to documenting the fish and invertebrates
captured, a variety of habitat characteristics were iden-
tified for each site during PNCERS trawl surveys. The
substrate material (e.g.. macroalgae, shell, etc.) caught
during each tow was weighed and/or its volume was
estimated. Depth, bottom temperature, and salinity were
measured at the end of each trawl. To assess the preva-
lence of tide flats adjacent to each trawl survey site,
the percentage of a 3.6 km2 (approximately 1 NM')
area around each trawl site that was composed of tide

PNCERS 2000ANNUAL REPORT

flat was estimated from nautical charts. A variety of
predators of juvenile crab inhabit estuaries, including
the staghorn sculpin (Leptocottus armatus; Armstrong
et al. 1995). Many of these were also commonly cap-
tured during trawl surveys. Three species of crangonid
shrimp were abundant in our trawl surveys. Crangonid
shrimp have been shown to be important food items for
juvenile crab (Stevens et al. 1982, 1984). Densities of
staghorn sculpins and biomass of crangonid shrimp were
calculated for each trawl survey and summarized to
give an indication of potential predation pressure and
prey availability during survey months. Additionally, in
1998 a benthic grab was used to collect a sediment
sample at each site. In the laboratory a random
subsample of the sediment was removed for grain size
analysis.

In the first analysis, the full time series (including 1980s
era Sea Grant data) of Grays Harbor (1983-1988 and
1998-2000) and Willapa Bay (1985-1988 and 1998-
2000) densities of age 1+ juvenile crab were compared
over all years. The last three years of survey data in all
four estuaries were analyzed in a separate analysis.
Based on the significance of the previous results (see
above sections), analysis of these three data sets was
performed with year, estuary, spatial location and month
as independent factors. In a similar fashion, the density
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Grays Harbor Estuary Willapa Bay Estuary Yaquina Bay Estuary Coos Bay Estuary
Stations Location Stations Location Stations Location Stations Location

11 LMC 11 LSC 11 LMC 11 [MC
1, LSC 12 LSC 12 LMC 12 [SC
13 LMC 13 LSC 13 LMC 13 LMC
14 LMC 14 LMC 14 I,MC 14 LMC
15 [MC 15 LSC 15 LMC 15 LMC
21 [SC 21 LMC 16 LMC 16 LMC
22 LSC 22 LMC 21 LMC 21 UMC

LSC 23 LMC 22 LMC 22 UMC
24 LSC 24 LMC 23 UMC 23 UMC
25 LSC 31 LSC 24 UMC 24 UMC
26 LSC 32 LSC 31 UMC 31 USC
31 USC 33 U MC 32 UMC 32 USC
32 USC 34 [MC 33 UMC 33 USC
33 UMC 35 LMC 34 UMC 34 USC
34 UMC 41 USC 41 LSC 35 USC
41 LSC 42 UMC 42 LSC 41 LSC
42 LSC 43 USC 43 LSC 42 LSC
43 LSC 51 UMC 43 1,SC

52 UMC
53 USC
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Table 10.2. Results of analyses of variance of age 1+ Dungeness
crab densities. Significant factors (p < 0.05), sample size and 112
value are shown for each data set analyzed. Highly significant
factors (p < 0.01) are denoted by an asterisk (*).

Data Set Si nificant Factors
Month*, Year*,

Willapa Bay 1985- Location*, Month-Year,
1988, 1998-2000 Month-Location,

Location-Year
Grays Habor 1983-
1988, 1998-2000

Year, Location*

Year*, Location*,All estuaries 1998-
Estuary*, Estuary-Year2000
Estuary*, Year*,

All estuaries 1998- Location*, Estuary-
2000 (no USC data) Year, Estuary-Location

Willapa Bay 1985-
1988, 1998-2000
Grays Habor 1983-
1988. 1998-2000
All estuaries 1998-
2000

Year*, Location

Year, Location*

Estuary*, Year*,
Location*, Year-
Estuary*

319 0.39

431 0.29

372 0.31

Table 10.3. Results of analyses of variance of August age 0+
Dungeness crab densities. Significant factors (p < 0.05), the
sample size and 122 value are shown for each data set analyzed.
Highly significant factors (p < 0.01) are denoted by an asterix
(*).

R2

140 0.49

159 0.67

214 0.53

181 0.53

available for the last three years of the surveys, 1998-
2000, and were compiled for each spatial location across
estuaries. These data were then compared to the spa-
tial patterns in density for age 0+ and 1+ crab to deter-
mine which factors exhibited patterns similar to those
found in juvenile crab density.

In the time series of Grays Harbor crab from 1983-
1988 and 1998-2000, there were consistent patterns in
age 1+ spatial distribution (Figure 10.6). The lower
side channel had significantly higher densities of age 1+
crab than all other locations. This was true throughout
all years for which data was collected. Patterns of age
1+ densities in the Willapa Bay data set differed from
Grays Harbor because of the significance of month in
the analysis. June had significantly higher density of
age 1+ crab than August, although this was not true in
all years or at all locations in the estuary, as indicated
by the significant month-year and month-location inter-
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Figure 10.6. Average spatial distribution (+1- 1 SE) of age 1+
Dungeness crab in each spatial location within estuaries. Top
panel depicts results from combined analysis of all estuaries
from 1998-2000, the middle panel is Willapa Bay data from
1985-1988 and 1998-2000, and the bottom panel is Grays Harbor
data from 1983-1988 and 1998-2000. Averages are from lower
main channel (LAIC), lower side channel (LSC), upper main
channel (UMC) and upper side channel (USC) locations from
all estuaries.

of age 0+ Dungeness crab were analyzed first using
the Grays Harbor and Willapa Bay time series, and then
with all four estuaries using the last three years of data.
Because previous studies indicate age 0+ crab settle
first to intertidal areas and then move to subtidal areas
later in the summer (Dumbauld et al. 1993. Fernandez
et al. 1993), only data from the August surveys were
used in the analysis of age 0+ density. Complete sets
of habitat characteristics for all four estuaries were only

All estuaries 1998-
2000 (no USC data)

Location*, Year-
Estuary*, Year*,

Estuary*

R2

280 0.53

0
o

-
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actions (Table 10.2). Spatial patterns
indicated highest densities in LSC
sites as was measured in Grays Har-
bor (Figure 10.6). There was a sig-
nificant interaction between year and
location, indicating differing spatial
patterns in density across years. This
effect was caused primarily by dif-
ferences among the LMC. UMC. and

LMC LSC UMC USC

Grays Harbor

LSC UMC USC

Figure 10.7. Average spatial distribution (+1- 1 SE) of age 0+
Dungeness crab in each spatial location within estuaries. Top
panel depicts results from combined analysis of all estuaries
from 1998-2000, the middle panel is Willapa Bay data from
1985-1988 and 1998-2000. and the bottom panel is Grays Harbor
data from 1983-1988 and 1998-2000. Averages are from lower
main channel (LMC), lower side channel (LSC), upper main
channel (UMC) and upper side channel (USC) locations from
all estuaries.

ii

Table 10.4. Average (SE) physical characteristics (depth. temperature, salinity,
percentage tide flat) for trawls from all estuaries 1998-2000.
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USC locations, since densities were always highest in
LSC locations regardless of the year or month sampled.
Comparisons among all four estuaries from 1998-2000
revealed interesting patterns in age 1+ crab density. The
absence of USC habitat in Yaquina Bay prevented the
inclusion of an estuary-location term in the ANOVA,
therefore a separate analysis of all the data with USC
stations removed was conducted (Table 10.2). The re-
sults showed that although there were significant dif-
ferences among the estuary-location combinations, there
was consistency in the effect of within-estuary location
on crab density (Figure 10.6). The lower side channels
had densities of age 1+ crab approximately three times
higher than all other areas, and this was apparent across
all years, months and estuaries. Densities of age 1+
crab in other estuarine locations were similar to each
other.

For age 0+ crab in the Grays Harbor time series there
was significant variation among years in the time se-
ries, however the spatial variation did not differ between
years as there was no significant year-spatial location
interaction (Table 10.3). Lower side channel locations
had significantly higher 0+ densities than main channel
locations. but density in USC sites was also relatively
high (Figure 10.7). As in Grays Harbor. age 0+ crab
density varied significantly by year and location in
Willapa Bay (Table 10.3). The location variable was
also significant, with highest densities at LSC sites (Fig-
ure 10.7). The differences between LSC and USC
sites were not significant, although the densities at LSC
sites were significantly higher than at all main channel
sites. In the analysis of all four estuaries, densities of
age 0+ crab were found to vary substantially, although
there were few consistent trends among the estuaries.
As a result, the year-estuary interaction was highly sig-
nificant (Table 10.3). Relatively low densities of age
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Lower Main
Channel

LOW er Side
Channel

Upper Main
Channel

Upper Side
Channel

Temperature 13.5 15.5 17.1 17.2

(°C) (0.21) (0.17) (0.25) (0.23)
29.1 26.4 '4.5 24.7

Salinity (ppt) (0.44) (0.55) (((.61) (0.77)
6.49 4.26 5.81 3.74

Depth (m) (0.19) (0.16) (0.24) (0.21)
Percentage
surrounding
tide flat

19.5%
(1.2)

51.6%
(1.8)

31.1%
(1.6)

55.8%
(2.6)

LMC LSC UMC USC

Coos Bay ID Yaquina Bay Willapa Bay C Grays Harbor
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Figure 10.8. Average grams of substrate material collected during trawl surveys
(+/- 1 SE) for macroalgae species. shell and stick categories within each of the
spatial locations of estuaries.

0+ crab were found in Yaquina Bay in all years (Figure
10.7). Again, the absence of USC habitat in Yaquina
Bay necessitated a separate analysis of all the data with
USC stations removed, and the results revealed signifi-
cant differences among the estuary-location combina-
tions (Table 10.3). As with age 1+ crab. age 0+ crab
were almost always present at highest densities in LSC
areas of the four estuaries. Age 0+ crab were also
found in high densities in USC areas.

The four areas defined within each estuary, LMC. LSC.
UMC, and USC, differed somewhat in habitat attributes
(Table 10.4). Temperatures measured during trawling
were highest in the USC areas (17°C) and lowest in
the LMC areas (13.5°C). Bottom salinity showed a
decreasing trend from the lower estuary to the upper
estuary (29 to 24 ppt). Depths ranged from shallowest
in upper side channels (3.7 m) to deepest in the lower
and upper main channels (6.5 m). The upper and lower
side channels were characterized by high percentage
(>50%) of tideflat within a 3.6 km area surrounding
each trawl station. The dominant sediment type at all
stations was fine sand. and stations did not vary signifi-
cantly in sediment composition. Lower side channels
contained higher amounts of macroalgal and shell sub-
strate than the other locations in the estuaries (Figure
10.8). Upper side channels and upper main channels
also had relatively high concentrations of shell. together
with the highest amounts of terrestrial debris such as
stick. The density of predatory staghorn sculpins in
LMC locations was lower than in the other areas of the
estuary (Figure 10.9). The biomass of crangonid shrimp
mimicked that of staghom sculpin. with low densities in
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LMC locations, and higher densities in
all other estuarine locations (Figure
10.9).

As we have already learned from pre-
vious analyses, juvenile Dungeness
crab densities varied substantially on
an interannual basis in both Oregon and
Washington coastal estuaries. Within
estuaries Dungeness crab juveniles of
both age classes were more abundant
in lower side channels. Age 0+ crab
were abundant in upper side channels
as well. The lower side channels were
characterized by high weights of shell
and macroalgae caught in tows and

relatively shallow depths. Lower side channel areas
were typically surrounded by extensive tidal flats. They
also had a fairly large degree of oceanic influence rela-
tive to other areas of the estuaries. Lower side chan-
nels were characterized by having higher salinities and
lower temperatures than upper estuarine areas.

LMC LSC UMC USC

Figure 10.9. Average densities of staghorn sculpins (top panel)
and biomass of crangonid shrimp (bottom panel) (+1- 1 SE)
within each spatial location of the combined study estuaries
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Dungeness crab year class correlations
The data collected from Sea Grant work by Armstrong
and Gunderson and the addition of the last three years
of PNCERS data has provided us with a nice time se-
ries of age 0+ and age 1+ crab densities. Comparison
of the August age 0+ abundance and the mean age I+
abundance in the following summer for each estuary
provided some interesting results. In 1998 the time se-
ries at the two Washington estuaries both indicate a
large peak in the age 0+ abundance (estimated abun-
dance of 35 and 23 million 0+ in GH and WB. respec-
tively: Figure 10.10). However, the following year. 1999.
failed to produce significantly larger numbers of age 1+
crab in either Washington estuary. Conversely. abun-
dance of the 1999 year class of 0+ crab was very small
in both Washington estuaries, yet abundance of 1+ crab
in the following summer was relatively high at about 15
and 7 million in GH and WB. respectively. With the
exception of these two years in the Washington estuar-
ies, there seems to be fairly good coherence between
the age 0+ abundance and the age 1+ abundance in the
following year.

"a 4
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