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Section 3 — Affected Environment

3.0 AFFECTED ENVIRONMENT

3.1 Introduction

This section describes those components of the existing natural, built, and human environment that
would be affected by the alternatives under consideration for salmon and steelhead fisheries in Puget
Sound and the Strait of Juan de Fuca that take listed Puget Sound chinook. The ESA defines “take” to
mean “to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage
in any such conduct” (ESA section 3, Definitions). Fisheries that do not take listed chinook salmon are

not considered in this document. Each of the topics required to be addressed by the National

Environmental Policy Act (NEPA) and the Washington State Environmental Policy Act were

considered when selecting topics for discussion in this section. The issues discussed in this section have
been identified as important aspects of the Affected Environment by NOAA-Fisheries NMFS, the co-

managers, other federal agencies, and/or public comment. Consistent with guidance from the

President’s Council on Environmental Quality (CEQ) for implementing NEPA, this section provides
the most detail and discussion on those issues with the greatest potential to be affected by the Proposed
Action and alternatives, and only briefly describes those issues that may be marginally affected (CEQ
Regulations at 40 CFR 1502.15). To accurately depict existing conditions, the Affected Environment is
described in the context of the 1990s and early 2000s, focusing on the 2000—-2001 period.

The Affected Environment section begins with a description of the Puget Sound Action Area and its
general environmental setting. Subsections within Section 3 discuss various aspects of the natural,
built, and human environment that may be affected by the Proposed Action or alternatives, organized

as follows:

Section 3 Subsections Natural Built Human
Environment Environment Environment

3.3.1 and 3.3.2: Status of salmonid species X

3.3.3; Other fishes

X
3.3.4: Fish habitat X
X

3.3.5 through 3.3.7: Potential ecological effects of current harvest
activities

3.4: Tribal treaty rights and trust responsibilities

3.5: Non-commercial use of salmonids by Puget Sound tribes

3.6: Regional economics of commercial and sport fisheries

XX X | X

3.7: Environmental justice

3.8.1 through 3.8.3 and 3.8.5: Seabirds, marine mammals, and X
other wildlife species

3.8.4: Lower trophic-level species X

3.9: Land ownership and land use X

3.10: Water quality X

Puget Sound Chinook Harvest 3-1 December 2004
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Section 3 — Affected Environment

3.2 Environmental Setting

The Puget Sound Action Area includes all marine waters of the State of Washington east of, and
including the Strait of Juan de Fuca. The action area also includes all State of Washington freshwater
tributaries of these marine waters east of the Strait of Juan de Fuca, and the freshwater tributaries of the

Strait of Juan de Fuca east of, and including the Elwha River drainage.

Using definitions found in Washington Place Names (Reese 2002), the action area has been divided
into four distinct regions: 1) Strait of Juan de Fuca; 2) Hood Canal; 3) South Puget Sound; and 4) North
Puget Sound (Figure 3.2-1). There are 12 Washington counties within the action area (Figure 3.2-2).

Strait of Juan de Fuca. This 90-mile long waterway between British Columbia (Canada) and
Washington State, with an average width of 13 miles, extends from the Pacific Ocean at Cape Flattery
to the vicinity of Port Townsend in the United States and Victoria in British Columbia (see Figure 3.2-
1). The action area includes only the waters of the United States. Washington counties Clallam and
Jefferson border the south side of the Strait of Juan de Fuca. Major river systems draining into the
Strait of Juan de Fuca include the Elwha River and the Dungeness River in Clallam County (Table 3.2-
1).

Hood Canal. This saltwater channel extends southwest from the vicinity of Port Ludlow in Jefferson
County through Kitsap and Mason counties, to the Great Bend at Union, then northeast to Belfair in
Mason County (see Figure 3.2-1). It is an arm of the great inland sea of western Washington. Major
freshwater drainages within Hood Canal include the Skokomish, Hamma Hamma, Dosewallips,
Duckabush, and the Big and Little Quilcene Rivers (Table 3.2-1).

South Puget Sound. For the purpose of this Environmental Impact Statement, the marine area defined
in Washington Place Names as Puget Sound is referred to as South Puget Sound. South Puget Sound is
an inland, saltwater sound that extends about 53 miles south from Point Wilson near Port Townsend in
western Washington (see Figure 3.2-1). It extends southwesterly approximately 30 miles to Budd Inlet,
with other branches in Thurston and Mason counties. It does not include Hood Canal, Port Susan,
Bellingham Bay or the San Juan Island waterways. Major freshwater drainages that discharge to South
Puget Sound are listed in Table 3.2-1.

Puget Sound Chinook Harvest 3-2 December 2004
Resource Management Plan NEPA Final EIS
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1  Figure 3.2-2. Washington counties within the Puget Sound Action Area.
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Section 3 — Affected Environment

North Puget Sound. The northern portion of the action area, including the U.S. marine areas referred
to as Port Susan, Bellingham Bay, the Strait of Georgia, the marine waters of the San Juan Islands, and
the marine waters of the San Juan Archipelago, are collectively referred to herein as North Puget Sound
(Figure 3.2-3). Major drainages that enter North Puget Sound include the Nooksack, Samish, Skagit,
Stillaguamish, and Snohomish Rivers (Table 3.2-1).

Table 3.2-1. Major river systems within the four regions of the Puget Sound Action Area.

Region Major River Systems

Strait of Juan de Fuca Elwha River
Dungeness River
Hood Canal Skokomish River

Hamma Hamma River
Dosewallips River
Duckabush River

Big Quilcene River
Little Quilcene River
South Puget Sound Cedar River
Green/Duwamish River

Puyallup River
Nisqually River
Deschutes River

North Puget Sound Nooksack River
Samish River
Skagit River
Stillaguamish River
Snohomish River

3.2.1 Physical Description of the Action Area

The Puget Sound Action Area is bounded on the east by the Cascade Mountain Range and on the west
by the Olympic Mountains. Its northern part reaches the international boundary between the United
States and Canada, and it ends at the base of the low hills of the Coast Mountain Range near Olympia
(Figure 3.2-1). The surrounding land mass of the action area includes approximately 13,600 square

miles, 20 percent of the total surface land mass within Washington state (66,582 square miles).

Puget Sound Chinook Harvest 3-5 December 2004
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1  Figure 3.2-3. The North Puget Sound region of the Puget Sound Action Area.
T h

|
: Point
Strait of 1 Nooksa {kf?
Georgla \ Roberts River
‘_ - ’* # Bellingham
‘4 & . “‘\H
o n ey

-

2% San Jua

EYYEY - -
Y

-
ﬁ'iday Harbor ° ‘“ §/

QOak Harbor

Whidbey
Island

Islands
Vancouver _J

Island

ik
‘,’ ver}

Stilaguamish
' = ;

e

¢

foEverett

g dh/\
Townsend _ % ohomis

Port
er

f@%/ pic
ntai
L

Legend | A\
N

Major Rivers
[ | MajorLakes o 5 10 20
[ | lnd Scale in Miles
B varncacss

Region Boundary E
National Marine Fisheries Service,
Northwest Region (2003)

Puget Sound Chinook Harvest 3-6 December 2004
Resource Management Plan NEPA Final EIS






~N o o A W DN B

oo

10
11
12

13
14
15
16
17
18
19
20
21
22

23
24
25
26

27
28
29
30
31
32

Section 3 — Affected Environment

Freshwater inflow into Puget Sound, Hood Canal, and the eastern part of the Strait of Juan de Fuca is
approximately 900 million gallons per day. The major sources of fresh water are the Skagit and
Snohomish Rivers. However, the annual amount of fresh water entering Puget Sound is only 10 to 20
percent of the amount entering the Strait of Georgia. The majority of the fresh water entering the Strait
of Georgia is conveyed by the Fraser River drainage, a major drainage in southwestern Canada
(Gustafson et al. 2000). The Fraser River enters the Strait of Georgia approximately 10 miles north of
the United States border.

The marine surface area of the Puget Sound Action Area is approximately 900 square miles, within
2,000 miles of coastline (Gustafson et al. 2000). The average depth of Puget Sound at mean low tide is
205 feet, The average surface water temperature is 55° F in summer and 45° F in winter (Staubitz et al.
1997). Estuarine circulation in Puget Sound is driven by tides, gravitational forces, and freshwater

inflows.

The largest habitat type within the Puget Sound Action Area is kelp beds and eelgrass meadows, which
cover almost 400 square miles. Other major habitats include subaerial and intertidal wetlands (68
square miles), and mudflats and sandflats (95 square miles) (Gustafson et al. 2000). The extent of some
of these habitats has markedly declined over the last century. Hutchinson (1988) indicated that 58
percent of intertidal habitat in Puget Sound has been lost since European settlement. Four river deltas
(the Duwamish, Lummi, Puyallup, and Samish Rivers) have lost more than 92 percent of their intertidal
marshes (Simenstad et al. 1982; and Schmitt et al. 1994, as cited in Gustafson et al. 2000). At least 76
percent of the wetlands around Puget Sound have been eliminated, especially in urbanized estuaries.
Substantial declines of mudflats and sandflats have also occurred in the deltas of these estuaries
(Levings and Thom 1994, as cited in Gustafson et al. 2000).

Geologic history of the area includes repeated advances and retreats of continental ice sheets from
Canada. The continental ice sheet reached its maximum advance about 14,000 years ago (Kruckeberg
1991). It was the action of ice and its later melt waters that gave shape to many of the features of the

Puget Sound area landscape of today.

Three dominant climate factors influence the weather of Puget Sound. They are 1) the Pacific Ocean,
acting as the region’s thermostat and generator of moisture-laden air; 2) the semi-permanent high and
low-pressure cells that hover over the North Pacific Ocean that propel the maritime air in the direction
of Puget Sound; and 3) the mountains bordering Puget Sound, that regulate the flow of the regional
atmosphere. The combined effects of these factors result in a generally predictable climate, described

as “maritime;” i.e., mild and wet. Precipitation is mainly in the form of rain, of which more than 75

Puget Sound Chinook Harvest 3-7 December 2004
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Section 3 — Affected Environment

percent falls between October and March. With the exception of areas within the “rain shadow” of the
Olympic Mountains, most areas within the Puget Sound Action Area receive 36 to 52 inches of

precipitation per year, with an average of 40.3 inches (Kruckeberg 1991).

3.2.2 Resident Population within the Action Area

The total resident human population of the 12 counties within the action area on April 1, 2000, as
reported by the United States Census Bureau, was 3,978,513 (Table 3.2-2). Approximately 67.5 percent
of the entire Washington State population of 5,894,121 resided within these 12 counties at that time
(United States Census 2000). Most of the population lives near the shores of Puget Sound and in the
alluvial valleys of major rivers. American Indian and Alaska Natives represented approximately 1.4

percent of the population.

Table 3.2-2.  April 1, 2000 resident population of Puget Sound Action Area counties.

Region Washington April 1, 2000 Percent American Indian
County Resident Population and Alaska Native !

Strait of Juan de Fuca Clallam 64,525 5.1%
Jefferson 25,953 2.3%
Hood Canal Kitsap 231,969 1.6%
Mason 49,405 3.7%
King 1,737,034 0.9%
South Puget Sound Pierce 700,820 1.4%
Thurston 207,355 1.5%
Snohomish 606,024 1.4%
North Puget Sound Skagit 102,979 1.9%
Whatcom 166,814 2.8%
Island 71,558 1.0%
San Juan 14,077 0.8%
Total 12 Counties 3,978,513 1.4%

! The proportionate occurrence of American Indian and Alaska Native populations is noted for purposes of the
Environmental Justice analysis of potential impacts to minority populations that have a significant reliance on
Puget Sound Chinook salmon. The United States Census 2000 defined American Indian and Alaska Native as a
“person having origins in any of the original peoples of North and South America (including Central America),
and who maintain tribal affiliation or community attachment” (United States Census 2000).

Puget Sound Chinook Harvest 3-8 December 2004
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Section 3 — Affected Environment

3.2.3 Evolutionarily Significant Units within the Action Area

An Evolutionarily Significant Unit (ESU) is a distinctive group of Pacific salmon or steelhead
(National Marine Fisheries Service 2003). The Puget Sound Action Area includes the geographic range
of two ESUs: the Puget Sound Chinook ESU, and the Hood Canal Summer-Run Chum ESU.

Puget Sound Chinook Salmon Evolutionarily Significant Unit: The Puget Sound Chinook Salmon
Evolutionarily Significant Unit was listed as a threatened species on March 24, 1999 (64 Federal
Register 14308). The Puget Sound Action Area includes the entire area of the Puget Sound Chinook
Salmon Evolutionarily Significant Unit. The Puget Sound Chinook Salmon Evolutionarily Significant
Unit encompasses all runs of chinook salmon within Puget Sound, from the Elwha River on the

Olympic Peninsula to the North Fork Nooksack River (Figure 3.2-4).

Chinook salmon are found in most of the rivers within the action area. The Washington Department of
Fisheries (WDF et al. 1993) recognized 27 distinct stocks of chinook salmon: eight spring-run, four
summer-run, and 15 summer/fall and fall-run stocks. The existence of an additional five spring-run
stocks has been disputed among different management agencies (WDF et al. 1993). The Skagit River
and its tributaries were historically the predominant system in Puget Sound that supported naturally-

spawning populations of Puget Sound chinook salmon (WDF et al. 1993).

Puget Sound Chinook Harvest 3-9 December 2004
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1  Figure 3.2-4. Puget Sound Chinook Salmon Evolutionarily Significant Unit: Land ownership pattern.
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Section 3 — Affected Environment

The Puget Sound Technical Recovery Team has proposed a more recent analysis of the population
structure of chinook salmon within the action area. The Puget Sound Technical Recovery Team is an
independent scientific body convened by the National Marine Fisheries Service (NMFS) to develop
technical delisting criteria and guidance for salmon delisting in Puget Sound. The Technical Recovery
Team has narrowed the earlier population delineation to 22 demographically-independent populations
representing the primary historical spawning areas of chinook salmon in Puget Sound (M. Ruckelshaus,
chair Puget Sound Technical Recovery Team, personal communications with K. Schultz, NMFS,
January 8, 2003). These proposed populations include: North Fork Nooksack River, South Fork
Nooksack River, upper Skagit River, lower Sauk River, lower Skagit River, upper Sauk River, Siuattle
River, upper Cascade River, North Fork Stillaguamish River, South Fork Stillaguamish River,
Skykomish River, Snogualmie River, Cedar River, north Lake Washington tributaries, Green River,
White River, Puyallup River, Nisqually River, Skokomish River, Dosewallips River, Dungeness River,
and the Elwha River (Figure 3.2-5).

Chinook salmon (and their progeny) from the following hatchery stocks are also considered part of the
listed Puget Sound Chinook Salmon Evolutionarily Significant Unit: Kendall Creek (spring run); North
Fork Stillaguamish River (summer run); White River (spring run); Dungeness River (spring run); and

Elwha River (fall run).

Hood Canal Summer-Run Chum Salmon Evolutionarily Significant Unit: The Hood Canal
Summer-Run Chum Salmon Evolutionarily Significant Unit was listed as a threatened species on
March 25, 1999 (64 Federal Register 14570). This Evolutionarily Significant Unit includes summer-run
chum salmon populations in Hood Canal and in Discovery Bay and Sequim Bay within the Strait of
Juan de Fuca region (Figure 3.2-6). The Hood Canal Summer-Run Chum Salmon Evolutionarily
Significant Unit may also include summer-run chum salmon in the Dungeness River, but the existence

of that run is uncertain at this time.

Listed species of Puget Sound salmon are discussed in more detail in Subsection 3.3 of this

Environmental Impact Statement.

Puget Sound Chinook Harvest 3-11 December 2004
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Figure 3.2-5. Proposed demographically-independent populations in the Puget Sound Salmon

Evolutionarily Significant Unit.
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1  Figure 3.2-6. Hood Canal Summer-Run Chum Salmon Evolutionarily Significant Unit: Land
2 ownership pattern.
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Section 3 — Affected Environment

33 Fish
3.3.1 Threatened and Endangered Species

This section describes the status of salmonid species with particular reference to chinook salmon, the

species most likely to be affected by the Proposed Action and its alternatives. All-five seven species of

Pacific salmon (genus Oncorhynchus) chinook, coho, chum, sockeye,-and pink, steelhead and cutthroat

— are present in the affected environment and are subject to harvest impacts. Two Evolutionarily
Significant Units (ESUs) of Pacific salmon indigenous to the affected environment are listed as
threatened under the Endangered Species Act (ESA): the Puget Sound Chinook ESU and the Hood
Canal summer chum ESU. Chinook and coho salmon from other ESUs, some of which are listed, are
infrequently encountered in fisheries covered under the Resource Management Plan (see Subsection
3.3.1.3). Bull trout (Salvelinus confluentus) are present in streams and lakes in the affected
environment, and possibly in the marine area as well. Puget Sound and Washington coastal bull trout

were listed as threatened in 1999 (see Subsection 3.3.1.4.)

General Salmonid Life History

Pacific salmon and steelhead trout belong to the genus Oncorhynchus within the family Salmonidae
that includes anadromous salmon, trout, char, whitefish, and grayling. Except in limited cases where
geologic or anthropomorphic events have blocked migration to salt water, all-five seven species of
Pacific salmon, — chinook, sockeye, coho, chum, and pink — exhibit an anadromous life cycle', meaning
they spawn in fresh water, mature in the marine environment, and return to fresh water to reproduce
and die. Though Pacific salmon species share many general traits, individual populations have adapted
to local environmental conditions, and life history strategies are diverse. A general overview of
salmonid life history is given here. The reader is referred to Groot and Margolis (1991), and Wydoski
and Whitney (2003) for a more in-depth review.

Mature salmon spawn in fresh water, constructing nests called redds in stream gravels where fertilized

eggs are buried to incubate. AH-five-Most anadromous forms ofspecies—ef salmon species die after

spawning. Generally, the young of all salmon species emerge from the gravel in the spring. Newly-
emerged salmon are called fry. Embryo development rate, the timing of fry emergence, and the
subsequent patterns of freshwater rearing and seaward migration are determined primarily by parental

spawn timing and water temperature; thus, hydrologic characteristics play an important role in shaping

" Sockeye salmon are a general exception because kokanee (a non-anadromous form of sockeye salmon) often
share a watershed with an anadromous sockeye population.

Puget Sound Chinook Harvest 3-14 December 2004
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Section 3 — Affected Environment

salmonid populations. Specific timing and location of freshwater residence and subsequent migration
patterns of each of the—five seven species and populations within species varies markedly. Actively-
feeding riverine juveniles are known as fingerlings until they are physiologically ready to migrate to
salt water, at which time they are called smolts. This transitional life stage is referred to as smolting,
and may occur in the river or estuary. The term yearlings refers to juveniles that remain in their natal
stream (overwinter) until the following spring before migrating seaward. Juveniles that migrate as

fingerlings are often referred to as sub-yearlings.

Both pink and chum salmon migrate seaward almost immediately after emerging from the gravel, and
thus are less dependent on freshwater habitat than are sockeye, chinook and coho. Seckeye-and-cCoho

may spend one or two years in fresh water before migrating to the ocean. Sockeye also may spend up to

two years in freshwater before migrating to the ocean, or, where lake access is not available, they may

spend a short time rearing in the lower reaches of the river before migrating to sea. The freshwater

rearing habits of fingerlings among and within individual chinook populations may vary considerably.

Once at sea, salmon migrate over routes that vary markedly among species and populations. Seaward
migration of immature salmon tends to be over a broader temporal and geographic range than

streamward migration routes that are generally quite predictable for species and populations.

Table 3.3-1 summarizes differences in key characteristics of-the five species, including rearing time in

freshwater, early rearing habitats, time spent at sea, age at maturity and size.

Table 3.3-1. Summary of key characteristics of Pacific salmon species.

Characteristic Chinook Chum Coho Pink Sockeye
Time rearing in 1monthto 1 Hours to days Most 1 to 2 Hours to days 1to 2 years
fresh water year years

Primary early Stream, estuary Estuary Stream Estuary Lake
rearing habitats

Years spent at 15t04.5 251045 05t015 15 15t035
sea

Age in years at 2t08 2t07 2t04 2 3t08
maturity

Average length 32 5inches 24 6-inches 24 2inches 16 8-inches 20 6-inches
and weight at 15 35-pounds 12 pounds 6 16-pounds 4 pounds 6 5-pounds
maturity

Sources: Canadian Department of Fisheries and Oceans September 2001.
Frank Hawe, Northwest Marine Technologies
Gustafson et al. 1997
Johnson et al. 1997
Hard et al. 1996

Puget Sound Chinook Harvest 3-15 December 2004
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Section 3 — Affected Environment

3.3.1.1 Puget Sound Chinook

General Life History and Abundance

The Puget Sound Chinook ESU includes runs of chinook salmon from the North Fork Nooksack River
in northeast Puget Sound to watersheds in South Puget Sound, Hood Canal and the Dungeness and
Elwha Rivers on the Strait of Juan de Fuca (see Figure 3.2-4 in Subsection 3.2). It occupies a central
geographic position in the historical range of chinook salmon, which extended from the Ventura River,
California to Point Hope, Alaska in North America and in northeastern Asia from Hokkaido, Japan to
the Anadyr River in Russia (Healey 1991).

Maturing adults from the Puget Sound Chinook ESU return to their natal streams from early spring to
mid-fall, spawning from August though November. The majority of populations in the Puget Sound
Chinook ESU migrate to the ocean within their first year following emergence, but important
exceptions exist and are noted below. Many Puget Sound chinook rear within Puget Sound marine

waters for several months.

Fisheries catch data show the ocean migration range of Puget Sound chinook extends as far north as
northern British Columbia and Alaska for some populations. Some apparently rear their entire life
within Puget Sound, but most migrate to the ocean and north along the Canadian coast. The majority
are caught inside the Strait of Juan de Fuca, the Strait of Georgia, Puget Sound, and off the west coast
of Vancouver Island. Less than one percent is caught off the west coasts of Washington and Oregon

(Washington-Department-of Fish-and-Wildlife-et-al-1997Pacific Fishery Management Council 1992 as

cited in S.P. Cramer and Associates 1999). Puget Sound populations show different tendencies to

migrate along the west coast of Vancouver Island or through Johnstone Strait and the Strait of Georgia.

Catch distribution is discussed in more detail below in the descriptions of individual populations.

Myers et al. (1998) estimated an approximate run size of 690,000 chinook in Puget Sound at the
beginning of the 20th century" when hatchery production was negligible, compared to a recent average
run size of approximately 240,000, the majority of which is from hatchery production. Cramer et al.
(1999) notes the total numbers of chinook produced in Puget Sound dropped in the 1990s to about half

the production sustained in the previous two decades. Because of the decrease in total run sizes,

" This estimate, as with other historical estimates, should be viewed with caution. Puget Sound cannery pack
probably included a portion of fish landed at Puget Sound ports but originating in Canada and other areas
outside Puget Sound, and the estimates of exploitation rates used in run-size expansions are not based on precise
data (Myers et al. 1998).

Puget Sound Chinook Harvest 3-16 December 2004
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Section 3 — Affected Environment

managers regulated fisheries to reduce harvests, thereby maintaining spawning escapements at close to

their previous levels.

Recent studies (Hare et al. 1999) suggest marine survival of salmon species fluctuates in roughly 20- to
30-year periods that correspond to broad-scale climate changes. In this century, shifts in the ocean-
climate regime occurred in 1925 — to a warm/dry climate; in 1947 — to a cold/wet climate; and in 1977
— to a warm/dry climate. Following the ocean regime shift in 1977, marine survival of Puget Sound
hatchery chinook dropped sharply beginning with the 1979 brood, and has remained at less than 50
percent of the early 1970s value until 2000. In 2001, following improved oceanographic conditions,

there was a notable increase in escapement within many runs.

Description of Individual Puget Sound Populations
Populations are described here in terms of:
General spawning range — River or river section

Origin — Native (to basin)

— Mixed (native with influence from outside
basin, usually from past hatchery transfers

Status — Healthy, depressed, critical, or unknown
Run timing — Spring, summer, summer-fall, or fall

Run timing refers to the seasonal period during which mature adults return to rivers, and is generally
descriptive of a suite of life-history characteristics that, as a whole, contribute to the diversity of
populations. Puget Sound spring-run populations return to natal rivers from early spring to mid-
summer, and spawn from late summer to early fall in colder, higher-elevation areas of watersheds
where eggs and fry develop more slowly. Puget Sound fall-run populations return to natal streams from
late summer to fall and spawn until late fall. Spring-run juveniles tend to reside longer in natal streams
before their ocean migration, and to have different ocean migration patterns than do fall runs. As the

term implies, spawn-timing characteristics of summer-fall runs are intermediate to spring and fall runs.

In evaluating the effect of the Proposed Action on listed salmonids, the National Marine Fisheries
Service (NMFS) uses an approach consistent with concepts developed by the National Oceanic and
Atmospheric Administration (NOAA), Northwest Fisheries Science Center, for defining the
conservation status of populations and ESUs. These concepts are described in detail in McElhany et al.
2000, incorporated here by reference. These viable salmonid population guidelines describe the

importance of abundance levels, productivity, spatial structure, and diversity as indicators of population
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Section 3 — Affected Environment

status. In assessing the affect of an action, these guidelines help to stratify the ESU adequately to

represent its unique population characteristics (National Marine Fisheries Service 2000).

The most direct biological effect of the Proposed Action or its alternatives is expected to be changes in
the abundance (spawning escapement) of certain populations within the ESU. Consequently, measures
of abundance and description of the geographic and temporal distribution of populations — which
determine their vulnerability to fisheries — are key in NMFS’ evaluation and are emphasized in this
discussion. Habitat characteristics, though important over the long term in shaping life history
characteristics, are expected to be minimally affected or unaffected by the Proposed Action of fishing
regime management. Therefore, habitat characteristics are treated briefly here, and described in more
detail in Appendix C. Appendix C also includes further detail on life history characteristics of each of

the populations.

Freshwater habitat-related activities having the greatest impact on Puget Sound Chinook salmon
generally fall into three major categories: modifications to flow regimes from the operation of dams
and water withdrawals which affect juvenile outmigration and adult return migration; degraded water
quality and reduced and degraded incubation and rearing habitats that reduce abundance and
productivity; and fluctuations in natural conditions. The relative effect of each impact category to the
ESU, and to each population within the ESU, differs. Habitat restoration actions are expected to
improve abundance, productivity, diversity and spatial distribution by restoring degraded habitat
towards proper function (NMFS 1996a) and protecting habitats that are currently properly functioning.
However, in most cases, it will be a decade or more before the effects are demonstrable. Information on
habitat-related effects has been described in detail in various watershed plans (NCRT 2001; SBSRTC
1999; www.sharedsalmonstrategy.org), limiting factor investigations
(http://salmon.scc.wa.gov/reports/index.html) and general reports (Bishop and Morgan 1996; Myers et
al. 1998; PSSRG 1997; WCSBRT 2003). The reader is referred to those documents for detailed
information. The major effects have been summarized in this subsection by major basin and in
Appendix B-1 of the DEIS.

Dams constructed for hydropower generation, irrigation or flood control have substantially affected
Chinook salmon populations in several river systems. The construction and operation of dams have
blocked access to spawning and rearing habitat, changed flow patterns, resulted in elevated
temperatures and stranding of juvenile migrants and degraded downstream spawning and rearing

habitat by reducing recruitment of spawning gravel to downstream areas.
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Section 3 — Affected Environment

Water quality in streams throughout Puget Sound has been degraded by human activities such as dams
and diversion structures, water withdrawals, farming and grazing, road construction, timber harvest,
mining, and urbanization. Within the area encompassed by the Puget Sound Chinook ESU, over 1,300
streams and river segments and lakes do not meet Federally approved, state and Tribal water quality
standards and are now listed as water quality limited under Section 303(d) of the Clean Water Act
(DOE 2004). Tributary water quality problems contribute to poor water quality where sediment and

contaminants from the tributaries settle in mainstem reaches and the estuary.

Highway culverts that are not designed for fish passage can block upstream migration. Migrating fish
are also diverted into unscreened or inadequately screened water conveyances or turbines, resulting in
unnecessary mortality. Whereas many fish-passage improvements have been made in recent years,

manmade structures continue to block migrations or kill fish in some areas.

Land ownership has played a part in habitat and land use changes. While there is substantial habitat
degradation across all ownerships, in general, habitat in many Federally managed headwater stream
sections is in better condition than in the largely non-Federal lower portions of tributaries (Doppelt et
al. 1993; Frissell 1993; Henjum et al. 1994). In the past, valley bottoms were among the most
productive fish habitats (NCRT 2001; SBSRTC 1999; Spence et al. 1996; Stanford and Ward 1992).
Today, agricultural and urban land development and water withdrawals have substantially altered the
habitat for fish and wildlife. Streams in these areas typically have high water temperatures,
sedimentation problems, low flows, simplified stream channels, and reduced riparian vegetation
(Bishop and Morgan 1996; NCRT 2001; PSSRG 1997; SBSRTC 1999). For example, hydro-
modification in the Skagit River system has resulted in a loss of 64 percent of its distributary sloughs
and 45 percent of side channel sloughs (Bishop and Morgan 1996; PSSRG 1997).

Salmon abundance is substantially affected by changes in estuarine and marine environments as well as
changes in freshwater environments. For example, large scale climatic regimes, such as El NiZo, cause
changes in ocean productivity. Much of the Pacific coast was subject to a series of very dry years
during the first part of the 1990s. In more recent years, severe flooding has adversely affected some
stocks. For example, flood events in 1990 and 1995 may have contributed to the low productivity of the
1990 and 1995 brood years for the Nooksack early and some of the Skagit spring and summer/fall

Chinook salmon populations.

Salmon and steelhead are exposed to high rates of natural predation, particularly during freshwater

rearing and migration stages. Ocean predation may also contribute to natural mortality, although the
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Section 3 — Affected Environment

levels of predation are largely unknown. In general, salmonids are prey for pelagic fishes, birds, and
marine mammals, including harbor seals, sea lions, and killer whales. There have been recent concerns
that rebounding seal and sea lion populations, following their protection under the Marine Mammal

Protection Act of 1972, have resulted in substantial mortality for salmonids.

Recent evidence suggests that marine survival of salmon species fluctuates in response to 20-30 year
long periods of either above or below average survival that is driven by long-term cycles of climatic
conditions and ocean productivity (Beamish and Bouillon 1993; Beamish et al. 1999; Cramer et al.
1999; Hare et al. 1999). This phenomenon has been referred to as the Pacific Decadal Oscillation
(PDO) (Mantua et al. 1997). Poor ocean conditions that affect the productivity of Northwest salmonid
populations appear to have been an important contributor to the decline of many populations prior to
listing. The mechanism whereby stocks are affected is not well understood. The pattern of response to
these changing ocean conditions has differed among stocks, presumably due to differences in their
ocean timing and distribution. It is presumed that survival is driven largely by events occurring
between ocean entry and recruitment to a sub-adult life stage. The survival and recovery of these
species will depend on their ability to persist through periods of low ocean survival when stocks may

depend on better quality freshwater habitat and be aided by lower relative harvest rates.

In accord with the viable salmonid population guidelines, NMFS considers the effect an action may
have on both the critical threshold level of abundance and the viable population abundance level. The
critical threshold represents a boundary below which the risk of extinction increases substantially. The
viable population threshold is a higher abundance level that would generally indicate recovery or a
point beyond which ESA protection is no longer required (McElhany et al. 2000; and NMFS 2000).
Because NMFS and the co-managers most commonly use measures of spawning escapement (i.e., the
number of sexually-mature adults returning to spawning grounds) to express abundance, these
threshold levels are referred to as the Critical Escapement Threshold (CET), and Viable Escapement
Threshold (VET) as determined under current environmental conditions. NMFS has quantified specific
critical escapement thresholds for 14 of the populations, and specific viable escapement thresholds for
10 of the populations described here (Table 3.3.2). It should be noted that specific viable escapement
thresholds are estimates based on current habitat conditions, and do not necessarily reflect a level
beyond which ESA protection is no longer warranted. In other cases, NMFS relies on general
guidelines developed by the Northwest Fisheries Science Center (McElhany et al. 2000), and

escapement goals developed by the co-managers to define acceptable levels of spawner abundance.
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Section 3 — Affected Environment

The metric for evaluating salmon fishery impacts for chinook populations originating within the Puget
Sound Action Area is exploitation rate — i.e., fisheries-related mortality expressed as the estimated
proportion of the total population(s) taken in various fisheries. For chinook salmon, this is more
specifically defined as the proportion of the total abundance of all age classes of fish from a given
population or management unit present before fishing began in a given management year. For other
species, exploitation rate is more simply calculated as catch or fishing mortality divided by catch plus
escapement. In evaluating impacts of fisheries on the ESU, NMFS uses the concept of rebuilding
exploitation rates developed consistent with the concepts of the Viable Salmonid Population
guidelines. In general terms, a rebuilding exploitation rate (RER) is the level of exploitation that would
result in a low probability that the proposed harvest action will endanger the population, and a
relatively high probability that it will not impede recovery (McElhany et al. 2000; and NMFS 2000).

Table 3.3-2.  Critical escapement thresholds, viable escapement thresholds, and rebuilding
exploitation rates determined by NMFS for Puget Sound chinook populations.

Critical Viable Rebuilding
Escapement | Escapement | Exploitation
Threshold Threshold Rate
Nooksack River Spring 0.12
North Fork
South Fork 0 00
Skagit River Summer-Fall
Lower Skagit 251 2,182 0.49
Lower Sauk 200 681 0.51
Upper Skagit 967 7,454 0.60
Skagit River Spring
Upper Cascade 170
Upper Sauk 130 330 0.38
Suiattle 170 400 0.41
Stillaguamish River Summer-Fall
North Fork 300 552 0.32
South Fork 200 300 0.24
Snohomish River Summer-Fall
Skykomish 1,650 3,500 0.18
Snoqualmie 400
Green-Duwamish River 835 5,523 0.53

Source: NMFS 2000 and NMFS 2003.
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Section 3 — Affected Environment

The Fishery Regulation Assessment Model (FRAM) provides estimates of total or fishery-specific
exploitation rates for chinook management units, Chinook Validation File, for December 2002
provided by the Northwest Indian Fisheries Commission (Fishery Regulation Assessment Model,
December 2002). This model is briefly described in Appendix C. The exploitation rates include the
number of fish actually harvested and an estimated number of fish that die as a result of being captured
and released, or sustain some other form of injury from fishing gear (see incidental catch in the

glossary and Appendix C).

The distribution of fishery impacts among the major fisheries is also described for populations. These
estimates are based on information from the coded-wire tag database. In this system, a portion of
salmon reared in hatcheries throughout the affected environment are implanted with minute tags
bearing relevant information about their origin. A portion of these tags are recovered through
monitoring programs in the fisheries, at hatcheries, and on spawning grounds. Impacts of fisheries on
naturally-spawning fish (that for the most part are not tagged) are estimated based on impacts of
hatchery-tagged indicator populations released in areas frequented by the natural runs. Unless
otherwise noted, estimates of harvest impacts reported in this section are from The Pacific Salmon
Commission Joint Chinook Technical Committee Report Annual Exploitation Rate and Model
Calibration Report, TC-Chinook 02-3 (Pacific Salmon Commission, October 2002). The status of
populations is qualitatively described as critical, depressed or healthy — taking into account many life
history and habitat factors, but particularly trends in spawning escapement — a convention used by the

CO-managers.

Included in the Puget Sound Chinook ESU are 22 populations (Puget Sound Technical Recovery Team,
April 8, 20042) grouped by the co-managers into 15 management units, corresponding to watersheds
throughout the ESU. The co-managers have classed the populations as Category 1, 2 or 3 on the basis
of the history of salmon in the area, the current characteristics of the population, and the influence of
hatchery production. Category 1 populations are genetically unique and indigenous to watersheds of
Puget Sound. Category 2 populations are located in watersheds where indigenous populations may no
longer exist, but where sustainable populations existed in the past and where the habitat can still
support self-sustaining, natural populations). Category 3 populations are generally found in small
tributaries that may now have some natural spawning, but historically never had independent, self-

sustaining populations of chinook salmon.

Management decisions embodied in the Proposed Action consider Category 1 and 2 populations

because those have been identified as areas that have or historically had independent self-sustaining,
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Section 3 — Affected Environment

natural chinook populations. The status of these populations varies from healthy to critical. The
population delineation proposed by the Puget Sound Technical Recovery Team and incorporated by

NMFS in this document contains only Category 1 and 2 populations.

Chinook salmon populations have been grouped into four regions of the Puget Sound Action Area:
North Puget Sound, South Puget Sound, Hood Canal, and the Strait of Juan de Fuca (see Figure 3.2-1
in Subsection 3.2).

North Puget Sound

River systems in the North Puget Sound region include the Nooksack, Samish, Skagit, Stillaguamish
and Snohomish (see Figure 3.3-1). These four watersheds contain 12 distinct chinook populations
(Puget Sound Technical Recovery Team 2004%1). These drainages are hydrologically diverse, and
support populations with diverse run timing and life history strategies, including five of Puget Sound’s

seven spring chinook runs and three of its five summer-run populations.

Nooksack River. The Nooksack River enters northern Puget Sound just north of the City of

Bellingham, and drains approximately an 800-square-mile area of the Cascade and Puget Lowland

ecoregions. Its main tributaries are the North Fork, Middle Fork and South Fork.

The North Fork, a turbid, glacial stream, is somewhat colder than the South Fork, which is generally
low and clear at the time of spawning migrations. These tributaries have developed genetically distinct,
Category 1, spring-run populations. Both populations spawn in the upper reaches and tributaries of
their respective streams (the North Fork population also spawns in the Middle Fork. The North Fork
population spawns from mid-July through September in roughly 50 miles of spawning area, and the
South Fork population spawns from the end of July through the first week of October over

approximately 40 miles of spawning territory (Myers et al. 1998; and Cramer et al. 1999).
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1  Figure 3.3-1. North Puget Sound Region.
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Section 3 — Affected Environment

The status of the Nooksack early chinook populations is considered critical, due to chronically low
returns and poor freshwater survival. The critical escapement threshold is 400 spawning adults, and the
viable escapement threshold 700 spawning adults for the combined populations (Puget—Seund
TFechnical-RecoveryTeam—Juby222003Nooksack Rebuilding Exploitation Rate Workgroup 2003).

The North Fork population is more abundant than that in the South Fork, and benefits from the

hatchery supplementation program, but the natural productivity of both populations is critically
depressed (Puget Sound Indian Tribes and Washington Department of Fish and Wildlife 2003).
Escapement to the North Fork was below 500 fish in all but two years from 1984 through 1998.
Spawning escapement was 911 fish in 1999, 1,357 in 2000, and 4,057 in 2001. The marked increase in
2001 was partly due to the diversion of a large number of male chinook that returned to the hatchery
(personal communication with Susan Bishop, NMFS Sustainable Fisheries Division, January 13, 2003).
The annual spawning escapement to the South Fork varied from 103 to 606 fish between 1984 and
2001, and the overall trend in escapement during this period has remained flat. Escapement from 1998
through 2001 averaged 310 fish (Figure 3.3-2) (Puget—Sound—Technical-Recovery Team,—in
preparationNMFES 2003b). Terminal harvest rates have declined, but the recruits per natural-origin
spawner for both populations have consistently remained below one recruit per pair of spawners
(NMFS 2003b).

NMFS determined the rebuilding exploitation rate to be 12 percent for both populations (Nooksack
Rebuilding Exploitation Rate Working Group 2003). The total fisheries exploitation rate on both
populations averaged 36 percent from 1983 through 1996, and 18 percent from 1996 through 2000.
Because the Nooksack River is located relatively close to the border between the United States and
Canada, and Nooksack early-run chinook tend to migrate northward, the majority of harvest mortality
occurs within British Columbia, which accounted for 73 percent of fishery mortality from 1997 through
2000 (Fishery Regulation Assessment Model, December 2002). Southern U.S. fisheries accounted for
26 percent of mortality during this period, and Alaska fisheries 1 percent. Puget Sound fisheries that
impact this population are commercial net fisheries in northeastern Puget Sound (Marine Catch Areas 7
and 7A), Bellingham Bay and the Nooksack River (3 percent), and Puget Sound sport fisheries (18
percent) (Figure 3.3-2) (Pacific Salmon Commission, October 2002).
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1  Figure 3.3-2. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Nooksack River spring chinook.
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Section 3 — Affected Environment

A hatchery program on the North Fork Nooksack River at Kendall Creek, operated since 1988,
produces early-run juveniles, a proportion of which are released at acclimation sites in the upper North
Fork Nooksack River. Annual releases of 1.0 million spring-run juveniles accounted for about 6
percent of chinook salmon released in Puget Sound between 1991 and 2000. Releases in 2001 were
1.65 million. (Pacific States Marine Fisheries Commission, December 2002). The spring-run releases
are supplemental to natural production, are believed to reduce the immediate extinction risks associated
with very low natural returns, and are therefore listed under the ESA. Between 1991 and 2001,
hatchery-origin spawning adults accounted for an estimated 59 percent of naturally-spawning chinook
in the North Fork. The supplementation program, located at the Skookum Creek facility in the South
Fork, was discontinued after 1992. Hatchery-origin adults made up 31 percent of natural-spawners in
the South Fork during the same period, indicating that a substantial amount of straying may exist

(Puget Sound Technical Recovery Team, in preparation).

Skagit River. The Skagit River watershed, the largest in Puget Sound, drains an area of more than
1,600 square miles. Chinook salmon spawn in approximately 270 miles of the Skagit River and its
tributaries, the largest of which are the Baker and the Sauk Rivers. The Puget Sound Technical
Recovery Team has identified six populations in the Skagit River system, including spring populations
in the upper Cascade, Sauk, and Suiattle Rivers; summer populations in the lower Sauk and upper

Skagit; and a fall-timed population in the lower Skagit River (Puget Sound Technical Recovery Team,
Apri-8:-20022004). All are Category 1 populations.

Summer-Fall Populations. The lower Sauk summer-run chinook spawn primarily from the mouth of
the Sauk River to Rivermile 21 — separate from the upper Sauk spring spawning areas above Rivermile
32. The lower mainstem Skagit River fall population spawns downstream of the mouth of the Sauk
River. The upper mainstem Skagit and lower Sauk River summer populations spawn from September
through early October. Lower river fall population spawning lasts through October. Age at spawning is
primarily 4 years, with significant numbers of Age-3 and Age-5 fish, as well. Most summer-fall
chinook smolts emigrate from the river as fingerlings, though considerable variability has been
observed in the timing of downstream migration and residence in the estuary prior to entry into marine

waters (Hayman et al. 1996).

The annual spawning escapement for the lower Skagit River fall population has remained well above
the NMFS critical threshold of 250 fish from 1971 to the present. From 1971 through 1996, the average

annual escapement was 2,507. However, escapement declined steadily from the 1970s to the mid-
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Section 3 — Affected Environment

1990s. Escapement averaged 1,540 from 1997 through 2001, well below NMFS’ viable escapement
threshold of 2,182 adult spawners. The most recent 3-year period has shown an increasing trend in

escapement.

The critical threshold for the Lower Sauk River summer population is 200 adults, and the viable
escapement threshold is 681. Adult spawning escapement averaged 892 from 1971 through 1996, after
which returns fell to levels well below the viable escapement threshold through much of the 1990s. The
geometric mean of escapements from 1997 through 2001 was 480, representing a moderate increase

over the previous 5-year mean.

NMFS’ critical threshold for the Upper Skagit summer population is 967, and the viable escapement
threshold 7,454. There was a downward trend in spawning escapement from the early 1970s to the
early-1990s for the Upper Skagit River summer population. Since then, there has been an increasing
trend in spawning escapement, with the geometric mean for this period rising to 7,467 fish compared to
5,618 over the previous 5-year period (Figure 3.3-3). Exceptionally strong escapements were observed

in three of the four latest return years (Puget Sound Technical Recovery Team, in preparation).

NMFS has set rebuilding exploitation rates of 49 percent for the Lower Skagit River population, 51
percent for the Lower Sauk River population and 60 percent for the Upper Skagit River population
(NMFS 2000). Total fishery exploitation rates on the Skagit and Sauk River summer and fall
populations are estimated to have averaged 60 percent from 1983 through 1996, and 29 percent from
1997 through 2000 (Fishery Regulation Assessment Model, December 2002). Since coded-wire tag
data from Skagit River summer-fall chinook is insufficient, fishery impact distribution estimates are
based on recoveries of the nearby Samish River fall-run chinook stock. Canadian fisheries accounted
for 43 percent of mortality from 1997 through 2000, Washington fisheries approximately 55 percent,
and Alaska fisheries approximately 2 percent. Puget Sound net fisheries accounted for 40 percent of
fishing mortality, and sport fisheries 13 percent during this period (Figure 3.3-3) (Pacific Salmon
Commission, October 2002).
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Figure 3.3-3. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
mortality for Skagit River summer-fall chinook.
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Section 3 — Affected Environment

A hatchery at Marblemount produces spring, summer, and fall-run chinook. From 1990 through 2001,
approximately 0.6 million fall-run and 0.4 million summer-run juveniles were released in the Skagit
River. In 2001, approximately 0.2 million summer and 0.2 million fall juveniles were released as
indicator stocks for the coded-wire tag program. The contribution of hatchery-origin fish to natural
spawning has been estimated at less than 1 percent on the lower Skagit and lower Sauk Rivers, and 2
percent in the upper Skagit (Pacific States Marine Fisheries Commission December 2002; and Puget
Sound Technical Recovery Team, in preparation).

Spring Populations. Spring-run chinook begin entering the Skagit River system in April, and spawn
from late July through early September. The upper Sauk River population spawns in the mainstem, the
Whitechuck River, and tributary streams. The Suiattle spring chinook population spawns in the
mainstem and several tributaries. The upper Cascade spring chinook population is spatially separated
from summer-run chinook in the lower Cascade River. The latter population is part of the upper Skagit
River summer chinook population.

NMFS determined the critical escapement threshold for the Upper Cascade spring population to be

170, the Upper Sauk 130, and the Suiattle 170 adults (Puget-Seund-TFechnical-RecoveryTeamJuly-22;
2003Skagit Rebuilding Exploitation Rate Workgroup 2003). Viable escapement thresholds for the

Upper Sauk and Suiattle have been set at 330 and 400 adults, respectively. A viable escapement

threshold has not been determined for the Upper Cascade population. All three populations had
downward trends in escapement from the early 1980s to the early 1990s. From 1984 through 1996, the
geometric mean of escapement was 248 for the Upper Cascade, 361 for the Upper Sauk, and 378 for
the Suiattle. In recent years, there has been an increasing trend in escapement. From 1997 through
2001, the geometric mean of escapement was 269 for the Upper Cascade population, 298 for the Upper
Sauk population, and 401 for the Suiattle spring chinook population. The geometric mean of the
commingled escapement for these three populations was 978 for this period, compared to 799 from
1992-1996 (Figure 3.3-4) (Puget Sound Technical Recovery Team, in preparation).

NMFS determined the rebuilding exploitation rate for the Upper Sauk to be 38 percent and for the
Suiattle, 41 percent. A rebuilding exploitation rate has not been determined for the Upper Cascade
population (Skagit Rebuilding Exploitation Rate Working Group 2003). From 1983 through 1996, the
average annual exploitation rate was 58 percent. From 1997 through 2000, the annual exploitation rate
averaged 31 percent (Fishery Regulation Assessment Model, December 2002). Fifty-three percent of
fishing mortality occurred in Canadian waters, 45 percent in U.S. waters. Puget Sound sport fisheries
accounted for approximately 42 percent of fishing mortality, and Puget Sound net fisheries 3 percent
(Figure 3.3-4) (Pacific Salmon Commission, October 2002).

Puget Sound Chinook Harvest 3-30 December 2004
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1  Figure 3.3-4. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing

2 mortality for Skagit River spring chinook.
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Section 3 — Affected Environment

From 1991 through 2000, approximately 0.4 million spring chinook juveniles were released annually in
the Skagit River system, primarily in the Upper Cascade. Releases in 2001 were 0.42 million. These
releases serve primarily as an indicator stock for the coded-wire tag program. Less than 1 percent of
adults on the spawning grounds are estimated to be of hatchery origin (Pacific States Marine Fisheries

Commission, December 2002; and Puget Sound Technical Recovery Team, in preparation).

Stillaguamish River. The North Fork Stillaguamish River is fed primarily by non-glacial sources in the

Cascade Mountain foothills, flowing for most of its length through the Puget Lowland ecoregion. Its
main tributaries are Squire Creek, Boulder River and Deer Creek. The South Fork Stillaguamish, which

rises in the Cascades east of Fall City, has similar topography.

NMFS determined the North Fork Stillaguamish summer runs and South Fork Stillaguamish fall runs
were distinct populations, based on genetic characteristics, spawn timing, and spawning distribution.
Both are classified as Category 1 populations. The North Fork Stillaguamish River population, a
composite of natural and hatchery-origin supplemental production, spawns primarily in the upper
mainstem and tributaries above Rivermile 14. The South Fork population spawns in the mainstem,

Pilchuck Creek, and lower Canyon Creek (Washington Department of Fisheries, et al. 1993).

North Fork Stillaguamish adults enter the river from May through August. Spawning begins in late
August, peaks in mid-September, and continues past mid-October. The South Fork Stillaguamish
chinook enter the river in August and September, and spawning peaks in early to mid-October. The age
composition of mature North Fork Stillaguamish summer chinook, based on scales collected from 1985
through 1991, was as follows: 4.9 percent Age 2, 31.9 percent Age 3, 54.7 percent Age 4, and 8.5
percent Age 5. Ninety-five percent of juvenile Stillaguamish summer chinook emigrate as fingerlings

(Washington Department of Fisheries et al. 1993).

The critical escapement threshold is 300 for the North Fork Stillaguamish and 200 for the South Fork.
The viable escapement threshold is 552 for the North Fork and 300 for the South Fork. The estimated
annual escapement (geometric mean) from 1974 through 1996 was 740 (range 309 to 1,403) in the
North Fork, and 207 (range 65 to 283) in the South Fork. The estimated annual escapement (geometric
mean) from 1997 through 2001 was 1,087 (range 845 to 1,403) in the North Fork, and 250 (range 226
to 283) in the South Fork (Figure 3.3-5). From 1974 through 1991, there was a declining trend in
escapement to the North Fork. Since then, there has been an increasing trend. Consequently, the
geometric mean of escapement from 1997 through 2001 is similar to that of the mid-1970s. There has

been no significant trend in escapement in the South Fork Stillaguamish River over this period, and the
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Section 3 — Affected Environment

geometric for the most recent 5 years is similar to that of the early 1970s. NMFS determined the
rebuilding exploitation rate to be 32 percent for the North Fork population, and 24 percent for the South
Fork population (NMFS 2000; and McElhany et al. 2000). From 1983 to 1996, the total exploitation
rate on these populations was 47 percent, and from 1997 through 2000, 23 percent (Fishery Regulation
Assessment Model, December 2002). From 1997 through 2000, approximately 18 percent of fishing-
related mortality occurred in Alaska, 50 percent in Canada, 29 percent in Washington sport fisheries,

and 3 percent in Puget Sound net fisheries (Figure 3.3-5) (Pacific Salmon Commission, October 2002).

From 1991 through 2000, releases of chinook in the North Fork Stillaguamish system were less than
0.2 million juveniles annually. Releases in 2001 were 0.39 million. The supplementation program,
which collects broodstock from the North Fork spawning escapement, was initiated in 1986 to rebuild
the North Fork Stillaguamish population. It is considered essential to the recovery of the population, so
these fish are also listed. Hatchery-origin adults comprised 32 percent of natural spawners in the North
Fork from 1990 through 2001. Straying of hatchery fish in the South Fork has not been quantified
(Pacific States Marine Fisheries Commission, December 2002; and Puget Sound Technical Recovery

Team, in preparation).

Snohomish River. The Puget Sound Technical Recovery Team has identified two populations in the

Snohomish River system: Skykomish River chinook and Snoqualmie River chinook. They are both

Category 1 populations (Figure 3.3-6).

Skykomish Chinook. The Skykomish population includes summer/fall-timed fish spawning in the
Snohomish mainstem, the mainstem Skykomish, Sultan River, Bridal Veil Creek and the North and
South Fork of the Skykomish River. A Category 2 population spawning in the Wallace River originates
primarily from the hatchery located there, and is genetically similar to other chinook in the Skykomish
River system (Puget Sound Technical Recovery Team 2004%). Since the 1950s, spawning distribution
of summer chinook has shifted upstream. That is, a much larger proportion of summer chinook
currently spawn higher in the drainage, between Sultan and the forks of the Skykomish River, than in
previous decades (Snohomish Basin Salmonid Technical Recovery Committee 1999). Summer chinook
enter fresh water from May through July, spawning primarily in September. Fall chinook spawn from

late September through October.
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1  Figure 3.3-5. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing

2 mortality for Stillaguamish River summer-fall chinook.

Spawning Escapement and Escapement Goals for Stillaguamish River Summer-Fall Chinook

Estimated escapement of naturally-
spawning adults compared to NMFS'
Critical Escapement Threshold

2400

1600

0

800

®m  North Fork Critical Escapement Threshold /V North Fork Escapement
A South Fork Critical Escapement Threshold South Fork Escapement

N

L e e e L S S B S s S S S B B B S S

1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

Estimated Exploitation Rate and Goals for Stillaguamish River Summer-Fall Chinook

Estimated exploitation rate based on
Fishery Regulations Assessment Model
compared to NMFS' Recovery

/V Estimated Exploitation Rate ®  North Fork Rebuilding Exploitation Rate

4 south Fork Rebuilding Exploitation Rate

/.

\

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Geographic Distribution of Fishing Mortality on Stillaguamish River Summer-Fall Chinook

Distribution of fishing mortality based on
coded-wire tag recoveries of
Stillaguamish chinook indicator stock

Alaska
U.S. Troll

Alaska 18%
Canada 50%
U.S. (Puget Sound) Net 3%
U.S. Sport 29%
U.S. Troll 0%

Puget Sound Net

U.S. Sport -

Canada

Sources: Puget Sound Technical Recovery Team (in progress), Northwest Indian Fisheries Commission, and Pacific

Salmon Commission December 2002.

Puget Sound Chinook Harvest
Resource Management Plan NEPA Final EIS

December 2004



Section 3 — Affected Environment

1  Figure 3.3-6. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Snohomish River summer-fall chinook.
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Section 3 — Affected Environment

NMFS determined the critical escapement threshold for the Skykomish River population to be 1,653,
and the viable escapement threshold as 3,500 spawning adults (personal communication e-mail from
Susan Bishop, NMFS Sustainable Fisheries Division, January 142, 2003). The geometric mean of
annual spawning escapement of the Skykomish River population was 3,023 from 1979 through 1996
(range 1,653 to 5,277). Escapement trended downward from the late 1970s to the mid-1990s, after
which it has increased. From 1997 through 2001, the geometric mean of annual escapement was 3,775
(range 2,335 to 4,665) (Figure 3.3-6).

Snoqualmie Chinook. The Snoqualmie River chinook salmon population spawns in the Sultan and

Snoqualmie Rivers and their tributaries from September through November.

Limited data show the Snoqualmie River fall chinook spawning population to have a somewhat larger
component (28 percent) of Age-5 fish than most other Puget Sound fall populations, with Age-3 and
Age-4 fish comprising 20 percent and 46 percent, respectively, of returns (Washington Department of
Fish and Wildlife 1995, cited in Myers et al. 1998). Both summer and fall runs appear to have a

relatively high percentage of fish that migrate to sea as yearlings.

The critical escapement threshold for the Snogqualmie River is 400. The viable escapement threshold
has not yet been determined (65 Federal Register 42433). The trend in escapement for the Snoqualmie
River population was relatively flat from the late 1970s to the mid-1990s. The geometric mean of
annual escapement was 905 (range 385 to 2,366) from 1979 through 1996. In recent years, escapement
has shown an increasing trend. The geometric mean of escapement from 1997 through 2001 was 1,907
(range 1,344 to 3,589), which is above the generic viable escapement threshold of 1,250. Spawning
escapement to the Skykomish River showed a marked declining trend from the late 1970s until 1993,
and a substantial increasing trend since then. Spawning escapement to the Snoqualmie River showed a
declining trend from the late 1970s until 1996, but has shown an increasing trend since then (Figure
3.3-6).

The NMFS rebuilding exploitation rate for both the Skykomish and Snoqualmie River summer-fall
populations is 18 percent (NMFS 2003c).™ Because juveniles from the Snohomish system were not
consistently tagged, estimates of exploitation rates and distribution of fishing-related mortality for both
the Skykomish and Snoqualmie River populations are based on coded-wire tag recoveries of

Stillaguamish River fingerlings, which are believed to have a similar pattern of ocean migration and

" The RER has recently been revised. It was 32% in 2001 and 2002.
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Section 3 — Affected Environment

timing (personal communication with Will Beattie, Conservation Planning Coordinator, Northwest
Indian Fisheries Commission, January 12, 2003). The average exploitation rate from 1983 through
1996 was 57 percent, and from 1997 through 2001: 27 percent (Fishery Regulation Assessment Model,
December 2002). Based on the same coded-wire tag data from Stillaguamish River chinook fingerlings,
from 1997 through 2000, approximately 18 percent of fishing-related mortality on the Skykomish and
Snoqualmie populations occurred in Alaska, 50 percent in Canada, 29 percent in Washington sport
fisheries, and 3 percent in Puget Sound net fisheries (Pacific Salmon Commission, October 2002). The
portion of fishery impacts in Canada has decreased in recent years (it was 59% from 1984 through

1995), owing to fishery restrictions (Figure 3.3-6).

An average of 1.6 million juvenile chinook were released into the Snohomish River system each year
between 1991 and 2000, or 3.2 percent of Puget Sound releases. Fall-run fish accounted for
approximately 40 percent of releases, summer-run 57 percent, and spring-run — released only in 1997
and 1998 — 3 percent. Virtually all fall and summer-run juveniles were produced in and released from
the Wallace River hatchery on the Skykomish River. In 2001, 1.72 million summer-run juveniles were
released. Fall-run hatchery production originally utilized the Green-Duwamish River stock. These
hatchery fish stray to other areas in the Skykomish River, and may mix with summer chinook
(Washington Department of Fisheries et al. 1993). From 1990 through 2001, an estimated 41 percent of
naturally-spawning chinook in the Skykomish River and 23 percent of naturally-spawning chinook in
the Snoqualmie River were of hatchery origin (Pacific States Marine Fisheries Commission, December
2002; and Puget Sound Technical Recovery Team, in preparation). Broodstock collection was changed
beginning with the 1997 brood year to exclude fall chinook, and thus reduce the influence of out-of-
basin populations on production (Puget Sound Indian Tribes and Washington Department of Fish and
Wildlife 2003). Hatchery production of spring, summer, and fall chinook also occurs at the Tulalip

Hatchery.

South Puget Sound

The southern region of the Puget Sound Action Area contains four major chinook-bearing watersheds.
These are, from north to south, the Lake Washington, Green-Duwamish, Puyallup and Nisqually
watersheds (see Figure 3.3-7). The Puyallup and Nisqually are glacially-influenced rivers originating
from the glaciers of Mt. Rainier and surrounding foothills. The lower reaches of all these system flow
through lowland areas that have been developed for agricultural, residential, urban or industrial use.
There are also several smaller but important chinook-bearing streams in South Puget Sound and Hood

Canal. The Puget Sound Technical Recovery Team has identified six populations in this region.
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Section 3 — Affected Environment

Numerous hatcheries in this area account for the majority of chinook salmon produced in Puget Sound.

Hatchery transfers have affected most populations.

Lake Washington Watershed. The Puget Sound Technical Recovery Team identified two summer-fall

chinook populations within the Lake Washington watershed: the Sammamish River, a Category 2
population, and Cedar River, a Category 1 population (Puget Sound Technical Recovery Team Juhy-22;
20032004). The Sammamish basin includes the Sammamish River, Swamp, North, Bear, Little Bear,
and Issaquah Creeks. Historically, Chinook salmon also spawned in other smaller tributaries to Lake
Washington such as May and Kelsey Creeks. Genetic samples from chinook in Bear/Cottage Creek are
similar to those from Issaquah Creek, site of the Issaquah hatchery. It is not known whether this results
from recent or historical intermingling among fish from these basins. Cedar River chinook may be
genetically distinct, but closely related to those in the Green River (Washington Department of
Fisheries et al. 1993). Until 1916, the Cedar River drained into the Green River, and from 1952 through
1964, Green River chinook were planted in the Cedar, so a close relationship is not surprising. Plants of
hatchery fish were made to most other tributaries to the Lake Washington basin from the Issaquah and

Green River hatcheries, from 1952 to at least the early 1990s. Passage to the upper watershed had been

eliminated at the turn of the century with the construction of the Landsburg Dam. In 2003, 100 vears

later, passage was restored as part of a Habitat Conservation Plan, opening up 17 miles of additional,

good quality habitat to chinook, coho, and steelhead salmon returning to the Cedar River watershed.

Chinook salmon enter Lake Washington drainages from late May through early November. Spawning
is usually complete by the end of November. Chinook spawning in the Cedar River is concentrated
between Rivermile 4.0 and 19.0. Most Cedar River chinook emigrate to Lake Washington prior to
April as fry, but some rear in the river and migrate to Puget Sound between May and July. The Lake
Washington populations have a protracted smolt out-migration, with a large percentage of the run out-

migrating after July 1.
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Figure 3.3-7. South Puget Sound Region.
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Section 3 — Affected Environment

NMFS is currently evaluating critical or viable escapement thresholds for the Lake Washington
populations, but will not complete its analysis prior to completion of this Environmental Impact
Statement. An interim, generic critical escapement threshold of 200 spawning adults and an interim,
generic viable escapement threshold of 1,200 adults has been set by NMFS (NMFS Memorandum
2003a).The co-managers derived an escapement goal of 350 for the North Lake Washington Tributaries
population based on patterns of escapement within the Lake Washington watershed. Actual
escapements have been below this level in the majority of years since 1983, but have shown an
increasing trend since 1997. The geometric mean of spawning escapement was 251 (range 33 to 544)
from 1983 through 1996, and 251 from 1997 through 2001 (range 67 to 537). The co-managers’ goal
for the Cedar River population is 1,200, and actual escapements have been consistently below this
since 1974. The geometric mean of spawning escapement was 576 (range 156 to 1,540) from 1983
through 1996, and 297 from 1997 through 2000 (range 120 to 810) (Figure 3.3-8) (Puget Sound Indian
Tribes and Washington Department of Fish and Wildlife 2003; and Puget Sound Technical Recovery
Team, in preparation).

The total exploitation rate for chinook salmon returning to the Lake Washington watershed was 67
percent from 1983 through 1996, and 26 percent from 1997 through 2000 (Fishery Regulation
Assessment Model, December 2002). Due to a lack of coded-wire tag data for Lake Washington
chinook salmon populations, harvest distribution has been inferred from coded-wire tag data from the
South Puget Sound fall fingerling indicator stock (comprised of releases from the Green River and
Grovers Creek on the Kitsap Peninsula), which have a similar life history and genetic heritage.
Consequently, the reader is referred to the discussion of harvest distribution for the Green-Duwamish
River population. However, fisheries in Lake Washington have been limited to incidental harvest of
chinook in fisheries targeted on other species, so the proportion of catch in the Lake Washington runs
terminal area is much lower than for the Green River (Figure 3.3-8).

Releases of fall-run chinook salmon in the Lake Washington system accounted for about 5 percent of
all Puget Sound releases from 1991 through 2000, or about 2.6 million fish per year. Eighty-seven
percent of releases came from the Issaquah Creek hatchery, and 7 percent originated from the
University of Washington hatchery in Seattle. Releases in 2001 were 2.2 million. There were no
releases of chinook salmon in the Cedar River system (Pacific States Marine Fisheries Commission,
December 2002). The hatchery stock used in the Issaquah hatchery originated from the Green-
Duwamish River basin. Hatchery contribution to natural spawning has not been quantified, although
there appears to be little straying of Issaquah Creek adults to the Cedar River (Puget Sound Technical
Recovery Team, in preparation).
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1  Figure 3.3-8. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Lake Washington summer-fall chinook.
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Section 3 — Affected Environment

Green-Duwamish River Chinook. Fall chinook spawn in the mainstem Green River and in two major

tributaries — Soos Creek and Newaukum Creek. The Puget Sound Technical Recovery Team has
determined that Green River chinook comprise a single population (Puget Sound Technical Recovery

Team 20041). It is considered a Category 1 population.

Spawning in the mainstem Green River occurs from Rivermile 26.7 to Rivermile 61 where the first of
two dams operated by the City of Tacoma blocks spawning access. Chinook begin entering the Green
River in July, and spawn from mid-September through October. Nearly all juveniles migrate seaward
during their first year. Age-4 fish comprise 62 percent of adult returns, with Age-3 and Age-5 fish
comprising 26 percent and 11 percent, respectively (Washington Department of Fisheries et al. 1993;
and Washington Department of Fish and Wildlife 1995, cited in Myers et al. 1998).

NMFS has determined the critical escapement threshold of Green-Duwamish River chinook
population to be 835 adult spawners, and the viable escapement threshold to be 5,523 adult spawners.
The co-managers’ escapement goal is 5,800 natural spawners (NMFS 2000). From 1971 through 2001,
escapements have exceeded the viable escapement threshold in 15 of 31 years, and the long-term trend
in escapement has been positive. The geometric mean of annual spawning escapement from 1971
through 1996 was 4,892 (range 1,840 to 11,515). The geometric mean of spawning escapement from
1997 through 2001 was 8,306 (range 6,170 to 11,025) (Figure 3.3-9) (Puget Sound Technical Recovery

Team, in preparation).
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1  Figure 3.3-9. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Green-Duwamish River summer-fall chinook.
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Section 3 — Affected Environment

The NMFS rebuilding exploitation rate on the Green River population is 53 percent (NMFS 2000).
Harvest mortality distribution for Green River chinook is estimated from recoveries of the South Puget
Sound fingerling indicator stock mentioned previously. Total exploitation on this population fell from
levels above 80 percent in the early 1980s, to levels below 40 percent in the 1990s. The average
exploitation rate from 1983 through 1996 was 63 percent, while the average from 1997 through 2000
was 35 percent (Fishery Regulation Assessment Model, December 2002). From 1997 through 2001,
Canadian fisheries accounted for 30 percent of fishing-related mortality, U.S. sport fisheries 41 percent,
Puget Sound net fisheries 22 percent, U.S. troll fisheries 6 percent, and Alaska fisheries 2 percent
(Figure 3.3-9) (Pacific Salmon Commission, October 2002).

The Green-Duwamish River system, with its large hatchery at Soos Creek, accounts for about 12
percent of Puget Sound hatchery chinook releases, with annual releases of 6.4 million juveniles from
1990 through 2001 (Pacific States Marine Fisheries Commission, December 2002). About 72 percent
of the juveniles were released from the Soos Creek facility, with smaller releases throughout the
system. Releases in 2001 were 4.2 million. From 1990 through 2001, hatchery-origin adults are
estimated to have accounted for 71 percent of naturally-spawning chinook in the system (Puget Sound
Technical Recovery Team, in preparation). Green River chinook stocks were transferred extensively to

watersheds throughout Puget Sound, beginning in the 1950s (Myers et al. 1998).

Puyallup River. The Puyallup River is glacially-influenced as a result of its origin on the north slope of
Mt. Rainier. The Puyallup River watershed also includes the Cascade foothills. The lower reaches of
the Puyallup River flow through agricultural, residential, urban and industrial areas. Fall chinook
salmon account for the vast majority of chinook returning to the Puyallup River system, but the White

River — a main tributary — contains a spring-run population.

White River Spring Chinook. The Puget Sound Technical Recovery Team has identified the spring-
timed chinook in the White River as a single, genetically distinct, Category 1 population, and the only

spring chinook population in South Puget Sound (Puget Sound Technical Recovery Team 20041).

Mud Mountain Dam at Rivermile 23.4 limits upstream adult migration. A portion of White River
spring chinook spawn below the dam, though habitat suitability is constrained by the flow regime.
Natural-origin adult fish are trapped at a diversion dam below Mud Mountain Dam and transported into
the upper watershed, above Mud Mountain Dam, where they spawn in the West Fork of the White
River and tributaries. Spring chinook enter the Puyallup River from May through mid-September, and

spawn from mid-September through October.
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Section 3 — Affected Environment

The status of White River spring chinook is critical because of chronically low escapements and the
population’s reliance on the hatchery supplementation program. NMFS is currently evaluating critical
and viable escapement thresholds for the White River population, but will not complete its analysis
prior to completion of this Environmental Impact Statement. In the interim, NMFS has established
generic critical and viable escapement thresholds of 200 and 1,000 spawning adults, respectively. The
co-managers’ escapement goal is to allow at least 1,000 natural-origin adults to spawn upstream of
Mud Mountain Dam, based on an assessment of available spawning habitat within the White River
watershed and comparisons with similar systems in other areas (WDFW et al. 1996). Escapement of
White River chinook may have exceeded 5,000 in the early 1940s (Puget Sound Indian Tribes and
Washington Department of Fish and Wildlife 2003), but abundance had been reduced to critical levels
in the 1970s by migration blockages, alteration of the flow regime, and degradation of spawning and
rearing habitat. The geometric mean of annual spawning escapement was 115 (range 6 to 628) from
1974 through 1996, and 735 (range 316 to 2,002) from 1997 through 2001 (Figure 3.3-10) (Puget
Sound Technical Recovery Team, in preparation). Spawning escapement has shown a substantial
increasing trend since the late 1980s. However, later-timed summer-fall chinook have recently been
returning to the White River in increasing numbers, which has confounded the counts of spring chinook
(personal communication with Bruce Sanford, Washington Department of Fish and Wildlife, April 2,

2003). The population may not be currently viable in the absence of supplementation (NMFS 2000).

Increased fishery restrictions have all but eliminated impacts to this population in fisheries outside
Puget Sound, and more conservative management in Washington waters lowered the overall
exploitation rate from more than 38 percent between 1983 and 1996, to 22 percent between 1997 and
2000 (Fishery Regulation Assessment Model, December 2002). Nearly all fishery impacts on White
River spring chinook occur in Puget Sound, primarily in recreational fisheries, which currently account
for 91 percent of the harvest of this stock (Figure 3.3-10). This is due in part to release of yearling
smolts from the White River and Hupp Spring hatcheries, which are believed to have a greater
tendency to rear in Puget Sound, and in part due to intentional management of commercial fisheries to
avoid impacts on all spring chinook (personal communication with Susan Bishop, NMFS Sustainable
Fisheries Division, January 5, 2003). Juveniles released at older ages are thought to spend more time in

Puget Sound.
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Figure 3.3-10. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing

mortality for White River spring chinook.
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Section 3 — Affected Environment

A hatchery supplementation program was begun in the mid-1980s to stabilize and rebuild White River
spring chinook. Broodstock is trapped at the Buckley diversion dam on the White River. Unmarked"
fish in excess of hatchery needs are transported above Mud Mountain Dam to spawn to rebuild the
naturally-spawning population. From 1991 through 2000, annual releases of approximately 0.8 million
juvenile spring chinook comprised about 1.6 percent of the total annual chinook releases in Puget
Sound. Releases in 2001 were 0.4 million (Pacific States Marine Fisheries Commission, December
2002). Some hatchery fingerlings are released from upstream rearing ponds. Fish from the White River
hatchery supplementation program are considered essential to recovery of the population, and are

therefore listed.

Puyallup River Fall Chinook. The Puget Sound Technical Recovery Team (2001) has identified a
single fall-timed chinook population in the Puyallup River (Puget Sound Technical Recovery Team
20041). Because hatchery programs have introduced non-native stocks, primarily of Green River
origin, into this system, Puyallup chinook are considered a Category 2 population. Puyallup fall
chinook are genetically similar to Green River chinook (Puget Sound Technical Recovery Team
20041).

Puyallup River fall chinook spawn primarily in South Prairie Creek (a tributary of the Carbon River),
the Puyallup River mainstem,Voights’ Creek, and Kapowsin Creek. Adult passage has occurred at
Electron Dam, at Rivermile 41.7, since 2001. A remnant native component may persist in South Prairie
Creek. Adults begin entering the Puyallup River in late July, and spawning occurs from mid-September
through mid-November. Spawning adults are 76 percent Age-4 fish, 16 percent, Age 3, and 6 percent
Age 5. An estimated 97 percent of smolts emigrate as fingerlings after a few months of freshwater

rearing (Washington Department of Fisheries et al. 1993, cited in Myers et al. 1998).

NMFS is currently evaluating critical and viable escapement thresholds for the Puyallup River fall
chinook salmon population, but will not complete its analysis prior to completion of this Environmental
Impact Statement. In the interim, NMFS has adopted a generic critical escapement threshold of 200 and
a generic viable escapement threshold of 1,250 spawning adults (NMFS Memorandum 2003). Until
recently, the natural-spawning escapement goal for Puyallup River fall chinook was 3,250; however,
the system was managed primarily to achieve hatchery escapement, and the natural escapement goal

was seldom met (NMFS 2000; and Puget Sound Technical Recovery Team, in preparation). The co-

v Denotes fish thought to be of natural-origin, although they could also be unmarked hatchery fish from facilities
other than the White River Hatchery.
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Section 3 — Affected Environment

managers are currently updating the system goal. Until then, the co-managers’ escapement goal is to
insure that at least 500 chinook spawn in South Prairie Creek (Puget Sound Indian Tribes and
Washington Department of Fish and Wildlife 2003). This index of escapement is believed to represent
adequate seeding of the entire system. The estimated geometric mean of annual spawning escapement
was 1,437 from 1971 through 1996 (range 518 to 3,515), and 2,039 from 1997 through 2001 (range
1,193 to 4,995) (Figure 3.3-11) (Puget Sound Technical Recovery Team, in preparation).

Total exploitation rate for this population averaged 72 percent from 1983 through 1996, and 60 percent
from 1997 through 2000 (Fishery Regulation Assessment Model, December 2002). Because a hatchery
indicator stock has not been developed in the Puyallup River, the South Puget Sound fall fingerling
indicator stock provides the most relevant description of Puyallup River chinook harvest distribution
(Puget Sound Indian Tribes and Washington Department of Fish and Wildlife 2003).

Annual hatchery releases of 2.5 million fall chinook in the Puyallup River accounted for approximately
4 percent of Puget Sound chinook releases from 1991 through 2000. Releases in 2001 were 1.61
million. Hatcheries operated by the Washington Department of Fish and Wildlife at Voights” Creek and
the Puyallup Tribe at Diru Creek account for about 78 percent and 21 percent of releases, respectively.

No estimates have been made of hatchery-contribution to natural spawning.

Nisqually River Chinook. The Puget Sound Technical Recovery Team identified one fall-timed

chinook population in the Nisqually River watershed (Puget Sound Technical Recovery Team 20041).
It is a Category 2 population. A partially glacier-fed system, the Nisqually River flows for most of its
length through the Puget Lowland ecoregion. Nisqually chinook spawn in the mainstem and numerous
side channels and tributaries from Rivermile 3 to Rivermile 42 where La Grande Dam blocks further
access. Adult chinook enter the Nisqually River system from July through September, and spawning
activity continues through November. Juveniles typically spend 2 to 6 months in fresh water before
beginning their seaward migration. Forty-five percent of adults are thought to mature at Age 3, and 31
percent at Age 4 (Washington Department of Fisheries et al. 1993; and Washington Department of Fish
and Wildlife 1995, cited in Myers et al. 1998).

Native spring and fall chinook populations have been extirpated from the Nisqually River system,
primarily as a result of blocked passage at the Centralia diversion, dewatering of mainstem spawning
areas by hydroelectric operations, a toxic copper ore spill associated with a railroad trestle failure, and

other habitat degradation (Nisqually Chinook Recovery Team 2001).
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1  Figure 3.3-11. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Puyallup River fall chinook.
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Section 3 — Affected Environment

Prior to 2001, the Nisqually River was managed to achieve egg-take goals for the hatchery
enhancement program. NMFS is currently evaluating critical or viable escapement thresholds for the
Nisqually River chinook population, but will not complete its analysis prior to completion of this
Environmental Impact Statement. In the interim, NMFS has adopted a generic critical escapement
threshold of 200 and a generic viable escapement threshold of 1,100 spawning adults (NMFS
Memorandum 2003). In 2001, the system began to be managed primarily for natural spawning
escapement. The co-managers’ previous natural escapement goal of 900, which was met or exceeded in
48 percent of the years between 1979 and 1999, was increased to 1,100 in 2000 based on an assessment
of available habitat (Puget Sound Indian Tribes and Washington Department of Fish and Wildlife
2003). The trend in escapement from 1979 through 2001 has been slightly upward. The geometric
mean of escapement was 637 (range 85 to 2,332) from 1979 through 1996, and 883 from 1997 through
2000 (range 340 to 1,399) (Figure 3.3-12) (Puget Sound Technical Recovery Team, in preparation).

Based on coded-wire tag data, the exploitation rate on Nisqually River chinook averaged 83 percent
from 1983 through 1996, and 68 percent from 1997 through 2001. From 1997 through 2000, 14 percent
of harvest mortality occurred in Canada, 38 percent in U.S. sport fisheries, 45 percent in Puget Sound
net fisheries, and 3 percent in U.S. troll fisheries. These numbers reflect decreasing harvest impacts in
Canadian fisheries; from 1982 through 1995, Canadian fisheries, U.S. sport fisheries, and U.S. net
fisheries each accounted for roughly 30 percent of harvest mortality (Figure 3.3-12) (Pacific Salmon
Commission, October 2002).

The Kalama Creek and Clear Creek hatcheries operated by the Nisqually Tribe released approximately
2.9 million fall chinook annually (about 6 percent of total Puget Sound chinook releases) from 1991
through 2000. Releases in 2001 were 3.28 million (Pacific States Marine Fisheries Commission,
December 2002). The hatchery stocks were derived from Puyallup and Green River fall-runs, and
preliminary studies show hatchery and naturally-spawning populations are genetically similar (Puget
Sound Indian Tribes and Washington Department of Fish and Wildlife 2003; and Washington
Department of Fisheries et al. 1993, cited in Puget Sound Technical Recovery Team, April 8, 2002).
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1  Figure 3.3-12. Spawning escapement, fishing exploitation rate and geographic distribution of fishing
2 mortality for Nisqually River fall chinook.
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Section 3 — Affected Environment

Hood Canal

Skokomish River Chinook. The Puget Sound Technical Recovery Team identified one chinook

population in the Skokomish River, one of two identified in Hood Canal. The Skokomish River enters
Hood Canal at its southern end; thus, its chinook salmon population is spatially separated from rivers in
the mid-Hood Canal management unit (see Figure 3.3-7). Historically, the Skokomish River supported
the largest natural chinook run in Hood Canal. Presently, spawning takes place in the Skokomish River
mainstem up to the confluence with the South and North Forks, in the South Fork of the Skokomish

River, and in the North Fork to where Cushman Dam blocks higher access.

Skokomish River chinook are a composite of natural- and hatchery-origin fish that are genetically
indistinguishable. The co-managers classify Skokomish summer-fall chinook as a Category 2
population. A small, self-sustaining population of landlocked chinook is present in Lake Cushman,
upstream of the dams.

Chinook salmon enter the Skokomish River starting in late July, with the majority of the run entering
from mid-August to mid-September, and spawning from mid-September through October. Peak
spawning occurs during mid-October. Adults mature primarily at Age 3 (33%), and Age 4 (43%).
Juveniles emigrate primarily during the spring and early summer of their first year (Lestelle and Weller
1994).

NMFS is currently evaluating critical or viable escapement thresholds for the Skokomish River
population, but will not complete its analysis prior to completion of this Environmental Impact
Statement. In the interim, NMFS has adopted a generic critical escapement threshold of 200 and a
generic viable escapement threshold of 1,250 spawning adults (NMFS-Memerandum 2003a). From
1987 (the earliest year for which data are available) through 2001, natural-spawning escapement ranged
from 452 to 2,666. While there has been a downward trend in escapement over this period, it has been
relatively small. The most recent 5-year geometric mean of escapement was 1,105, compared to 937
from 1992 through 1996, and 1,496 from 1987 through 1991.

The overall exploitation rate for all Hood Canal summer-fall chinook salmon averaged 69 percent from
1983 through 1996, and 39 percent from 1997 through 2000 (Fishery Regulation Assessment Model,
December 2002). Coded-wire tag recoveries (from the George Adams hatchery indicator stock)
indicate Canadian fisheries accounted for 37 percent of harvest mortality, U.S. sport fisheries 45
percent, U.S. net fisheries 7 percent, and U.S. troll fisheries 9 percent from 1997 through 2000. This
represents a substantial change from harvest distribution between 1982 and 1995, when Puget Sound
net fisheries accounted for 28 percent of harvest mortality, U.S. sport fisheries 31 percent, and
Canadian fisheries 33 percent (Figure 3.3-13) (Pacific Salmon Commission, October 2002).
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1  Figure 3.3-13. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Skokomish River fall chinook.
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Section 3 — Affected Environment

Fall-timed chinook, originally derived from Green River broodstock, are reared at the George Adams
Hatchery on the Skokomish River. Approximately 0.4 million fall chinook (less than one percent of
total Puget Sound releases) were released each year between 1991 and 2000 in the Skokomish River
system. Additional production at Hoodsport Hatchery, which utilizes George Adams Hatchery
broodstock, also enhances local fisheries. The contribution of hatchery-origin fish to natural spawning

escapement in the Skokomish River is not known.

Mid-Hood Canal Fall Chinook. The Puget Sound Technical Recovery Team determined that summer-

fall chinook salmon from the Dosewalips, Duckabush, and Hamma Hamma Rivers constitute an
independent chinook population within Hood Canal (Puget Sound Technical Recovery Team, July 22,
2003), but noted that the degree to which chinook salmon spawning in these rivers were historically
demographically linked is not clear. Chinook spawn mostly in the lower reaches of the Dosewalips,
because falls and cascades above Rivermile 14 are only passable in high flow years. Genetic data are
not expected to be informative in reconstructing the historical Dosewalips River chinook population
structure or that of other streams tributary to Hood Canal, since many of the chinook spawning in Hood
Canal appear be genetically similar to hatchery-origin chinook derived from Green River-origin
broodstock (Puget Sound Technical Recovery Team;-July-22,-2003 2004).

Current chinook spawner surveys are typically limited to the lower reaches of each stream. In the
Dosewalips River, the areas surveyed are transit areas and do not include all spawning areas; upper
reaches have been occasionally surveyed since 1998. Prior to 1986, no reliable estimates are available
because all escapement estimates for these rivers were made by extrapolation from the Skokomish
River (Puget Sound Indian Tribes and Washington Department of Fish and Wildlife 2003). Escapement
estimates have averaged 46 since 1998. Escapement estimates have varied so markedly in the
Dosewalips River, that there is no apparent trend. Aggregate escapement to the three mid-Hood Canal
rivers has averaged 452 since 1998. Aggregate escapement showed a marked increase subsequent to
1997. Aggregate escapement to the three mid-Hood Canal rivers has averaged 452 since 1998. The
generic critical escapement threshold and viable escapement threshold for the Mid-Hood Canal
population is 200 and 1,250 adults, respectively. Lack of coded-wire tag data makes direct assessment
of harvest distribution and exploitation rates impossible. Managers assume marine harvest distribution
of Mid-Hood Canal chinook similar to that of chinook from George Adams Hatchery; however, the
terminal-area exploitation rate is lower because chinook fisheries are confined to southern Hood Canal

and the Skokomish River.
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Section 3 — Affected Environment

Annual Hood Canal hatchery releases of 2.8 million fall-run and 169,000 spring-run juveniles
accounted for 6 percent of Puget Sound chinook released between 1991 and 2000. Spring chinook
releases, which decreased steadily each year since 1991, were discontinued in 1997. Releases of fall
chinook in 2001 totaled 3.3 million. Fall chinook are reared at numerous satellite locations throughout
this area, but the great majority originate and are released from the Hoodsport facility (79%), and the
Enetai hatchery (8%). The hatchery population is of mixed origin, with significant influence from

transplants from South Puget Sound facilities.

Strait of Juan de Fuca Region

The two chinook-bearing streams in this area, the Dungeness and Elwha Rivers, both originate in the
Olympic Mountain Range. The Dungeness River enters the Strait of Juan de Fuca in the vicinity of

Sequim. The Elwha River enters the Strait of Juan de Fuca west of Port Angeles (see Figure 3.3-14).

Dungeness River. A native-origin, spring-summer chinook run spawns in the Dungeness River to

Rivermile 18.9, where a falls just above the mouth of Gold Creek blocks further access, and in the
Graywolf River, a major tributary. The Dungeness spring-summer chinook run is considered distinct
from other Strait of Juan de Fuca populations based on spawn timing and geographic distribution
(Puget Sound Technical Recovery Team, Apri-8,—20022004), and is classified as a Category 1

population.
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1  Figure 3.3-14. Strait of Juan de Fuca Region.
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Section 3 — Affected Environment

Mature chinook salmon enter the Dungeness River from early summer through September, and spawn
from August through mid-October (Washington Department of Fisheries et al. 1993). More than 95
percent of Dungeness River juvenile chinook migrate to sea during their first year (Washington
Department of Fisheries et al. 1993; Smith and Sele 1995; and Washington Department of Fish and
Wildlife 1995, cited in Myers et al. 1998). Sixty-three percent of adults mature at Age 4, 25 percent at
Age 5, and 10 percent at Age 3 (Point-No-Point Treaty Tribes 1995; and Washington Department of
Fish and Wildlife 1995, cited in Myers et al. 1998).

The Dungeness River spring-summer chinook population is classified as critical due to chronically-low
spawning escapement levels (NMFS 2000; and Washington Department of Fisheries et al. 1993).
NMFS has not yet determined critical or viable escapement thresholds for this population. The co-
managers have set an escapement goal of 925 spawners based on an assessment of current suitable
habitat and capacity (Smith and Sele 1994), which NMFS has adopted as the interim viable escapement
threshold. NMFS has determined the critical escapement threshold to be 500 spawning adults (NMFS
Memerandum 2003a). Escapement has remained mostly below 250 spawners since 1986. The
geometric mean of escapements was 142 (range 43 to 331) from 1986 through 1996, and 132 from
1997 through 2001 (range 50 to 453). The trend in escapement from 1986 to the present has been
relatively flat, although there has been a marked increase in escapement since 1997 (Figure 3.3-15)
(Puget Sound Technical Recovery Team, in preparation). Elwha River-tagged fingerlings offer the best

available description of harvest distribution for Dungeness River chinook.

A captive broodstock program was implemented on the Dungeness River in 1996, with a goal of
increasing the number of naturally-spawning fish. Approximately 1.5 million spring chinook salmon
reared at the Dungeness hatchery were released annually into the Graywolf and Dungeness Rivers
between 1996 and 2000. Releases in 2001 totaled 2.1 million. The contribution of hatchery fish to
natural spawning is unknown, but believed to be substantial (Pacific States Marine Fisheries
Commission, December 2002; and NMFS 2000).
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1  Figure 3.3-15. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Dungeness River spring chinook.
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Elwha River Chinook. The Elwha population is the westernmost population of the Puget Sound ESU,

with genetic and life history traits more similar to coastal chinook populations than other Puget Sound
populations (Myers et al. 1998; and Puget Sound Technical Recovery Team 20041). The Puget Sound
Technical Recovery Team identified one fall-timed chinook population in the Elwha River. It is of

native-origin, supported by hatchery supplementation, and is classed as a Category 1 population.

Adult chinook enter the Elwha River from June through early September. Spawning begins in late
August, and peaks in late September to October (Washington Department of Fisheries et al. 1993).
Elwha River chinook mature primarily at Age 4 (57%), with Age-3 and Age-5 fish comprising 13
percent and 29 percent, respectively, of annual returns (Myers et al. 1998). Naturally-produced

juveniles emigrate primarily in their first year.

The degraded condition of currently usable habitat in the 5-mile reach below the Elwha Dam precludes
a self-sustaining natural population. Prior to dam construction in the early 1900s, the Elwha basin
contained as much as 70 miles of spawning habitat. Recovery of the population depends on restoring

access to high quality habitat in the upper Elwha basin.

NMFS is currently evaluating critical or viable escapement thresholds for the Elwha River chinook
population, but will not complete its analysis prior to completion of this Environmental Impact
Statement. NMFS has determined an interim critical escapement threshold of 1,000 spawning adults
and an interim viable escapement threshold of 2,900 adults for this population (NMFS Memerandum
2003a).There has been a declining trend in escapement since the mid-1980s. The co-managers’
nominal escapement goal of 2,900, which is a composite of 500 natural spawners and 2,400 adults for
broodstock needs, was exceeded only twice between 1986 and 2001. The geometric mean of
escapements was 950 from 1986 through 1996 (range 163 to 5,228), and 821 from 1997 through 2001
(range 633 to 1,578). Despite an apparent increasing trend in escapement since 1994, the overall trend

in escapement has been downward (Figure 3.3-16).

The Elwha River chinook migrate to northern British Columbia and Southeast Alaska. Coded-wire tag
data from 1991 through 1996, showed British Columbia accounted for 54 percent of harvest mortality,
Alaska 10 percent, Washington sport fisheries 21 percent, Washington troll fisheries 5 percent, and
Puget Sound net fisheries 9 percent (Figure 3.3-16) (Pacific Salmon Commission data cited in NMFS
2000).
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1  Figure 3.3-16. Spawning escapement, fishing exploitation rate, and geographic distribution of fishing
2 mortality for Elwha River summer-fall chinook.
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3 Salmon Commission December 2002.
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Section 3 — Affected Environment

Approximately 2.5 million fall chinook fingerlings from the Elwha hatchery were released each year
from 1991 through 2000. Releases in 2001 were 2.6 million. The hatchery uses the native Elwha River
population, and now no longer releases yearling smolts. Chinook produced at the Elwha hatchery are
considered essential to run recovery, and thus are included in the listed ESU. The contribution of
hatchery straying to natural spawning is unknown (Pacific States Marine Fisheries Commission,

December 2002; Puget Sound Technical Recovery Team, in preparation; and NMFS 2000).

3.3.1.2 Hood Canal and Strait of Juan de Fuca Chum Salmon (Oncorhynchus keta)
NMFS listed the Hood Canal summer chum ESU as threatened in 1999. This ESU includes summer-
run populations in Hood Canal and the eastern Strait of Juan de Fuca. Populations within this ESU

exhibit considerable diversity in life-history features.

General Life History

Summer chum spawning occurs from late August through late October, generally within the lowest 1 to
2 miles of the river systems in which they occur. Summer chum fry emerge from stream gravels
between February and the last week of May, and immediately begin migrating to estuarine areas.
Following a brief residence in the estuarine zone, chum fry migrate seaward, returning 2 to 4 years later
along a southerly migration path parallel to the coastlines of southeast Alaska and British Columbia.
Summer chum mature primarily at 3 and 4 years of age, and a few return at Age 5. They enter the Strait
of Juan de Fuca from the first week of July through September, and Hood Canal from early August

through the end of September.

Population Structure

The Hood Canal Summer-Run ESU includes 16 summer-run populations in Hood Canal and the
eastern Strait of Juan de Fuca, including seven populations that have become extinct. It is likely that
summer chum were historically distributed among additional streams within the region. These early-
timed populations are genetically distinct from fall and winter chum salmon (Washington Department
of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000).

Of the 16 populations of summer chum identified to have existed in the Hood Canal summer-run chum
ESU, seven are considered—functionathy—extinet extinct: Skokomish River, Finch Creek, Anderson
Creek, Big Beef Creek, Dewatto River, Tahuya River and Chimacum Creek (Washington Department
of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000). A summary of the status of Hood
Canal and Strait of Juan de Fuca native summer chum populations is shown in Table 3.3-3. Summer

chum are occasionally observed in other Hood Canal drainages, including the Skokomish River, that
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once supported a large summer chum population (see Figure 3.3-7). A re-introduction program began

on the Tahuya River in 2000 and the Dewatto River appears to be undergoing natural re-colonization.

Summer chum salmon populations in the eastern Strait of Juan de Fuca occur in Snow and Salmon
Creeks and in Jimmycomelately Creek. The populations in Chimacum Creek and Big Beef Creek were
extirpated, but were re-introduced in 1996. An unknown number of summer chum salmon return to the

Dungeness River.

The average spawning escapement of summer chum in Hood Canal from 1968 through 1972 was
22,706 fish. By 1989, spawning escapement had reached its historical low of 519. Annual escapements
began to increase in 1993, with escapements from 1998 through 20031 averagingat—#829 9,425

(geometric mean). Escapement has been strongest in northern Hood Canal river systems, particularly

on the west side of Hood Canal, including the Big Quilcene River, where a hatchery supplementation
program is operated. Escapement in 4995-2003 was more than 234,000 fish in nerthern-western Hood
Canal. Streams on the east side of Hood Canal continued to have poor or no escapement except for Big
Beef Creek, where a hatchery supplementation program is also operated (Figure 3.3-17) (Washington
Department of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000; Washington Department
of Fish and Wildlife and the Point No Point Treaty Tribes 20030).
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Figure 3.3-17. Summer chum salmon spawning escapement to the Big Quilcene, other west Hood

Canal streams, and east Hood Canal streams, 1968—2001.
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1  Summer chum escapements in the Strait of Juan de Fuca (Snow, Salmon, and Jimmycomelately
2  Creeks) averaged 1,401 fish from 1974 through 1977, and-4332 2,270 from 1998 through 2003%
3 (geometric mean) (see Figure 3.3-18). (Washington Department of Fish and Wildlife and the Point-No-
4 Point Treaty Tribes 2000; Washington Department of Fish and Wildlife and the Point No Point Treaty
5  Tribes 20036).
6  Figure 3.3-18. Summer chum salmon spawning escapement to Strait of Juan de Fuca streams,
7 1971-2001.
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9  Source: Washington Department of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000; Washington
10 Department of Fish and Wildlife and the Point-No-Point Treaty Tribes 20003.
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chum

Table 3.3-3.  Summary of status of Hood Canal and Strait of Juan de Fuca native summer
salmon populations.

Population Status Population Status
Union Healthy Dungeness Unknown
Hamma Hamma Depressed Big Beef Extinct ‘Re-introduced
Duckabush Depressed Anderson Extinct
Dosewalips Depressed Dewatto Extinct
Big / Little Quilcene Depressed Tahuya Extinct!Extinet
Snow / SalmonQuileene CriticalDepressed Skokomish Extinct
Lilliwaup Srew-+Salmen Critical Finch Extinct
JimmycomelatelyLilfiwasp- Critical Chimacum Extinct! Re-introduced

! These populations have re-introduction programs.

Source: Washington Department of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000.

Table 3.3-4. Summary of environmental and harvest-related factors—impacting contributing to the
decline of Hood Canal and Strait of Juan de Fuca summer chum populations_in the
1970s and 1980s.

Factor

Hood Canal

Strait of Juan de Fuca

Climate

Ocean Conditions
Estuarine Conditions

Undetermined
Undetermined

Undetermined
Undetermined

Freshwater Conditions Moderate Major
Ecological Interactions Wild fall chum Low Low
Hatchery fall chum Low Low
Other salmonids (including Moderate Low
hatchery) Low Low
Marine fish Low Low
Birds Low Low
Marine mammals Low Low
Habitat Cumulative impacts Major Major
Harvest Canadian pre-terminal Low Moderate
U.S. pre-terminal Low Low
Terminal Major Low

Source: Washington Department of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000.
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Section 3 — Affected Environment

Decline of the Hood Canal summer chum ESU has been attributed to a combination of high fishery
exploitation rates, shifts in climatic conditions that have changed patterns and intensity of precipitation
(thus altering stream flows), and the cumulative effects of habitat degradation (Washington Department
of Fish and Wildlife and the Point-No-Point Treaty Tribes 2000; and Johnson et al. 1997 cited in

NMFS 2000). The co-managers have ranked the relative importance of these factors responsible for the

decline offer Hood Canal and Strait of Juan de Fuca summer chum salmon during the late 1970s and

early 1980s.

Catch Distribution

Summer chum salmon are taken incidentally in Canadian and U.S. net fisheries targeting coho and
sockeye salmon. They are taken occasionally in troll fisheries off the west coast of Vancouver Island,
and infrequently by trollers or sport fishermen off the Pacific Coast and in the U.S. portion of the Strait
of Juan de Fuca (Washington Department of Fish and Wildlife and the Point-No-Point Treaty Tribes
2000).

Historically, summer chum salmon were not a primary fishery target in Hood Canal since fisheries
were focused on chinook, coho and fall chum salmon. However, because summer chum run timing
overlaps that of chinook and coho salmon in many areas, they are caught in fisheries targeting these
species. Prior to 1974, Hood Canal was designated a commercial salmon fishing preserve, and the only
commercial fisheries permitted on Hood Canal were on the Skokomish reservation (Washington
Department of Fisheries et al. 1973, in Johnson et al. 1997). When commercial fisheries were opened
on Hood Canal in 1974, incidental harvest of chum increased rapidly, rising to 50 to 80 percent by the
late 1980s in most parts of Hood Canal, and as high as 90 percent in Marine Catch Area 12A during the
1980s. In 1992, after fishery restrictions were put in place to protect summer chum, exploitation rates
in Hood Canal were reduced to an average of 2.5 percent (Washington Department of Fish and Wildlife
and the Point-No-Point Treaty Tribes 2000). Restrictions in Canadian fisheries that intercept summer

chum also contributed to the decline in exploitation.

Hatchery Production

Hatchery programs have operated at the Quilcene National Fish Hatchery since 1992, rearing the local
population to supplement production in the Quilcene River and the Little Quilcene River, and for re-
introduction into Big Beef Creek. Supplementation programs also operate on Lilliwaup Creek, the
Union River, the Hamma Hamma River, Salmon Creek, Chimacum Creek, and Jimmycomelately
Creek.
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Section 3 — Affected Environment

3.3.1.3 Listed Columbia River Chinook Salmon

Small numbers of chinook from Columbia River ESUs may be taken in fisheries in Puget Sound and
the Strait of Juan de Fuca. These include the Lower Columbia River, Upper Willamette River Spring-
run, Upper Columbia Summer-Fall-run and Snake River Fall-run ESUs. Of these, the Lower Columbia,

Willamette Spring and Snake River Fall ESUs are listed as threatened.

The exploitation rates on these populations in Puget Sound fisheries between 1984 and 1994 are all
believed to have been less than 1.0 percent; 0.6 percent for the Snake River fall ESU, 0.48 to 0.59
percent for the Lower Columbia River ESU, and 0.21 percent for the Willamette Spring ESU (personal
communication via e-mail from Dell Simmons, NMFS, to Susan Bishop, NMFS Sustainable Fisheries
Division, December 2002).

3.3.1.4 Bull Trout (Salvelinus confluentus)

Puget Sound and Washington coastal bull trout populations were listed as threatened in November
1999 by the U.S. Fish and Wildlife Service (USFWS). At the same time, USFWS issued a 4(d) rule
exempting from take prohibitions fishing activities taking place at that time (U.S. Federal Register,

Volume 64 No. 210, November 1, 1999; proposed special rule: Salvelinus confluentus).

The bull trout is a char endemic to western North America that exhibits a number of life-history forms.
The stream-resident form lives out its life in small headwater streams. The fluvial form lives as an adult
in large rivers but spawns in small tributary streams, sometimes attaining large size. The lacustrine-ad
fluvial form spawns in tributary streams but lives as an adult in lakes. It grows to a large size and
usually reaches sexual maturity in about its fifth year. Little is known about the bull trout’s marine life
history (MacPhail and Baxter 1996). However, Kraemer (2003) found that bull trout from the Skagit

system commonly switched between fluvial and anadromous forms.

Bull trout are declining in numbers throughout their range, especially at the southern edges of their
distribution where a number of populations have become extinct (including streams in the Willamette

River system, Oregon, and the McLeod River, California) (MacPhail and Baxter 1996).

The 1998 bull trout/Dolly Varden population inventory identified 80 populations in Washington. All
bull trout/Dolly Varden populations in Washington are maintained by wild production. Of the 80
populations identified, 14 (18%) are healthy, 2 (3%) are depressed, 6 (8%) are critical, and the status of
58 populations (72%) is unknown. For a detailed inventory of the status of Puget Sound bull trout
populations, the reader is referred to the 1998 addendum to the Washington Salmon and Steelhead

Stock Inventory (SASSI) report, incorporated here by reference.
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Char are occasionally caught in sport and commercial fisheries in Puget Sound, as well as in in-river
net fisheries. These char are (apparently) bull trout. They are common in nearshore marine areas of
Puget Sound from Everett north, and would be vulnerable to beach seine and set net fisheries. Salmon
test fisheries in the Skagit River catch char, especially during the spring. Post-spawning adults may be
taken in coho and chum fisheries. Char, including bull trout, are routinely caught in Skagit Bay while
test seining for juvenile chinook. In marine waters, the char behave much like sea-run cutthroat,
spending most of their time in shallow water (10 feet or less). Bull trout are quite commonly caught in
local sport fisheries in both Port Susan and Skagit Bay, especially along northern Whidbey Island,
Camano Island, and the mainland from Edmonds north (personal communication via e-mail from Curt
Kraemer, Washington Department of Fish and Wildlife, May 2002 and April 2003).

3.3.1.5 Listed Columbia River Chum Salmon
In March of 1999, the National Marine Fisheries Service (NMFS) listed the Columbia River chum

salmon ESU as a threatened. Johnson et al. (1997) apparently found no documented instances of
Columbia River chum salmon being caught in Puget Sound fisheries. Using the presence of
Washington coastal fall chum in Puget Sound catches as a surrogate for Columbia River fall chum,
NMFS concluded the average annual catch of Columbia River fall chum in northern Puget Sound
fisheries would range from 0 to 21 fish, and that it was unlikely that Columbia River fall-chireek chum

would be encountered in terminal area fisheries inside Puget Sound (NMFS 2000).

3.3.2 Unlisted Salmonids

3.3.2.1 Puget Sound and Olympic Peninsula Coho Salmon (O. kisutch)

General Life History

Coho salmon were historically distributed along the Pacific coast from Chamula Bay, Mexico (Miller
and Lea 1972), to Point Hope, Alaska, through the Aleutians, and from the Anadyr River, USSR, south
to Hokkaido, Japan (Scott and Crossman 1973). The Puget Sound and Washington Coastal ESUs are

geographically intermediate in the coho’s range.

More than 95 percent of coho salmon in Washington, Oregon, and California mature in their third year

of life after rearing up to 15 months in fresh water and approximately 16 months in the ocean.

Juvenile coho prefer low-velocity stream habitats such as pools and backwaters. Coho usually migrate
downstream as yearlings, after which they may reside in estuaries for a few months (Drucker 1972; and
Crone and Bond 1976).
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Regional Population Aggregates

The Puget Sound/Strait of Georgia Coho ESU includes populations from drainages of Puget Sound and
Hood Canal, the Olympic Peninsula east of Salt Creek, and the Strait of Georgia from the east side of
Vancouver Island (north to and including Campbell River) and the British Columbia mainland (north to
and including Powell River), excluding the upper Fraser River above Hope. Coho salmon from this
region differ genetically from those from the Columbia River and the Oregon and California coastal
regions. Differences between coho salmon from the Puget Sound ESU and populations from the

Olympic Peninsula are more modest (Weitkamp, et al. 1995).

Washington Department of Fisheries et al. (1993) identified 40 coho populations within the boundaries
identified by NMFS for the Puget Sound ESU (Washington Department of Fisheries et al. 1993). While
the majority of the populations were sustained by wild spawning, only three of these populations
(Sumas/Chilliwack, Skagit, and Deer Creek [Stillaguamish River]) were determined to be of native
origin. The rest were classed as being of mixed, non-native or unknown origin. However, natural
production is predominant in the Skagit, Stillaguamish, and Snohomish River systems, and comprises a

significant proportion of production in all other management units (Weitkamp et al. 1995).

Status and Abundance Trends. NMFS (Weitkamp et al. 1995) noted that while coho salmon within the

Puget Sound ESU were abundant and, with some exceptions, run sizes and natural spawning
escapements generally stable, there are substantial risks to whatever native production remains. The
Puget Sound Coho ESU remains a candidate species for listing under the federal Endangered Species
Act.

In summarizing assessments of Puget Sound coho salmon population status from four reviews,
Weitkamp et al. (1995) aggregated populations into 15 watersheds and reported considerable variability
in the status of populations from individual tributaries within these watersheds; in many cases, status

ranged from healthy to depressed (Table 3.3-5).
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Table 3.3-5.  Summary of assessments of population status of Puget Sound coho salmon.

Population WDF et al. 1993
Nehlsen et al. Origin 2 Prod. Type 3 Status 4
19911¢
North Puget Sound/ N, M. U W U
Strait of Georgia
Nooksack River A+ M C U
Samish River M C H
Skagit River N, U C D,U
Stillaguamish River N, M W D,U
Snohomish River M, X W, C H,D
Lake Washington M C H,D
Puyallup River M C H,D
Nisqually River M C H
South Puget Sound A (Chambers M. X W.C
minor drainages Creek)
Hood Canal M W, C H,D
Strait of Juan de Fuca A M C D
minor drainages (Lyre River)
Dungeness River M C D
Elwha River A M C H

Source: Weitkamp et al. 1995.

! A+ possibly extinct; A high risk; B moderate risk; C special concern; X extinct.

2 N—native; M—mixed; X—non-native; U—-unknown. * W—wild; C—composite.

* H-healthy; D—depressed; C—critical; U—unknown.

The co-managers group Puget Sound coho populations into six management units and further divide

these into wild and hatchery components. From 1991 through 2000, the annual run size of Puget-Sound

coho populations entering Puget Sound was 669,000, of which 44 percent was naturally spawning. The

management units, and the portion of the wild coho run for which they account, are: Hood Canal
(11%), Nooksack-Samish (6%), Strait of Juan de Fuca (2%), Skagit (8%), Southern Puget Sound (35%)
and Stillaguamish-Snohomish (37%) (Table 3.3-6) (Pacific Fisheriesy Management Council, Ocean

Salmon Fisheries review, 2001).
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Table 3.3-6. Summary of run size and escapement trends for Puget Sound wild coho population
groups, 1981 through 2000.
Population Group Wild Run Hatchery Wild Escapement Trend Wild Run Size Entering
(000s) Run (000s) (1981 through 2000) Puget Sound
Hood Canal 902 893 Marked Increase Slight Increase
Nooksack-Samish 473 2301 Slight Increase Marked Decrease
Strait of Juan de Fuca 166 289 Steep Increase Slight Increase
Skagit River 660 374 Marked Increase Slight Increase
South Puget Sound 2866 7156 Marked Decrease Steep Decrease
Stillaguamish-Snohomish 3027 1146 Slight Increase Substantial Decrease
Combined Wild Populations 8093 1146 Moderate Increase Marked Decrease

Source: Based on data from Pacific Fisheries Management Council Ocean Salmon Review for 2000, Table B-41.

An analysis of trends in run size and escapement for the wild-spawning components of the six Puget
Sound coho management units shows increases in escapement have come about primarily from a
reduction in Puget Sound fisheries, allowing more fish to reach spawning grounds even though total
run sizes entering Puget Sound decreased. Natural spawning increased for five of the management
units: Hood Canal, Nooksack-Samish, Strait of Juan de Fuca, Skagit, and Stillaguamish-Snohomish,
but runs entering Puget Sound showed slight to marked decreases for three of the populations,
including the Stillaguamish-Snohomish group and the southern Puget Sound group that together
account for 72 percent of the total Puget Sound wild coho run (Table 3.3-6) (Pacific Fishery

Management Council Ocean Salmon Review 2001).

Factors Limiting Natural Production

Because Puget Sound coho spend up to 15 months rearing in fresh water before migrating to the ocean,
availability of suitable riparian habitat plays a large role in determining the status of this ESU. Of
particular concern are: the elimination of off-channel rearing habitat (e.g., slow-moving backwaters,
wetlands) due to channel modification; elevated stream temperatures and increased stream velocity due
to loss of shade vegetation, large woody debris and channel modification; and blockages to spawning
migration caused by culverts and other obstacles. Artificial production has masked the status of natural
productivity for many Puget Sound coho populations. High harvest rates, and a recent decline in
average size of spawners is also a factor for concern, because of the potential for reduced fecundity

and/or productivity (Weitkamp et al. 1995).
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Section 3 — Affected Environment

Puget Sound Fisheries

About 9 percent of Puget Sound coho salmon are harvested in British Columbia and Alaska fisheries,
and 13 percent in ocean fisheries off the U.S. Pacific Coast. Puget Sound sport fisheries account for
approximately 30 percent of the catch, freshwater sport fisheries 3 percent, pre-terminal net fisheries 9
percent, and terminal net fisheries 36 percent (Fishery Resource Assessment Model Coho Impact

Summary for 1999 provided by Washington Department of Fish and Wildlife).

Puget Sound coho salmon are caught in directed fisheries, and incidentally in fisheries directed at
sockeye and pink salmon. Because the seasonal peak of most coho runs in Puget Sound is later than
that of chinook runs, their encounter in chinook-directed fisheries increases from earlier to later in the
season. For instance, in the Bellingham Bay chinook-directed fishery, coho comprised less than one
percent of catch during the first week of August, 32 percent of the catch by the second week of

September, and 92 percent by the first week of October. Similar patterns exist in other fisheries.

Hatchery Production

From 1991 through 2000, approximately 24 million juvenile coho were released into Puget Sound
annually. Of these releases, approximately 57 percent were in basins in mid- and southern Puget Sound,
19 percent in the Nooksack-Samish basin, 7 percent each in the Stillaguamish-Snohomish basins, 6
percent in the Strait of Juan de Fuca, and 3 percent in the Skagit basin. Over this period, total releases
decreased from about 40 million in 1991 to less than 10 million in 2000 (Pacific States Marine

Fisheries Commission, December 2002)."

Olympic Peninsula Coho ESU

The Olympic Peninsula Coho ESU contains populations from the Quinault, Queets, Hoh and
Quillayute Rivers. Coho from the Olympic Peninsula ESU are rarely encountered in Puget Sound
fisheries. According to coded-wire tag data from 1990 through 2000, 87 percent of coho from the
Olympic Peninsula ESU are caught in Washington coastal fisheries, 10 percent in British Columbia,
and less than 1 percent in Puget Sound fisheries (Pacific States Marine Fisheries Commission,
December 2002).

¥ Data may be incomplete for 2000. Releases in 1999 were about 12 million.
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3.3.2.2 Puget Sound Sockeye Salmon (O. nerka)

General Life History

In North America, spawning populations of sockeye salmon range from the Columbia River northward
to the Bering Sea, Alaska. The Strait of Juan de Fuca is considered to be near the southern limit of the
sockeye’s range. Sockeye salmon utilize stream systems with lakes, where fry reside from 1 to 3 years
before migrating to the ocean. Spawning migrations take place from June through August. Sockeye
typically migrate from lakes from March through July, and remain in estuaries for a relatively short
time compared to other species. Sockeye spend 1 to 4 years at sea, returning to spawn as Age-3, Age-4,
or Age-5 fish.

Population Structure

Washington Department of Fisheries et al. (1993) identified four distinct sockeye salmon populations
in Puget Sound. The Baker River (tributary to the Skagit River) contains a native population
maintained through a hatchery culture program, and is considered an Evolutionarily Significant Unit
(ESU) (Gustafson et al. 1997). Historically, prior to construction of the Baker Dam, the run ascended

the Baker River. Currently, sockeye are trapped below the dam and hauled above it to spawn.

Three other populations have been identified in the Lake Washington system, the largest being that
returning to the Cedar River. This non-native population originated from fry plants of Skagit River
sockeye in the 1930s, and is maintained through wild production, spawning throughout the 21 river
miles below the Landsburg Diversion Dam. Returns to the Sammamish Slough and other small Lake
Washington tributaries comprise the Bear Creek Provisional ESU, a population genetically dissimilar
from the introduced Cedar River populations, and one that may be native to the Lake Washington

system. Another distinct and possibly native population spawns on Lake Washington beaches.

Gustafson and Winans (1999) identified groups of river and sea-type spawning sockeye salmon in

Puget Sound that are distinct from Puget Sound lake-type sockeye salmon, but did not reach a

definitive conclusion regarding population structure. Puget Sound sea-/river-type sockeye were not

genetically distinct from other river/sea-type along the Pacific coast. The authors suggested several

likely hypotheses for their occurrence: 1) Puget Sound sea-/river-type sockeye are strays from British

Columbia populations; 2) Puget Sound sea-/river-type sockeye represent one U.S. population; or 3)

Puget Sound sea-/river-type sockeye are part of a larger Pacific west coast population. WDFW is

reviewing the population structure and status of Puget Sound sea-/riverine sockeye as part of an update

of the Washington Salmon and Steelhead Stock Inventory; the update was not complete at the time of

this writing (personal communication with Ann Blakely, WDFW, Fishery Biologist, August 31, 2004).
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Section 3 — Affected Environment

Therefore, the following discussion concentrates on the sockeye salmon populations that have been

identified to-date in Puget Sound.

Status
Baker River ESU. The-BakerRiver-sockeye-population-status-is-considered-eritical—The 1990 through

1994 average annual spawning escapement was about 2,700, compared to as many as 20,000 fish near

the turn of the century and prior to construction of Baker Dam. Although population abundance has
fluctuated considerably, the abundance trend from 1926 through 1995 decreased by approximately 2
percent per year. More recently (1986 through 1995), abundance has increased by approximately 32
percent a year. The escapement in 1994 of 16,000 fish was the highest since construction of Baker
Dam. Like many sockeye populations, the Baker River ESU returns fluctuate markedly within a 4-year
cycle, with the largest returns occurring regularly in a dominant brood year. The 1994 return and,

subsequently, the 1998 return (13,000 fish) occurred in peak years for the run.

Big Bear Creek Provisional ESU. Recent average abundance in this ESU (10,000 to 20,000 spawning

escapement) was judged by NMFS (Gustafson et al. 1997) to be relatively high, and the ESU is not

considered at risk of extinction or likely to become so.

Cedar River Sockeye. Washington Department of Fisheries et al. (1993) classified this population as

depressed due to a long-term decline in freshwater survival and escapements. Escapements from 1967
through 1991 ranged from 76,000 to 365,000 annually.

Lake Washington Beach Spawning Populations. Washington Department of Fisheries et al. (1993)

classed the Lake Washington beach-spawning sockeye population as depressed due to a long-term

negative trend in escapement.

Factors Limiting Natural Production

The primary limiting factor on Baker River sockeye is the near absence of natural spawning habitat.

This population is vulnerable to dam passage constraints, water quality problems and associated

diseases in its rearing basin. Lake Washington sockeye runs are vulnerable to the effects of human
population growth in the area. The hydrology of the Cedar River has been altered by diking throughout

the majority of its length below the Landsburg Diversion Dam.

Fishery Impacts in Puget Sound

Baker River Sockeye. Because the migration of the Baker River sockeye run occurs well in advance of

the more abundant Fraser River and other more northern sockeye runs, commercial net fisheries, at
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Section 3 — Affected Environment

least in the Strait of Juan de Fuca region, probably have little impact on this run. Relatively small
numbers (from less than 40 per week in late August to as many as 1,490 per week in mid-September
between 1996 and 2001) of sockeye salmon are taken in the early weeks of the Bellingham Bay and
Samish Bay chinook-directed fisheries, but the origin of these fish is unknown (Washington
Department of Fish and Wildlife, December 2002). Sockeye salmon are rarely taken in marine sport

fisheries in Washington, including those directed at chinook.

Lake Washington Sockeye. Sport and tribal commercial sockeye fisheries in Lake Washington have

occurred sporadically in recent years, when run size is expected to exceed the escapement goal of
350,000. The sport fishery in Lake Washington attracts high angler effort when the season does open,
and the allowable catch is taken within a few days or weeks. Impacts of marine salmon fisheries on
Lake Washington sockeye salmon populations have only recently been estimated by the Fraser Panel
Technical Committee. Because the migration of this run occurs well in advance of the more abundant
summer- and late-run Fraser River stocks, commercial net fisheries in the Strait of Juan de Fuca have

measurable impact on Lake Washington sockeye when they target early Fraser River stocks.

3.3.2.3 Washington Coastal Chinook and Unlisted Columbia River Chinook

Unlisted Columbia River Chinook

There are two unlisted Columbia River chinook ESUs, the mid-Columbia spring-run ESU and the
upper-Columbia summer-fall run ESU. Fish from these ESUs are rarely taken in Puget Sound fisheries.
Based on coded-wire tag recoveries of upper Columbia summer-fall chinook, approximately 0.2
percent of fishery mortalities occurred in Puget Sound fisheries, mostly in the Marine Catch Area 4B
treaty troll fishery and other fisheries in the western Strait of Juan de Fuca. Coded-wire tag recoveries
also show that less than 0.1 percent of fishing mortalities on the mid-Columbia River spring ESU occur

in Puget Sound.

Coastal Populations

Chinook from the Washington coastal ESU are taken somewhat more frequently in Puget Sound
fisheries than Columbia River chinook. Coded-wire tag-data show that approximately 3 percent of
fishing mortality on this ESU takes place in Puget Sound fisheries (Pacific States Marine Fisheries

Commission, January 2003).

Chinook from the Oregon Coastal Natural Coho ESU are very rarely encountered in the Puget Sound
Action Area. For the period 1991 through 2000, recoveries of coded-wire tagged chinook from

indicator populations in the Northern Oregon Coastal ESU accounted for less than one-half of one
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Section 3 — Affected Environment

percent of tags recovered from this ESU (Pacific States Marine Fisheries Commission, December
2002).

3.3.2.4 Puget Sound Chum Salmon (Unlisted)

Washington Department of Fisheries et al. (1993) identified 45 fall chum populations in Puget Sound,
including nine in the northern area (Canada-Washington border to Stillaguamish), 30 in the southern
area (Snohomish watershed south and Hood Canal), and six in the Strait of Juan de Fuca. The status

was unknown for 13 of these populations and healthy for all others.

Total estimated run size for Puget Sound fall chum averaged slightly more than 1.0 million from 1968
through 1999, and just fewer than 1.5 million from 1991 through 1999. During the former period, run
sizes have fluctuated from a low of 156,000 to more than 2.4 million fish. The long-term trend has been
upward since the late 1960s. Thirty-seven percent of the total run originates in Hood Canal, 33 percent
in South Puget Sound, 29 percent in North Puget Sound, and 1 percent in the Strait of Juan de Fuca
(Washington Department of Fish and Wildlife, Chum Salmon Web Site).

Chum salmon from Washington appear to migrate northward along the coast along a path closer to
shore than coho, chinook or steelhead. Most chum mature at 3 to 5 years of age. A higher proportion of
chum from Washington mature at Age 3 than do those from more northerly areas. Because the peak of
the mature chum salmon migration in Puget Sound (October-November) occurs later than that for
chinook (August-September), chum are infrequently taken in chinook-directed fisheries (approximately
1 chum per 250 chinook between 1996 and 2001). Conversely, chinook are also rarely taken in
fisheries targeting chum salmon (1 chinook per 476 chum between 1996 and 2001) (Washington
Department of Fish and Wildlife, December 2002).

From 1991 through 2000, an average of more than 5.1 million hatchery chum salmon per year were
released into Puget Sound. Of these, approximately 91 percent were fall chum (i.e., generally spawning
after mid-October), and 1 percent were winter chum (i.e., generally spawning prior to mid-October)

(Pacific States Marine Fisheries Commission, December 2002).

3.3.2.5 Puget Sound Steelhead (O. mykiss)

After hatching, steelhead typically spend from 2 to 4 years in their natal stream before migrating to sea.
The juvenile steelhead migration usually occurs from April to June. They then spend up to 3 years in
salt water prior to spawning. Unlike other species of Oncorhynchus, some steelhead populations may

spawn more than once. Steelhead typically live from 6 to 8 years.
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Section 3 — Affected Environment

The Puget Sound Steelhead ESU occupies river basins of the Strait of Juan de Fuca, Puget Sound, and
Hood Canal, Washington. Included are river basins as far west as the Elwha River and as far north as
the Nooksack River. Puget Sound steelhead generally form a coherent group, distinct from populations

elsewhere in Washington.

The majority of steelhead populations in Puget Sound are winter-run, but summer-run steelhead are
also present, usually in subbasins of large river systems and above seasonal hydrologic barriers. Winter
run (also known as ocean-type) steelhead typically spend less time rearing in streams as juveniles than
do summer-run (also known as stream-type). Most summer-run fish are found in the Skagit,
Stillaguamish, and Skykomish River systems. Mature summer-run steelhead enter streams between
May and October. Spawning occurs anywhere from December to April of the following year. In the
Skagit, Stillaguamish, and Snohomish systems, winter-run steelhead may enter their streams as early as
mid-October. In contrast, winter-run steelhead enter rivers and streams in the Lake Washington basin,
South Sound, and Hood Canal, beginning in November or December, and the peak of spawning occurs

between March and May of the following year (Busby et al. 1996).

Total run size for Puget Sound steelhead in the early 1980s can be calculated from estimates in Light
(1987) as approximately 100,000 winter steelhead and 20,000 summer steelhead. Light provided no
estimate of hatchery proportions specific to Puget Sound streams, but for Puget Sound and coastal
Washington combined, he estimated that 70 percent of steelhead in ocean runs were of hatchery origin.
The percentage in escapement to spawning grounds would be substantially lower due to differential

harvest and hatchery rack returns.

Washington Department of Fisheries et al. (1993) identified 53 stocks within the Puget Sound
Steelhead ESU, of which 31 were considered to be of native origin and predominantly natural
production. Their assessment of these 31 stocks was: 11 healthy, 3 depressed, 1 critical, and 16
unknown. Their assessment of the remaining (not native/natural) stocks was 3 healthy, 11 depressed,

and 8 unknown.

Recent 5-year average natural escapements for streams with adequate data range from less than 100 to
7,200, with corresponding total run sizes of 550 to 19,800. Total recent run size for major stocks in the

Puget Sound Steelhead ESU was more than 45,000, with total natural escapement of about 22,000.

Johnson et al. (1996) concluded that steelhead stocks in the Puget Sound ESU were probably naturally
self-sustaining, but noted there was concern about summer steelhead stocks that are typically small,

occupy limited habitat, and in most cases are subject to introgression by hatchery fish.

Puget Sound Chinook Harvest 3-77 December 2004
Resource Management Plan NEPA Final EIS



o N oo o B~ W N B

10
11
12
13

14
15
16
17

18
19
20
21
22
23
24
25
26

27
28
29
30

Section 3 — Affected Environment

Washington has maintained an extensive hatchery program for steelhead for several decades. From
1990 through 2001, 2.3 million hatchery-reared steelhead smolts were released in Puget Sound, of
which 80 percent were winter-run. Thirty-seven percent of these smolts were released in the
Stillaguamish and Snohomish basins, 28 percent in mid-Puget Sound streams, 20 percent in the Skagit
system, 8 percent in southern Puget Sound streams, 4 percent in the Nooksack River, and 3 percent in
Hood Canal (Pacific States Marine Fisheries Commission, December 2002). The hatchery program is
intended to augment natural production, and harvest rates on hatchery stocks are typically high (Busby
et al. 1996).

Steelhead sport fishing is very popular in Washington. The most recent (1999 to 2000) annual sport
steelhead catch in Puget Sound rivers was approximately 11,000 fish. Two river systems, the
Snohomish and Stillaguamish, accounted for more than half of this catch (Washington Department of
Fish and Wildlife 2002). In the late 1970s, the Washington Department of Wildlife began requiring

anglers to release steelhead from naturally-spawning parents.

Tribal fishermen also take steelhead in commercial, ceremonial and subsistence fisheries, primarily
with set nets. The tribal steelhead catch within the Puget Sound Action Area averaged approximately
3,600 fish annually from 1991 through 2001 (personal communication with Will Beattie, Conservation

Planning Coordinator, Northwest Indian Fisheries Commission, December 2002).

Steelhead are rarely taken in ocean or Puget Sound marine commercial fisheries (NMFS 2000). They
are occasionally taken in near-terminal fisheries or in-river fisheries targeting chinook. However,
because nearly all (98%) of terminal-area commercial chinook landings occur before October, there is
little overlap with migration of winter-run steelhead. Some overlap occurs between summer-run
steelhead and chinook in August and September. Tribal landings data show an average of 91 steelhead
taken in these two months combined between 1990 and 2001 (Washington Department of Fish and
Wildlife commercial fisheries landing data provided by Lee Hoines, Washington Department of Fish
and Wildlife 2002). Steelhead may occasionally be taken by anglers targeting chinook salmon in river

fisheries.

3.3.2.6 Puget Sound Pink Salmon (O. gorbuscha)
Pink salmon mature at the smallest average size of any species of Pacific salmon. Their spawning

distribution ranges from Puget Sound to Norton Sound, Alaska, in North America, and from North
Korea Anadyr Gulf, Russia, in Asia (Heard 1991 and Mathisen 1994). Between 70 and 80 percent of
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Section 3 — Affected Environment

the Washington pink salmon spawning escapement occurs in North Puget Sound (Washington
Department of Fisheries et al. 1993; and Big Eagle & Associates and LGL, Ltd. 1995).

Pink salmon spawn during the late summer and fall in both large and small rivers, and tend to spawn
closer to tidewater than other species of Pacific salmon — generally within 30 miles of a river mouth
(Heard 1991, Washington Department of Fisheries et al. 1993). Fry migrate downstream primarily in
March and April, although migration can extend into May. Puget Sound pink salmon appear to rear in
nearshore areas for a few weeks to a few months, then move offshore. Some Puget Sound pink salmon,
and possibly some from Hood Canal, spend their entire marine phase in the nearshore environment
(Jewell 1966 and Heard 1991).

Because essentially all pink salmon mature at 2 years of age, this species lacks variable age structure.
Two broodlines (even- and odd-year) result from generations spawning in alternate years. Twelve odd-
year spawning populations have been identified in Washington: four in the Nooksack, Skagit,
Stillaguamish, and Snohomish Rivers in North Puget Sound; two in South Puget Sound in the Puyallup
and Nisqually Rivers; three in Hood Canal in the Hamma Hamma, Duckabush, and Dosewalips Rivers;
and three on the Strait of Juan de Fuca in the upper Dungeness, lower Dungeness, and Elwha Rivers.

One even-year population in the Snohomish River has been identified (Hard et al. 1996).

The National Marine Fisheries Service (NMFS) conducted a review of pink salmon ESUs in 1996.
Available data suggested the even-year pink salmon population in the Snohomish River had been
increasing since 1980. Most populations of Puget Sound odd-year pink salmon appear to be healthy,
with overall abundance close to historical levels. The NMFS biological review team did express some
concern about populations in the Strait of Juan de Fuca; however, they concluded that neither the Puget
Sound even-year ESU nor the Puget Sound odd-year ESU warranted listing under the Endangered
Species Act. Because the run timing of pink and chinook salmon in Puget Sound overlap considerably,
pink salmon are taken in chinook-directed commercial fisheries. A review of commercial catch data for
1997, 1999 and 2001, showed one pink salmon landed per every 2.4 chinook in areas where there were
chinook-directed fisheries, primarily in Marine Catch Areas 7B (Bellingham Bay) and 8D (Tulalip) in
September. Salmon anglers may also catch pink salmon while targeting chinook. In fact, when pink
salmon presence coincides with chinook presence, pinks are much more frequent in the catch than are
chinook. During the peak of the pink salmon run (August-September), approximately one chinook is

landed per every 37 pink salmon (Washington Department of Fish and Wildlife, December 2002.)
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Section 3 — Affected Environment

Relatively small numbers of pink salmon are reared in Puget Sound hatcheries. Approximately 3.0
million pink salmon juveniles were released in each odd-year between 1990 and 2001 (Pacific States

Marine Fisheries Commission, December 2002).

3.3.3  Non-Salmonid Fishes (Groundfish)

At least 80 species of groundfish occur in Puget Sound. Most common are flatfishes such as sole and
flounders, rockfishes, surf perches, halibut, sculpins, spiny dogfish, lingcod and Pacific cod. In recent
history, walleye pollock were also very abundant, but have declined markedly over the past two
decades. Flatfish, which include Pacific sandabs, butter sole, Dover sole, sand sole, starry flounder and
other species, currently make up the largest part of the catch (46%). Rockfish make up 30 percent of
the catch, with most of this occurring on five species: copper, quillback, black, brown, and yellowtail
constitute more than 90 percent of the rockfish catch. Surf perches account for approximately 10
percent of the non-salmonid catch, Pacific halibut 2 percent, sculpins 2 percent, spiny dogfish 1
percent, and lingcod 1 percent. Pacific cod, which, like walleye pollock were formerly abundant, are

now rarely taken.

Status of Puget Sound Groundfish Populations

An assessment by the Washington Department of Fish and Wildlife classified 55 percent of groundfish
stocks in South Puget Sound and 44 percent of stocks in North Puget Sound as being in poor condition
(Puget Sound Water Quality Action Team 2002). Pacific cod are in depressed or critical condition in
most areas, as are walleye pollock and spiny dogfish in South Puget Sound. Lingcod and halibut stocks
in most areas are at or above average levels. The status of rockfish species is considered depressed in
both North and South Puget Sound. The status of flatfish stocks varies by area and species from critical

to above average.

In response to a petition to list Puget Sound rockfish as threatened under the federal Endangered
Species Act (Wright 1999), NMFS conducted a status review of Puget Sound brown, copper and

quillback rockfish, and concluded that ESA listing was not warranted.

Trophic Interactions

Groundfish are widely distributed, and are important components of most ecosystems where they
occur. Larvae and juveniles of several species, including rockfishes, have significant trophic value in
pelagic ecosystems as prey for a variety of fishes, including chinook salmon (Ralston 1990) and coho

salmon (Healy 1980). Sub-adults and adults of many groundfish are important top predators and
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Section 3 — Affected Environment

competitors in nearshore benthic ecosystems, some species possibly having keystone roles in

structuring biodiversity and promoting energy transfer in these systems.

Incidental Catch of Groundfish Species in Chinook Fisheries

Groundfish species, including rockfish and halibut, are frequently caught by anglers targeting chinook
(or other salmon species) in Puget Sound. Based on data collected through creel surveys between 1986
and 1999, Palsson estimated anglers targeting salmon in Puget Sound caught 0.65 groundfish, including
0.05 rockfish per angler trip. Incidental groundfish catch varied by marine catch area from a high of
2.09 per angler trip in Marine Catch Area 5 (Sekiu-Pillar Point), to a low of 0.024 per angler trip in
Marine Catch Area 11 (Tacoma-Vashon) (personal communication via e-mail from Wayne Palsson,
Washington Department of Fish and Wildlife, December 2002). Groundfish species commonly taken
other than rockfish include pollock, dogfish, Pacific cod, lingcod, and ratfish. Halibut are infrequently
caught by anglers targeting salmon (personal communication with Greg Bargmann, Washington
Department of Fish and Wildlife, January 2003).

Commercial net fishers targeting salmon may inadvertently take groundfish species. However, this is
typically disruptive of their salmon fishing, and is therefore avoided to the extent possible. With few

exceptions, groundfish catches are not landed and not reported.

3.3.4 Forage Species (Pacific Herring, Sandlance, Smelt)

Forage fish are so-called because they are an important part of the food chain of other fishes (including
chinook salmon), seabirds, and mammals. Changes in the abundance of forage fish can have impacts on
other species. The base of prey supporting fish-eating species in Puget Sound primarily consists of
herring, sandlance, smelt, juvenile hake and juvenile pollock (West 1997). Puget Sound is typical of
many marine environments that contain a large number of lower trophic-level species such as plankton;
a substantial number of higher trophic-level species such as larger fish, seabirds and mammals; and
relatively few intermediate trophic-level species such as small pelagic fish (Washington Department of
Fish and Wildlife Forage Fish Management Plan). The Washington Department of Fish and Wildlife
has established a Priority Habitats and Species List to identify species and habitats of special concern.
Pacific herring, surf smelt and Pacific sandlance are included on this list. Washington Administrative
Code (WAC) 220-110-250 established saltwater habitats of special concern including smelt, herring
and sandlance spawning beds. Construction projects may be prohibited or conditioned in these areas
during certain times of the year (Washington Administrative Code 220-110-217) (Washington
Department of Fish and Wildlife, Forage Fish Management Plan). NMFS conducted a Pacific herring

status review in response to a petition to list this species. The review team concluded that the distinct
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population segment represented by stocks in the Georgia Basin and Puget Sound was not at risk of
extinction, nor likely to become so. However, most members expressed concern that they could not
entirely rule out the possibility that the Georgia Basin (Puget Sound) population segment at present is

likely to become in danger of extinction (Stout et al. 2001).

3.3.5 Fish Habitat Affected by Salmon Fishing

Habitat Types Affected

Fish habitat potentially affected by salmon fishing within the Puget Sound Action Area includes
benthic substrate and associated plant and animal communities in marine areas where gillnets, purse
seines and beach seines are used, especially in shallower areas or areas of eelgrass beds. Spawning and
riparian rearing habitat may be affected by in-river fisheries, by wading fishermen, the wakes of fishing

craft, or other mechanical disturbances.

Gear Types with Detectable Habitat Impacts

The most common habitat impact that may result from actively-fished gear would be scouring of the
seabed or river bottom by the weighted line at the bottom of gillnets, purse seines and beach seines.
While this undoubtedly occurs in many areas, fishermen endeavor to avoid entanglement and abrasion
to their fishing gear by minimizing bottom contact. While local effects may be observable, it is unlikely

that impacts are detectable on a broad scale.

Derelict Fishing Gear

Fishing gear in all types of salmon fisheries is lost as a result of entanglement with bottom structures,
logs and debris, or because of storms, flood events and other occurrences. While lost fishing gear is
most commonly associated with marine fisheries, river set-nets are also lost. Salmon, other fishes,
seabirds, mammals and other animals may become entangled in derelict nets or entangle in_or ingest

monofilament fishing line. GiHlrets—r—particular—pese—a—problem—as—thenetsLost nets lying on the

seabed continue to entangle fish or other species long after they are lost or abandoned. Submerged

gillnets typically drift until they become entangled on submerged features or structures where they may
impact bottom-dwelling organisms (personal communication via e-mail from Jeffrey June, Natural
Resources Consultants, November 2002). Palsson reported recent investigations that suggest the direct
and indirect effects of lost fishing gear likely outweigh the negative effects that may occur from contact
with bottom habitat or the incidental entanglement of fishes, mammals or birds during actual fisheries
(personal communication from Wayne Palsson, Washington Department of Fish and Wildlife,
November 2002).
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All types of abandoned, lost and discarded fishing gear can present safety, liability, nuisance and

environmental impact issues in marine waters. Identification, location and safe removal of derelict

fishing gear can reduce these impacts. The Northwest Straits Commission (NWSC) recently teamed

with the National Oceanic and Atmospheric Administration (NOAA) to address the issue of derelict

fishing gear in north Puget Sound and the Strait of Juan de Fuca. The result of this project is a

comprehensive program to safely remove derelict fishing gear from the marine environment in an

environmentally-acceptable manner. The Washington Department of Fish and Wildlife has recently

published quidelines for derelict fishing gear removal in Washington marine waters based on the
NOAA/NWSC project.

In 2004, the Greystone Foundation provided funding to the Northwest Straits Foundation to conduct

derelict fishing gear removal in the Strait of Juan de Fuca and the San Juan Islands. Natural Resources

Consultants, Inc. was contracted to manage the derelict fishing gear removal project. The removal

operations were coordinated with the Washington Department of Fish and Wildlife, Clallam County,

San Juan County, tribal governments, and the U.S. Fish and Wildlife Service's Northwest Refuge

Program.

This project focused on the removal of derelict nets and crab pots in Port Angeles, Dungeness Bay,

Sequim Bay, and off Lopez Island. The removal project was divided into two phases with Phase 1

targeting derelict crab pots detected during a sidescan sonar survey in late June/early July 2003, in Port

Angeles, Dungeness Bay and Sequim Bay. Phase 2 operations targeted derelict nets detected in January

2004, by commercial sea urchin and sea cucumber divers off the south end of Lopez Island. Natural

Resource Consultants is beginning to remove derelict gear in other Puget Sound areas as well, using the
protocols developed with the NWSC (Seattle Times 2004).

A total of 65 crab pots, two crab rings, 1 octopus tire trap, 45 gillnets, and one purse seine net was

removed in this project. The total area covered by all of the nets removed was calculated to be 526,000

square feet, or about 12.1 acres. However, this is likely an overestimate of the actual seabed area

impacted since in_many cases the nets were overlapping one another. The removed nets weighed

approximately 5,000 Ibs. The derelict gillnets encountered were generally still capable of entanglement

and mortality of marine mammals, seabirds, fish and invertebrates, and likely presented a hazard to

divers and vessel navigation. In the 46 nets encountered, 23 dead and 2 live but entangled fish

(including 2 dead salmonids) were recorded from the recovered nets. Divers reported few, if any,

rockfish visible in the areas with nets, contrasting to adjacent areas without nets where a greater

number and diversity of fish and invertebrates were observed. These results are too recent (April 5,
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2004) for rigorous estimates of cumulative impacts to populations of fish and benthic organisms to be

available.

Of the 41 nets removed from the seabed off Lopez Island, 25 (61%) appeared to be qgillnets lost

relatively recently (within the past several years), evidenced by a general lack of biological growth and

the overall condition and strength of the netting material. The other 16 nets appeared much older, were

heavily over-grown, and generally appeared to have been submerged for some extended time. Divers

reported that 27 of the 41 nets removed (66%) had at least some portion of the net surface in

suspension in the water column, either due to entanglement with high-relief rocky substrate or due to

drifting free off a pinnacle or reef edge. The other 14 nets were lying relatively flat against the seabed

without suspensions.

Of the 41 nets removed, 29 (71%) were removed from high-relief rocky substrate compared with 12

nets (29%) removed from low-relief rock, sand or gravel substrate. Generally, newer nets, with

suspension, on high-relief rocky bottom (18 nets met this subjective criteria) were found to have a

greater diversity of species (11 species groups) and number of individual animals entangled and killed

(45) than older nets, lying prone on low-relief rocky substrate (5 nets with 2 species and 2 animals).

However, the sample size and methodology employed did not allow for statistical testing of this

observation. Divers reported that most of the derelict nets were blocking access to important habitat

features such as reef ledges and spaces under and around boulders.

Hook and Line Angling and Effects of Stream Wading
Anglers frequently lose terminal tackle in river salmon and steelhead fisheries when their weights
become stuck or tangled. Because many artificial baits used in these fisheries are buoyant, they float

above bottom where they may continue to attract (and hook) fish.

Trampling of spawning redds during stream wading has the potential to cause high mortality of
salmonids. Most information on redd disturbance is anecdotal; however, one study observed 46 to 49
percent mortality of alevins with only one or two passes by wading anglers per day. The extent or

cumulative effect of this type of damage is not known (Roberts and White 1992).

Studies in Alaska and New Zealand have found that in shallow water where boat use is frequent,
developing salmon eggs and alevins in the gravel can suffer high mortalities (Horton 1994; Sutherland
and Ogle 1975). Fishery managers sometimes try to ameliorate these potential effects by closing
important spawning reaches to boating or wading (Pacific Fisheries Management Council 1999,

Appendix A). Ongoing studies on Alaska’s Kenai River (where angler trips exceed 300,000 per year)
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have focused on the impact of boats and shore anglers on key riparian rearing habitat for juvenile
chinook. The studies have found a relationship between shore angler use, a decrease in riparian plant
diversity, and bank erosion. The same studies have also found an increase in bank erosion in those

areas of the river with high power boat use (King 2002).
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Section 3 — Affected Environment

3.3.6  Marine-Derived Nutrients from Salmon Spawners

Pacific salmon accumulate almost all of their body mass while in the marine environment (Groot and
Margolis 1991). When they return to the streams where they were born, to spawn, adult salmon deliver
a substantial quantity of marine-derived nutrients to freshwater and terrestrial ecosystems;. This
provides as-a direct food source for juvenile-er and resident salmonids, aquaticand invertebrates, and
terrestrial animals, and as-their decomposition supplies basic nutrients to the ecosystem (Larkin and
Slaney 1996; Gresh et al. 2000; Murota 2002; and Wipfli et al. 1998).

Stream biological communities incorporate salmon-derived nutrients through three primary pathways:
1) animals and other organisms consume plants, insects and other primary producers that directly feed
on or derive nutrients from salmon carcasses and eggs; 2) bacteria, algae and other streambed
microfauna consume dissolved organic matter released by salmon carcasses; and 3) animals, juvenile
fish, insects and other organisms directly consume salmon carcasses, eggs and fry (Cederholm et al.
1999; and Bilby et al. 1998). High flow_or predation, and scavenging by birds and mammals
(Cederholm et al. 1989; and Ben-David et al. 1998) ean-deliver salmon-derived nutrients to areas
adjacent to and upland from streams in which salmon spawn (Cederholm et al. 2000; Garten 1993;
Wilson and Halupka 1995; Helfield and Naiman 2001; Hocking and Reimchen 2002; and Reimchen et
al. 20032).

Nutrient recycling by salmon is particularly important in nutrient-limited river and lake systems in the
Pacific Northwest. Addition of nutrients to freshwater systems;-in-theform-of carcasses-or-inorganic
fertilizer; can influence biological community structure and increase stream productivity at several
levels of the freshwater food chain (Kline et al. 1990; Piorkowski 1995; —-and-Quamme and Slaney

2002;_Stockner 2003). Addition of nitrogen and phosphorous during lake enrichment programs has

elevated primary production and increased rearing capacity, for juvenile sockeye salmon in lake
systems (Hyatt and Stockner 1985; Johnston et al. 1990; Kyle et al. 1997; and Bradford et al. 2000). In

river systems, biological benefits of nutrient recycling may also include increased growth and density

of juvenile salmonid populations (Johnston et al. 1990; Bradford et al. 2000; and Ward and Slaney
2002). In turn, increased fish size may result in higher survival of juvenile coho salmon (Bell 2001;
Brakensiek 2002; Hartman and Scrivener 1990; Johnston et al. 1990; Quinn and Peterson 1996; and
Holtby 1988) and steelhead (Ward and Slaney 1988; Hager and Noble 1976; and Bilton et al. 1982).

Preliminary results of research being conducted in Idaho on stream-type chinook suggest that carrying

capacity is better correlated to nutrient loading from the parent generation than to physical measures of
habitat (Achord et al. 2003).
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The response observed in Keogh River, British Columbia, experiments (Slaney et al. 2003; Ward et al.

2003; Wilson 2003), and Snow/Salmon Creek chum/coho interactions show that modest increases in

nutrient levels exert a strong influence on the production of some species of stream-rearing anadromous

salmonids.

Emergent chinook fry may feed directly on the carcasses of late-spawning chum and steelhead, but the

benefits of marine-derived nutrients for juvenile chinook salmon may be more fully realized in

estuaries (Simenstad 1997), where most chinook rear for a critical period prior to migrating seaward.

However, little is currently known about the roles of marine-derived nutrients in estuaries. In some

instances, the eutrophication of estuaries associated with surface water runoff is negatively affecting

fish habitat and survival. The influence of additional marine-derived nutrients on these systems is

uncertain.

Each watershed needs to be examined to determine the temporal and spatial aspects of spawner and

juvenile fish distribution. The same can be said for the direct benefits spawning salmon provide to birds

and terrestrial mammals. All of these factors must be evaluated in order to understand likely pathways

of consumption. It is also necessary to understand the mechanisms of nutrient storage and release, as

well as other biotic and physical factors that affect survival. Storage within the epilithic layer, storage

within plants that access hyporheic zone nutrients, and other sites of nutrient storage and release must

be understood in order to maintain ecosystem health. High stream flow during the incubation period is

significantly correlated with egg-to-smolt survival in the Skagit River and Cedar River (Seiler et al

1999). Also, degraded stream and estuarine rearing habitat reduces smolt survival in many Puget Sound
systems (Stillaguamish Technical Advisory Group 2000; WDFW and Puyallup Tribe 2000).

Salmon carcasses and eggs have been shown to be an important food source for sockeye salmon,

steelhead trout, cutthroat trout and coho salmon; and appear to benefit stream-resident chinook (Bilby
et al. 1996; Gustafson and Winans 1999: Helfield and Naiman 2001; Kline et al. 1990; Michael 2004;

Piorkowski 1995: and Winter et al. 2000); and may play a critical role when other food items are less

available. Bull trout are known to be significant predators of salmon carcasses and eqgs in many Puget

Sound streams. It has also been shown that terrestrial mammals and birds, such as bears (Hildebrand et

al. 1999) and bald eagles, receive direct benefits from salmon carcasses (Cederholm et al. 1989). More

than 138 species have been documented as having a direct or indirect dependence on spawning salmon

or gametes (Cederholm et al. 2000).

Direct consumption of salmon carcasses and nutrient contribution is dependent on their retention time

in streams, and so may vary annually due to the intensity of water flow, the size of river systems, type
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Section 3 — Affected Environment

of habitat, amount of large-woody debris in the river, and the species of salmon (Cederholm and
Peterson 1985; Cederholm et al. 1989; Glock et al. 1980; and Michael 1995).

Spatial and temporal variations in presence of carcasses also affect their level of benefit to other

species. Benefits to juvenile steelhead and coho documented by Bilby et al. (1998) were provided by

spawning coho in headwater streams. These benefits would not be delivered by lower-river spawning

pink, chum, or chinook. However, stream-type chinook"', as more headwater oriented spawners, could

play a role similar to coho spawners in the delivery of nutrients to upstream areas. On the other hand,

benefits provided by ocean-type spawning chinook could also be provided by pink salmon, since the

two species spawn at essentially the same time in many of the same areas.

Further, a run of fish that spawns after bears enter hibernation, or do not reach the area where bears

live, would not contribute to bear diet regardless of carcass abundance. Similarly, wintering bald

eagles, which typically arrive in November, would not make use of carcasses available in September.

marihe-derived—nutrientsThe degree of importance of marine-derived nutrients across different

freshwater systems —Fhese-are-dependentdepends on the characteristics of the freshwater river systems
themselves. For example, Bilby et al. (1996) stress the importance of chemical absorption of nutrients
in headwater streams in the Pacific Northwest, typically preferred for spawning by adult coho salmon
(Sandercock 1991), where primary production is limited during winter due to cold temperatures, low
light levels, and frequent scouring by high flow events. On the other hand, Piorkowski (1995) found
that although salmon carcasses and eggs were an important food source for salmon and trout juveniles,
consumption by plants, insects and other primary producers was insignificant. He attributed the

differences between his findings and others to 1) the size of the stream relative to the size of the salmon

VI The majority of Puget Sound chinook salmon are ocean-type chinook, migrating to marine water soon after

emergence.
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Section 3 — Affected Environment

run; and 2) the intensity of precipitation that flushed nutrients from the system. Therefore, although
research to-date provides evidence of the role of salmon-derived nutrients in ecosystem function, this

complex relationship remains poorly understood.

Research on salmon and marine-derived nutrients frequently implies that current harvest management
strategies risk further decline or prevent recovery of salmon populations (Michael 1995 and 1998).
Specifically, this research implies that spawning escapements realized under current harvest objectives
are inadequate to provide the nutrient input necessary for ecosystem function. Many studies assert that
declining salmon abundance and escapement currently exacerbate nutrient limitation in many systems.
Gresh et al. (2000) estimated that the current contribution of marine-derived nutrients from adult
Pacific salmon to rivers in the Pacific Northwest is as low as 6 to 7 percent of historic levels, and that
the resulting nutrient deficit could be exacerbating continued declines in salmon abundance or

impeding recovery.

In many river systems throughout the Pacific Northwest, returns of chum and pink salmon comprise the

majority of spawner biomass. These species typically spawn in the lower portion of stream and river

systems, implying that chum and pink salmon contribute substantial inputs of marine-derived nutrients

to environments used by ocean-type juvenile chinook salmon. However, analyses of the Skagit system

have not demonstrated a causal relationship between the spawning escapement of pink, chum, or coho

salmon, and the size or abundance of coho or chinook salmon smolts (R. Hayman 1999). The strong

influence of incubation period flow on chinook smolt production (Seiler et al. 2003) indicates a limiting

effect on eqg or alevin survival, so their current productivity may not be nutrient-limited.

Harvest management planning objectives, and the implementation of annual fishing regimes, are
principal determinants of the levels of natural spawning escapement achieved for all salmon species,

and therefore influence nutrient loading in each system. However, chinook harvest management plans

only directly affect chinook escapement (not total population size or productivity), which even under

zero harvest is unlikely to provide more than 5 percent of the carcass nutrient loading when the

contribution of other salmon species is taken into account. Furthermore, with the huge increase in

spawning escapements of pink and chum in recent years, Puget Sound presents opportunities for in situ

observations of the effects of marine-derived nutrients on overall salmonid productivity. These

situations merit close monitoring to determine whether relationships can be quantified.research-has-hot
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Section 3 — Affected Environment

Mesocosm studies by Wipfli et al. (2003) showed a stream-rock-insect-fish system was capable of

absorbing at least 1.9 kg/m?2 (4.2 Ibs/1.2 yd?) of carcass biomass, with resultant increases in fish growth.

Bilby et al. (2001) found that the ability of coho juveniles to capture nitrogen delivered by spawning

coho increased with increasing coho carcass abundance up to an asymptote of about 0.004 pounds per

square foot, above which marine nutrients in juvenile coho salmon rapidly approached a saturation

level. For a small stream (approximately 15 feet wide), this would translate into about 190 4-kg coho

per linear Kilometer of stream (approximately 300 fish in a mile of the same stream). Based upon

spawner escapement data and research findings, the authors concluded that the majority of coho salmon

spawning streams in western Washington are well below capacity for incorporating nutrients delivered

by spawning coho into juvenile coho rearing in that stream. Fertilization experiments carried out on the

Keogh River loaded the system, in years when pinks spawned and fertilizer was added, with the

equivalent of about 0.63-kg/m® of carcasses (1.4 pounds/1.2 yd®). These values can serve as

benchmarks against which current biomass loadings can be compared.

From a purely scientific perspective, however, there are limitations to wide application of results from

this work (many of which the researchers acknowledge). First, study sites were purposely chosen to

meet the purposes of each study. For example, Bilby et al. (1996) only include areas with spawning

coho salmon and returns of no other anadromous salmonid species. This implies that results may only

be applicable in such areas, and raises questions whether marine nutrient dynamics would be similar in

systems with returning runs of multiple salmon species. The temporal distribution of spawning by

numerous species of salmon can mean prolonged input of marine-derived nutrients, which may be

more effectively incorporated within a system (due to nutrient flushing) at a lower density of spawners

for a given species.

Second, juvenile coho salmon alone are probably not an appropriate indicator for determining whether

productivity in a system is nutrient-limited (Simberloff 1998). Salmon-derived nutrients found in

juvenile coho salmon have been primarily attributed to direct consumption of salmon carcasses and

eggs. If this is indeed the primary mechanism for nutrient uptake, then juvenile coho salmon are less

revealing of other pathways for incorporation and trophic distribution of marine-derived nutrients

within a system.

Third, uncertainty remains as to whether increasing the input of salmon-derived nutrients to river

systems will subsequently result in higher returns of adult salmon.

Overall, the role of salmon-derived nutrients in ecosystem function isNutrient-dynamics—in—aguatic
systems—are complex (Northcote 1988; Polis et al. 1997; Bisson and Bilby 1998; Murphy 1998; and
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Naiman et al. 2000), and depend on numerous site-specific factors including the species of salmon,
spawning density and location, stream discharge regimes, stream habitat complexity, basin geology,
light, temperature and community structure. In particular, the role of adult chinook in this regard must
be examined in the context of 1) the limitations of current research, and 2) chinook life history and
abundance (i.e., escapement) relative to the much higher escapement of coho, pink, and chum salmon

in the large river systems that support chinook populations._At the time of this writing, there is no

published research that quantifies the relationship between marine-derived nutrients and the

productivity of ocean-type chinook salmon, the primary life-history type for Puget Sound chinook.

Ocean-type chinook exhibit relatively short freshwater residence compared to coho, sockeye and

steelhead salmon. The latter species are the focus of most marine-derived nutrients studies. It is not

known whether newly-emerged chinook salmon fry actively feed on chum and steelhead salmon

carcasses and eqgs, or if carcasses of other species are retained for a sufficient period of time to enable

their direct consumption, especially in large river systems with peak winter flow events, although it is

possible.

The relative contribution by adult returns of all salmon species must be evaluated in terms of benefits

to salmon and other animal populations, as well as to overall ecosystem function. For direct application

in salmon harvest management, it is important to consider the temporal and spatial distribution of

salmon spawners, as well as other physical, biological and environmental variables, on a stream-

specific_basis in order to determine the optimal density of carcasses by species. Recent high

escapements of pink, coho and chum salmon afford managers and researchers abundant opportunities

to pursue these investigations.
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3.3.7  Selectivity on Biological Characteristics of Salmon

The transfer from parents to offspring (inheritance) of certain biological traits such as age at maturity,
growth rate, and the effect of these traits on each other has been extensively researched and
documented (Clark and Blackbird 1994; Donaldson and Menasveta 1961; Hankin 1993; Hankin et al.
1993; Hard et al. 1985; Heath et al. 1994a; and Silverstein et al. 1998). Under certain circumstances,
fishing may influence the biological traits of salmon that return to spawn, and thus the traits that are
conveyed to their offspring. The potential long-term effects of selective fishing may be two-fold. First,
possible reductions in the long-term yield of the fishery (Ricker 1976) and smaller fish size could erode
the economic viability of the fishery. In other words, fishermen would have to increase catch to
maintain the same level of income (assuming other economic factors remain relatively stable).
Researchers have found that total yields in mixed-stock ocean fisheries may be considerably less than
those that could be achieved if populations could be managed and harvested separately (Ricker 1958;
Henry 1972; Ricker 1976; and Hilborn 1985). Second, selective fishing may affect the diversity of size,
age and sex ratio in the salmon escapement. Diversity in biological traits is necessary if populations are
to respond successfully to changing environmental conditions. For example, numerous studies have
emphasized the possible importance of large size in naturally-spawning populations of chinook salmon
for mate choice and reproductive success (Baxter 1991; Berejikian et al. 2000; Healey 2001; Healey
and Heard 1984; and Silverstein and Hershberger 1992). Since the second issue is the basis for the first,

it is the focus of this discussion.

Selective fishing is defined in this subsection, and the potential consequences of selective fishing are
explored. Generally, a fishery is characterized as selective whenever fish with particular characteristics
are caught more frequently than they occur in the population at large. Salmon fisheries may be size- or

age- selective within stocks, stock-selective, or species-selective."™

vl Indirect sex-selectivity may result due to different size distributions and age structures between male and
female chinook. In general, males mature at a younger average age than females (Groot and Margolis 1991).
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Size-Selective Fisheries

Size-selective fisheries catch fish within a certain size range at a greater rate than smaller or larger fish.
For example, ocean commercial and recreational fisheries typically have minimum size limits, thereby
potentially generating greater exploitation rates on larger and older fish than on younger and smaller
fish. Terminal gillnet fisheries may select for fish that are within an intermediate size range because the
size of the net mesh is set to target the size range that characterizes the runs or general size of the target
species. Often, such terminal gillnet fisheries represent age-selective fishing because fish of a certain
age generally fall within a certain size range. For example, in California's Klamath River, the gillnet
fishery uses mesh size that predominantly catches Age-4 fish; most Age-3 and Age-2 fish pass through

the nets, whereas many Age-5 fish are too large to be caught by gillnets.

The “theory of a fishery,” as first advanced by Baranov (1918; see Ricker 1978), proposes that the
direct cumulative effect of removing larger and older fish may be to shift the distribution of a
reproducing fish population toward smaller, younger (Hankin and Healey 1986) and slower-growing
fish. For example, in ocean fisheries for chinook salmon, minimum commercial size limits typically
mean that only a fraction of the Age-3 adults from a given stock are vulnerable to commercial capture.
If those Age-3 fish that are above the legal size limit were genetically programmed fast-growing fish,
then one might conclude that selective fisheries would be generating long-term selection for reduced

growth rates.

Possible fishery-induced selection for reduced growth rates may be complicated, however, by several
factors in chinook salmon fisheries. First, the actual size that a salmon reaches at a particular age may
not be highly correlated with a genetically determined growth rate for several reasons. The realized
size of a fish at a given age must reflect unknown interactions between inherent growth rate, variability
in supply and quality of food, and variability in environment (especially water temperature). Because
of this variability, actual size at age may not, in general, be highly correlated with the underlying

genetically controlled growth rate.

Second, long-term genetic selection due to size-selective fisheries may be stronger for reduced age at
maturity than for growth rate"". If age at maturity has a heritable component, older-aged parents will
tend to produce progeny that mature at older ages, whereas younger-aged parents will produce progeny
that mature at younger ages. Therefore, if younger-aged salmon spawned randomly on the spawning

grounds, then size-selective fisheries for larger, older chinook might select for earlier age at maturity.

Vil If the heritable component for age is larger than the heritable component for growth rate.
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Third, for chinook salmon, there is substantial evidence that age at maturity depends in part on size at
age (see Hankin et al. 1993 and references therein). For a fixed age, say Age-2, fish that are smaller are
less likely to mature at that age than are fish that are larger.™ Through this interaction between size at
age and maturity, removal of fish that are larger at age might instead select for fish that mature at later
ages,” counteracting the effects described in the previous paragraph. This effect probably becomes less

pronounced at older ages.

Finally, spawning behavior of naturally-spawning chinook salmon may, to some extent, alleviate the
kind of long-term genetic shift toward younger age at maturity that might be expected to result from
size-selective fisheries. Baxter (1991) found that larger and older chinook salmon, especially males,
had greater reproductive success on spawning grounds than younger and smaller males. (also argued by
Healey 1986). Thus, even if size-selective fisheries generated substantial shifts toward younger
spawners, the greater reproductive success of larger and older males might at least partially buffer
against such fishery-induced shifts to younger ages. In summary, a long-term shift to younger spawners
may result 1) if chinook salmon mate randomly, without regard to age, on spawning grounds, and 2) if
age at maturity is independent of growth rate. However, 3) larger and older male chinook salmon (and
possibly females) generally have greater mating success than smaller and younger male chinook
salmon (and possibly females); 4) fast-growing chinook salmon tend to mature at younger ages than
slow-growing chinook salmon, but are likely to be selected against in size-selective ocean fisheries;
and 5) size at age may have only a weak correlation with some inherent genetically _inherited growth
rate. Together, items 3) through 5) may counteract the kinds of long-term genetic effects that one might

expect if items 1) and 2) were valid.

Hard (2004) used age-structured quantitative genetic models to assess the possible long-term
evolutionary effects of size-selective fishing on chinook salmon. Based on genetic data from one Puget
Sound population, Hard concluded that under most conditions, directional selection imposed by size-
selective fishing is likely to produce, at most, modest short-term reductions in size, but the effects
depend critically on the harvest rate, harvest size threshold, the strength of stabilizing natural selection
on size, and most likely the age structure and heritability of each trait, as well. He also found that the
capacity of size-selective fishing to reduce size depends on correlations among size, age and growth

rate.

This may be less true at older ages.

*However, this will depend on the relationship between growth rate and age at maturity.
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Stock-Selective fisheries

Stock-selective fisheries harvest some populations at different rates than other populations. They may
occur in two ways. In marine waters, a large number of salmon populations originating from different
river basins may be vulnerable to fishing at similar times and locations, and may therefore experience
similar marine exploitation rates. This phenomenon is commonly referred to as the mixed-stock harvest
problem (see, for example, Bevan 1987). To avoid overexploiting vulnerable populations, harvest
policies would instead call for application of stock-specific exploitation rates that depend on the
underlying stock productivity, which varies among salmon stocks. Fisheries are deliberately structured

to be stock-selective by shaping the time, location or physical attributes of fish that may be caught.

Stock-selective fisheries may also take place in fresh water as a consequence of regulations. For
example, in a large river system with a large number of distinct chinook salmon stocks, each with its
own distinct river entry pattern, open and closed periods for fisheries may result in differential
exploitation rates being applied to different stocks. If harvest is not allowed until a substantial number
of fish have escaped to spawn, then it seems inevitable that exploitation rates are lower for those stocks
that enter earlier as compared to those stocks that enter when fisheries are open. In that case, the
fishery-related mortality rate would be much lower for fish in the early part of the run than for fish in
the late part of the run. Because run timing is thought to be an inherited trait, such fishery harvest
policy may, in the long term, unintentionally select for early-returning fish (see Nicholas and Hankin

1988 for examples of this phenomenon in a hatchery setting).

Other examples of stock-selective fisheries for salmon are those that call for the release of all fish
caught without an identifying mark (e.g., intact adipose fins), while a certain number (specified by bag
or possession limits) of fish with marks may be retained. These policies are deliberately designed to
produce, at least in theory, greater exploitation rates for hatchery fish (marked) than for wild fish

(unmarked).

Species-Selective Fisheries

Finally, fisheries may also be species-selective as, for example, results when chinook salmon must be
released if caught, whereas coho salmon may be retained. Harvest managers have implemented stock-

and species-selective fisheries in Puget Sound. There are currently recreational mark-selective fisheries

for chinook salmon in the Strait of Juan de Fuca and limited areas of the Snohomish River .

Selective Effects of Fishing in Puget Sound

Although the potential consequences of size-selective fishing have been recognized, the ability of

fisheries managers to address the potential long-term consequences is limited. In part, this is because
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much of the evidence for selective effects of fishing (e.g., change in the size or age composition of
catch or spawners) is circumstantial, and is confounded by other factors such as data quality and
several ecological variables, including marine productivity, density-dependent growth and mate choice
on the spawning grounds (Heath et al. 1999; Ricker 1972; Riddell 1986; Ricker 1995; and Hard 2004).
For example, Bigler et al. (1996) found a decreasing average body size in 45 of 47 salmon populations
in the Northern Pacific. They found that body size was inversely related to population abundance, and
speculated that enhancement programs during the 1980s and 1990s increased population sizes but
reduced growth rates due to competition for food in the ocean. Clearly, these kinds of causes could
result in the same kinds of reductions in size at age as might be caused by long-term fishery selection

against fast-growing fish.

In addition, the magnitude of selective effects will vary depending on the intensity of selective-fishing
on a particular salmon population, the period of time over which those effects are encountered, and the
biological characteristics of the population itself (Heath et al. 1994b; and Hard 2004). Hard (2004)
predicted that, in general, reducing the exploitation rate reduces the selection intensity, and that
changes in life history traits under most of the harvest scenarios he examined were modest, at best, over
a few generations. His study of chinook salmon returning to the Grover’s Creek Hatchery in Puget
Sound predicted that effeets-fishing is likely to reduce en-age, weight, growth rate, and lead to earlier
spawn timing are-likelyto—inerease-under higher exploitation rates and intensity of natural selection.

Under selective conditions most likely to exist, expected effects on these traits over 25 years were low
to undetectable below exploitation rates of 40 percent. The greatest expected effects were on length at
age and mean weight, which declined by 0.12 to 0.28 of an inch and less than 7 ounces, respectively,

over this period.”

Information on the effects of fishery selectivity on Puget Sound chinook salmon is very limited. The
National Marine Fisheries Service (NMFS) found a decline in the size of Puget Sound coho spawners
since the 1970s, and noted it as a risk factor (Weitkamp et al. 1995). However, in its review of west
coast chinook salmon populations (Myers et al. 1998), NMFS did not note any trends in recent decades

for size, weight, or age for Puget Sound chinook salmon that might be the result of fishing activities.

The lack of an observed selective-fishing effect may be the result of the way Puget Sound fisheries are

structured. Puget Sound salmon fisheries, including those harvesting chinook salmon, are managed for

X These effects assumed harvest rates between 50 and 70 percent and strong stabilizing natural selection on size.
One should be cautious in applying these results widely since the study was limited to a single, hatchery
population and effects of selection will depend on the characteristics of the individual population. However, it
does provide some basis for comparison.
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Section 3 — Affected Environment

stock-specific exploitation rates that depend on the underlying productivity of each population. In other
words, fisheries are managed to protect the less abundant, or weaker, populations. Such an approach is
commonly referred to as weak stock management, and often results in foregoing catch on abundant
populations in order to protect less abundant populations. In most areas, Puget Sound chinook salmon
harvest generally occurs throughout their run timing. In a few areas, harvest may be focused on the
early or late part of the chinook salmon run in order to protect the majority of the population while
allowing some harvest on other salmon species that occur earlier or later in timing. However, this
would generally affect 10 percent or less of the population on either end of its run timing, depending on

the specifics of the annual fishing regime.

With regard to the potential age-selectivity of gear types, Puget Sound gillnet fisheries do not appear to
be any more age-selective for chinook than gear types like purse seines that use small mesh and are
thus considered to be relatively non-selective (Table 3.3.7-1 and Figure 3.3.7-1). Ricker (1980, 1981,
1995) documented a decline in the average weight of Puget Sound chinook salmon caught between the
1950s and 1970s, which stabilized at a lower level in the 1980s. However, his analysis was not
population specific and was conducted on mixed-stock fishery data which included populations
returning both to Canada and Puget Sound. Based on the Puget Sound population-specific data that are
available, there are no trends in age structure observed in Puget Sound chinook salmon escapement
over the last 24 to 30 years (including the period observed by Ricker) that one might expect if there

were fishing-down effects™ (Figure 3.3.7-2). In addition, the mean age of escapement differs from that

in the catch by only 0.3 year (15 to 16 weeks) over the same period.

*i Although it is possible that shifts in age structure caused by fishing activities occurred before the time period
for which these are data, any trends from that time do not appear to have continued.
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Table 3.3.7-1. Average age composition of the Puget Sound chinook salmon catch by gear type.

Gear Type Age composition of Puget Sound chinook salmon catch (1980-2000)
Age-2 Age-3 Age-4 Age-5
Gillnet 3% 34% 59% 5%
Purse seine % 37% 54% 4%
All gear types 3% 35% 56% 6%

Source: Washington Department of Fish and Wildlife.

Figure 3.3.7-1. Age composition of Puget Sound chinook salmon catch: relatively stable since 1980.
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Washington Department of Fish and Wildlife, 2001.
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Figure 3.3.7-2. Age composition of Puget Sound chinook salmon escapement: stable since the 1970s.

Average Age in Puget Sound Chinook Natural Escapement

Average age (years)
w
o

o
o
L

2 . 0 T T T T T T
P I\ T AP S-S T < B AR - e C RS T AR BN
NN AN B R N R AR AN AN LN SN RN AN AN N

Calendar Year

‘— = Lower Skagit —&— Skykomish == = NF Stillaguamish =—=—Green River

Source: Puget Sound Technical Recovery Team data.

Anabysisnotyet-Complete

The analysis described above examined whether there had been any detectable changes in age
composition of Puget Sound chinook salmon. NMFS-is-eurrently—econdueting also conducted analyses
to determine whether there are-were detectable changes in size at a specific age and sex of Puget Sound
chinook salmon and, if so, whether they might be attributable to fishing effects. That is, although there
might not be a change in the age composition, fish of the same age could be getting smaller or larger

xiii

over time .

it While these analyses were not available for inclusion in the Draft Environmental Impact Statement,
NMES indicated at the time that the Draft Environmental Impact Statement was provided for public
review and comment that the analyses would be completed and included in the Final Environmental
Impact Statement. NMFS included in the Draft Environmental Impact Statement a brief description of
the analysis so the public had the opportunity to comment on the approach that NMFS was taking.
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Section 3 — Affected Environment

in this subsection, diversity in both age and size are important so that populations can respond

successfully to changing environmental conditions. For example, larger females may be able to bury
their eggs more deeply, thereby protecting them from washing away in high water flow conditions. On
the other hand, smaller body size may allow some adults to return to successfully reproduce in drought
years when larger adults become stranded or are more vulnerable to predators under low water flow

conditions.

In conducting its analyses, NMFS examined whether there was a difference in size at age between
Puget Sound chinook salmon caught in the fishery and those that spawn. NMFS focused its analyses on
a subset of Puget Sound chinook salmon populations for which sufficient information was available

and that represented some diversity in life history (spring and fall run types), geographic distribution

and fishing intensity. NMFS is—also limited its analysis to terminal in-river net andreereational

fisheries™" for which data were available so that-iis the analyses were not confounded by the catch of

immature fish that commonly occurs in marine fisheries. While NMFS is aware that marine fisheries
may also be selective through the use of size limits or selective gear, the analyses shewld-were intended
to narrow the number of environmental factors that might account for a change in size at age detected
in the analysis. To do this, the analyses should evaluate adults experiencing as similar an environment

as possible. Otherwise, it would not be possible to determine whether a change in size at age from

analyses that included immature fish was due to a change in the size of returning adults of a particular
age, or due to differences in growth rates from fish that matured at a given age versus those that would
have grown and matured at an older age. While fisheries may act to affect either size directly or growth
rate (see earlier discussion), these analyses are intended to examine the direct effect of fisheries on size.
Although we can theoretically explore the effects of fisheries on growth rate (Hard 2004), it is not
technically feasible with the tools and data available at this time to directly assess the effects of Puget

Sound fisheries on growth rate.

To assess possible change in size at age of Puget Sound chinook salmon, the analyses wil-bewere
broken into twe-three steps. —First—fFor a selected group of Puget Sound chinook salmon populations:
1) NMFS will-compared the average size at age and sex of coded-wire tagged fish recovered in the
terminal net fishery with those recovered in the hatchery escapement during the period—+986-2000

1975-2001: 2) size at age and sex information collected from naturally spawning adults was compared

*V These fisheries intercept fish returning to a single river system; the one in which the fishery occurs.

Puget Sound Chinook Harvest 3-102 December 2004
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with results obtained from the first step for returning hatchery adults; and, 3) analysis was conducted to

see whether the magnitude of change in size could be linked to effects of the terminal fishery. As seen

from Table 3.3.7-2, total exploitation rates for these populations have generally decreased over time.

Terminal fishery rates have remained relatively stable or increased over the same time period,

indicating that terminal harvest accounts for a greater proportion of the harvest related mortality in

recent years. The Green River, Skokomish, Nisqually and Samish populations have moderate to high

terminal and total exploitation rates while terminal exploitation rates on the Nooksack and Skagit

spring populations are low. Total exploitation rates for the Skagit spring chinook are moderate.

Table 3.3.7-2. Characteristics of populations chosen for size at age analyses.

Average Exploitation Rate

Population Location Life History Type Time Period Total Terminal
Green River Central Puget Sound | Fall 1983-2000 56% 19%
1983-1986 64% 19%
1998-2000 36% 21%
Skokomish Hood Canal Fall 1983-2000 60% 18%
1983-1986 2% 23%
1998-2000 36% 1%
Nisqually South Puget Sound Fall 1983-2000 86% 41%
1983-1986 84% 21%
1998-2000 75% 53%
Nooksack North Puget Sound Spring 1983-2000 31% 2%
1983-1986 3% 3%
1998-2000 16% 2%
Samish North Puget Sound Fall 1983-2000 76% 36%
1983-1986 80% 30%
1998-2000 66% 47%
Skagit North Puget Sound Spring 1983-2000 50% 1%
1983-1986 60% 0%
1998-2000 26% 1%
Source: Larrie Lavoy, Washington Department of Fish and Wildlife, May 20, 2000.
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Section 3 — Affected Environment

Gillnets are the primary fishing gear used in terminal net fisheries. Because of the size of the mesh size

used in the nets, three- and four-year-old fish comprise the majority of the fish caught in the terminal

fisheries (Figure 3.3.7-1). Therefore, if fisheries are exerting a significant effect on size at age, it would

most likely be observed for these ages. Some caution is warranted in the use of the results since the

analyses are based on the best available data and not that which was collected under an experimental

design with the intent of examining changes of mean length over time

In the first step, the average size at age/sex of coded-wire tagged fish recovered in the terminal net

fishery was compared with those recovered in the hatchery escapement during the period 1975-2001

(Ryding and Reidinger 2004). FThese coded-wire tag fish are part of the Pacific Salmon Commission

indicator stock program which was implemented specifically to assess survival, distribution and

fishing-related mortality for Puget Sound Chinook salmon.-Fhis-will The use of coded-wire tagged fish

ensured that the analysis included only fish from the same population based on the unique coded-wire

tag code implanted into the fish prior to their release from the hatchery. Results of the length analysis

are presented in Table 3.3.7-3. Estimates are presented as the increase or decrease in the length of a fish

per year. Significant results should be treated with caution because, thus far, no adjustments were made

in the o-level to account for the number of tests in the analysis. The effect of this might be that

currently statistically significant results would not be significant. Therefore, this analysis will

overestimate the number of significant results.”"

Statistically significant trends in size-at-age were detected for at least one age for chinook returning to

all hatchery facilities except the Samish Hatchery. Except for four-year-old fish, there was no

consistent pattern in the trends of size-at-age, with trends being significantly different between males

and females, and trends in female size-at-age more often statistically significant than those of the

males. Where terminal abundance (catch plus escapement) was compared with escapement, the results

were generally similar. For the ages most likely to be affected by fisheries (three- and four-year-old

fish), all statistically significant trends in size-at-age in those populations with moderate to high

exploitation rates were decreasing. All trends in size-at-age for these populations for Age-4 males and

* The series of tests required to assess length trends across all stocks requires a downward adjustment to the
significance level under the original null hypothesis of no change in length over time. One method would be to
divide the o-level (0.05) by the number of tests (48), the “new” significance level (0.001) would indicate that
the trends for age-3 male Skagit, age-4 male Skokomish (escapement only), age-4 Nisqually and age-4 female

Green and Skokomish, fish would be significant. However, this is a highly conservative adjustment.
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Table 3.3.7-3. Changes in size-at-age and sex for selected Puget Sound chinook populations (significance level (P) = 0.10).

Life
History

Terminal
Exploitation|

Age 2

Ag

C

w

Aged

Age 5

Males

Females

Males

Fem

ales

Males

Females

Males

Hatchery

Type

Rate

Estimate

P-value

Estimate

P-value

Estimate

P-value

Estimate

P-value

Estimate

P-value

Estimate

P-value

Estimate

P-value

Green River

Fall

Moderate

-0.009

0.908

-0.081

0.561

-0.029 NSD

0.681

-0.124

0.001

-0.150 NSD

0.005

-0.106

0.148

-0.053 NSD

0.720

— Fishery
and

Escapement

Green River

Fall

Moderate

-0.006

0.938

-0.193

0.263

-0.016 NSD

0.819

-0.145

<0.001

-0.116 NSD

0.041

-0.151

0.031

-0.103 NSD

0.451

Escapement

jonly

Skokomish—

Fall

Moderate

0.131

0.482

-0.118

0.202

-0.032

0.732

-0.221

<0.001

-0.290 NSD

0.011

-0.051

0.566

-0.146 NSD

0.279

Fishery and

Escapement

Skokomish—

Fall

Moderate

0.175

0.337

-0.182

0.084

-0.039 NSD

0.714

-0.276

<0.001

-0.450 NSD

<0.001

0.025

0.079

0.007 NSD

0.974

Escapement

only

Nisqually —
Fishery and

Fall

Escapement

High

0.111

0.484

-0.289

0.050

-0.224 NSD

0.168

-0.276

<0.001

-0.442 NSD

<0.001

0.145

0.655

0.940 NSD

0.173

Nooksack—

Spring

Fishery and

Escapement

lLow

0.316

0.025

-1.150

0.416

0.326 NSD

0.327

-0.171

0.289

-0.471 NSD

0.113

0.300

0.315

-0.471 NSD

0.113

Samish—
Fishery and

Fall

Escapement]

0.201

0.239

-0.063

0.652

0.043NSD

0.501

-0.031

0.609

-0.075 NSD

0.357

0.009

0.969

0.025 NSD

0.964

Skagit—

Spring

Fishery and

Escapement

Low

0.591

0.202

0.541

<0.001

0.212

0.133

0.026 NSD

0.845

0.281

0.013

0.271 NSD

0.144

Notes: Significant results are shaded.

The abbreviation NSD signifies no significant difference between female and male length trends.

Source: K. E. Ryding and K.F. Reidinger, Washington Department of Fish and Wildlife, September, 2004
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Section 3 — Affected Environment

females were statistically significant and declining. Trends were also significant and declining for Age-

3 females for Skokomish River hatchery escapement and Nisqually River terminal abundance. For

three- and four-year-old fish in those populations with low terminal exploitation rates, only Skagit

spring three-year-old females was statistically significant and the trend were increasing.

Therefore, this step of the analysis indicates that there were significant trends in size-at-age and sex for
some Puget Sound chinook salmon populations, and shows some consistency with the expectation that
populations with high exploitation rates would show declining trends in size for ages most likely to be
affected by fishery selectivity. When populations with moderate to high terminal area exploitation rates

are compared with populations with low exploitation rates, the populations with higher exploitation
rates showed a consistent pattern of decreasing size-at-age for both male and female Age-4 chinook,

one of the two ages most likely to experience any selective effects. Declines ranged from 0.11 to 0.45

centimeters/year, or 0.55 to 2.5 centimeters per generation. Whether these changes are biologically

significant is unknown. Where significant, trends in Age-3 chinook were also declining. However, the
majority of size-at-age trends for Age-3 fish were not significant, regardless of fishing intensity.

On the other hand, other aspects of the results suggest factors other than fisheries are equally as likely:

1) the comparison between populations in moderate-high and low exploitation rate categories also

compared populations with different life histories, so the difference could be due to differences in

environmental conditions experienced by the different life history types; 2) the trends did not show

consistent contrasts between the ages most vulnerable to selective fishing effects and those ages that are

not, although this may have resulted from small numbers of samples for two- and five-year-old fish: 3)

the trends in Age-3 chinook which are also vulnerable to selective fishing effects were generally

insignificant regardless of fishing intensity; 4) the trends would also have reflected the result of

cumulative selective pressures of fisheries other than Puget Sound terminal net fisheries; 5) the trends

were not entirely consistent between high and low exploitation rate populations when total exploitation

rates are considered. While the terminal area exploitation rates were low for Skagit spring chinook, the

total exploitation rate was similar to those of the Green and Skokomish Rivers and the Samish River

showed no significant trends in size-at-age, although it is classified as a moderate to high exploitation

rate population.

Seeendlyln the second step of the analysis, NMES—will-use-size-at-age and sex information collected
from naturally-spawning adults te-was compared with results from the first step. Fo-the-extentpossible;

spawningnataralby—This aspect of the analyses was intended to compare adult spawners that spawn
naturally predueed-with the hatchery-based comparison of recovered coded-wire-tagged adults from

Puget Sound Chinook Harvest 3-106 December 2004
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Section 3 — Affected Environment

the same population. Originally, the analysis intended to separate hatchery-origin fish spawning

naturally from naturally-produced fish spawning naturally. However, hatchery-origin and natural-origin

spawners were not separated in the analysis because hatchery-origin adults contribute significantly to

natural escapement for many Puget Sound chinook populations, and are believed to contribute to

subsequent generations of naturally-produced chinook salmon. If size-at-age is a heritable trait, then all

spawners that contribute to subsequent generations of naturally-produced chinook salmon should be

included in the analysis. Since hatchery contribution to natural spawning is significant for most of the

populations in the analysis and the use of mark-selective fisheries for hatchery fish is limited, €-
Therefore—fisheries are theughtlikely to act in similar waysegually on the hatchery and natural

components of the populations so that there would not be a substantial difference in the response of the

hatchery and natural components. This step of the analyses will test this assumption.

The results of the analysis on the natural spawners by each population and age group are summarized

in Table 3.3.7-4. Only three of the six Puget Sound chinook salmon populations, including only one of

the four populations in the moderate-high exploitation rate category evaluated in step 1, had sufficient

data available to conduct the analysis. The trends in size-at-age were significant for five of the six

analyses conducted. The only significant decreasing trend was for Age-3 Nooksack spring chinook

spawners. For all but one (four-year-old Skagit spring chinook) of the six population/age groups

examined, the trends in size-at-age were not significantly different among males and females.

Table 3.3.7-4. Changes in size-at-age for selected Puget Sound chinook populations (significance level
(P) = 0.05). Significant results are shaded.

E%n Age 3 Age 4 Age 5
Population  [Life History Type Rate Estimate | P-value | Estimate | P-value | Estimate | P-value
Green Fall Moderate -0.025 [ 0.647 0.144 <0.001
Nooksack Spring Low -0.360 | 0.002 | 0.258 | <0.001
Skagit Spring Low 0.246 0.050 0.446 0.003

Source: B. Conrad, Northwest Indian Fisheries Commission, October 5, 2004.

Although limited, the results of these analyses did not indicate declining trends in size with higher

exploitation rates as might be expected. However, the increase in size-at-age for the Green River

population was less than the increases for the other two populations that fall into the low exploitation

rate_category. On the other hand. three-year-old Nooksack spring chinook (low exploitation rate)

showed a significant decreasing trend in size-at-age that is not seen in the Green River population

(moderate exploitation rate). Although the results are consistent across Age-4 natural spawners, 1) the

trends were increasing for both high and low exploitation rate populations; 2) the trend of size-at-age is

Puget Sound Chinook Harvest 3-107 December 2004
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Section 3 — Affected Environment

mixed among ages most likely to experience selective effects of fisheries; and 3) as in the step 1

analysis, the apparent differences in magnitude of change between the high and low exploitation rate

populations could be the result of difference in environmental effects on different life history strategies.

A comparison of results from step 1 (hatchery escapement and terminal abundance) and step 2 (natural

escapement) is summarized in Table 3.3.7-5. The results in steps 1 and 2 are consistent in direction and

significance of trends for only two of the six analyses that were compared, and the magnitude of

change was substantially different between the analyses that were similar. For example, the analysis of

naturally-spawning Skagit spring chinook indicated an increase in size-at-age almost 60 percent greater

than that in the analysis of hatchery escapement. Whereas the analysis of hatchery escapement and

terminal abundance consistently indicated significant declining trends in size-at-age for ages most

likely to be vulnerable to selective effects of fisheries, the statistically significant trends in the analysis

of natural escapement indicated primarily increasing trends in size-at-age for those ages. Although only

one population in the moderate-high exploitation rate category was included in the analysis of natural

escapement, that analysis indicated an increasing trend in size-at-age rather than a declining trend as

seen in the step 1 analysis, although the increase (0.6 centimeter/generation) was much less than for the

other two populations that fell into the low exploitation rate category. Both analyses indicated that

trends between male and female chinook spawners were similar.

The results of the analyses in step 2 seem to indicate that trends of size-at-age and sex between the

hatchery and naturally-spawning components are different (rejecting the original assumption). The

results also do not indicate that fisheries are affecting the naturally-spawning component of the
population in the ways that might be expected from the earlier discussion; i.e., declining size-at-age

with increasing exploitation. However, it is possible that the fishery has a dampening effect since the
increasing trend in size-at-age for the population with the moderate exploitation rate is substantially

less than those of the two populations with low exploitation rates. The differences in the two analyses

could reflect actual differences between trends in size-at-age in hatchery and naturally-spawning adult
chinook, differences in the sampling and data collection in the two environments. or differences in life

history.

Puget Sound Chinook Harvest 3-108 December 2004
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Table 3.3.7-5. Comparison of size-at-age analyses for hatchery and natural-spawning escapement
analysis for those population and age strata in common to both analyses.

Life History Terminal Hatchery Escapement Natural Escapement

Population Type Exploitation Rate | Ade | Estimate | P-value Estimate P-value

Green Fall Moderate 3 -0.193 0.263 -0.025 0.647

4 -0.145 <0.001 0.144 <0.001

Nooksack Spring Low 3 -1.150 0.416 -0.360 0.002
4 -0.171 0.289 0.258 <0.001

Skagit Spring Low 4 0.212 0.133 0.246 0.050

5 0.281 0.013 0.446 0.003

Source: B. Conrad, Northwest Indian Fisheries Commission, October 5, 2004; Ryding and Reidinger,
Washington Department of Fish and Wildlife, September 2004.

Note: Significant results are shaded.

From the discussion above, it is evident that analyses of observed trends alone cannot confirm that
harvest is primarily responsible for declines in size-at-age; therefore, an Finally; ifthere-isa-detectable

change-in-size-at-agefurther-analysis wastl-be conducted to see whether the magnitude of change in
size ean-could be linked to the intensity of the fishery. To do this, the populations—will-be-divided-into

exploitationrate were assessed using the models of Hard (2004) to determine to what extent fisheries

might be a factor where statistically significant patterns in size-at-age and sex were identified in the

first two steps._ Some key genetic and life history parameters were based on data obtained from the

Grovers Creek Hatchery chinook population, which may or may not be representative of the

populations in this analysis. However, it was the best available information for the purpose of this

modeling exercise. The model examined four possible scenarios: two levels of legal size threshold (50

and 70 centimeters), and two levels of natural selection intensity (strong and weak) on size (personal

communication with Jeff Hard, Research Fishery Biologist, Northwest Fisheries Science Center,

September 16, 2004). This step compares what the trends in size-at-age would be under different levels

of environmental and fishing conditions with the results in step 1 to see if the observed trends are

consistent with any of the scenarios. The same general conclusions with regard to increasing and

decreasing trends are equally applicable to results from step 2.

The results of the analyses of the populations under the four harvest scenarios are summarized in

Tables 3.3.7-6 through 3.3.7-9. There are two general cases where the expected trends are not

particularly informative: first, where the observed trend is increasing over time (the expected trend

under size-selective harvest involving directional selection toward smaller size is always predicted to

be decreasing if there is genetic and phenotypic variation for size); and second, where the decreasing
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expected trend is much larger than a decreasing observed trend (which implies the presence of one or

more strong environmental factors acting to increase mean size-at-age over time). In the first case,

expected trends from the model runs do nothing more than reflect the presence of a large positive

composite environmental effect acting to oppose fishing effects. The second case is most evident for

particular cases involving two- and three-year-old males (especially in the Green River and Skokomish

hatchery populations, but also in the Samish population) — fish that are less susceptible to harvest. The

model predicts a much more dramatic effect of harvest on size of these fish than was observed in any of

the populations, but it is likely that the largely insignificant positive trends observed in some of these

cases arise primarily from weak environmental factors favoring more rapid growth during the first year

at sea. For most of the other comparisons, the harvest model accounts for less than half the observed

declines in length under all scenarios.

In general, for those populations that exhibit declining trends, the harvest model can account for only a

modest fraction (<50%) of the trend when natural selection on length is weak and the size threshold is

relatively small (50 centimeters), and it appears to be somewhat larger in the Green River and

Skokomish hatchery populations. The fraction of the trend explained by the harvest model tends to

increase when the intensity of natural selection on size is high. It also increases, but to a lesser extent,

when the selection differential on size imposed by harvest (a function of the harvest rate and the

threshold size of harvestable fish) increases.

Collectively, the mixture of upward and downward observed trends and the fact that the expected

trends estimated by the harvest model generally explain only a modest fraction (<50%) of

corresponding observed trends suggest that environmental influences on the observed size trends are

large. For decreasing observed trends, these influences may include factors such as environmental

conditions that reduce growth and size, or artificial or domestication selection in the hatchery.

However, these influences also appear to vary considerably among the populations, pointing to the

possibility of marked population-environment interaction effects. For increasing observed trends, these

influences are likely to reflect environmental conditions that enhance growth and size that could result

from more favorable marine conditions, improvements in hatchery practices, reductions in harvest

intensity, changes in migration patterns, or other factors that affect growth and size. Unfortunately, it is

not possible from the present analysis to determine the directions or magnitudes of these environmental

effects for any particular population with confidence, because harvest and environmental effects on

orowth and size cannot be reliably discriminated.
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Section 3 — Affected Environment

Table 3.3.7-6. Observed trends in Puget Sound hatchery chinook salmon adult lengths (cm/year) and corresponding expected trends (cm/year) under

directional harvest selection (Ryding and Reidinger 2004). Model runs incorporated strong stabilizing selection on length (0o = 1c) and a

threshold for legal harvest of 50 cm.

| Age 2 Age 3 Age 4 Age 5
| Males Females Males Females Males Females Males
Run [Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected [ Observed | Expected
Hatchery | Type | Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend
Green. Fall -0.006™ | -0.053 | -0.193» [ -0.037 | -0.016" | -0.056 | -0.145" | -0.059 -0.116 -0.062 -0.151" -0.052 | -0.103s [ -0.048
River. (883.3) 19.2 (350.0) (40.7) (53.4) (34.4) (46.6)
Skokomish| Fall 0.175ns -0.088 -0.182 -0.069 | -0.039» | -0.126 | -0.276™ | -0.053 | -0.450* | -0.063 0.025* -0.042 0.007ns -0.057
(37.9) (323.1) (19.2) (42.0)
Nisqually | Fall 0.111ns -0.064 -0.289 -0.031 | -0.224»s | -0.031 | -0.276™ | -0.040 | -0.442" | -0.032 0.145ns -0.027 0.940ns -0.030
(10.7) (13.8) (14.5) (7.2)
Nooksack | Springl 0.316" -0.015 | -1.150"s [ -0.022 0.326"s -0.028 | -0.171rs [ -0.007 | -0.471rs [ -0.019 0.300rs -0.007 | -0.471rs [ -0.022
(1.9) (4.1 (4.0 @7
Samish | Fall 0.201ns -0.087 | -0.063» [ -0.048 0.043ns -0.041 | -0.031rs [ -0.046 | -0.075" | -0.044 0.009ns -0.047 0.025ns -0.045
76.2 (883.3) (58.7)
Skagit Springl 0.591ns -0.012 NA - 0.541™ -0.020 0.212ns -0.045 0.026ns -0.034 0.281° -0.027 0.271ns -0.023
Source: Jeff Hard, NMFS Northwest Fisheries Science Center, September 16, 2004.
Percent of observed trend in parentheses, where applicable.
:s Not significantly different from zero.
P <0.001
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Table 3.3.7-7. Observed trends in Puget Sound hatchery chinook salmon adult lengths (cm/year) and corresponding expected trends (cm/year) under

directional harvest selection (Ryding and Reidinger 2004). Model runs incorporated weak stabilizing selection on length (o = 4c) and a
threshold for legal harvest of 50 cm.

Age 2 Age 3 Age 4 Age 5
Males Females Males Females Males Females Males
Run | observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected
Hatchery | Type | Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend
Green Fall -0.006" | -0.036 | -0.193" | -0.056 | -0.016™ | -0.056 | -0.145™ | -0.063 -0.116° | -0.062 -0.151* -0.049 | -0.103" | -0.042
River (600.0) 29.0 (350.0) (43.4) 53.2 (32.4) (40.8)
Skokomish| Fall 0.175ns -0.046 -0.182° | -0.062 | -0.039»s [ -0.065 | -0.276™ | -0.049 | -0.450™ | -0.040 0.025* -0.034 0.007m | -0.032
(34.1) (166.7) (17.8) (8.9)
Nisqually | Fall 0.111ns -0.047 -0.289° | -0.041 | -0.224rs [ -0.042 | -0.276™ | -0.050 | -0.442™ | -0.038 | 0.145™ -0.031 0.940m | -0.030
(14.2) (18.8) (18.1) (8.6)
Nooksack | Springl 0.316* -0.012 | -1.150" | -0.028 | 0.326™ -0.014 | -0.171~ | -0.014 | -0.471r | -0.015 | 0.3007s -0.012 | -0471» | -0.015
Samish | Fall 0.201ns -0.081 | -0.063" | -0.065 [ 0.043n -0.060 | -0.031" | -0.063 | -0.075" | -0.063 | 0.009ns -0.055 0.025" | -0.056
(100.3) (200.3) (84.0)
Skagit Springl 0.591ns -0.015 NA - 0.541* -0.020 0.212ns -0.043 0.026m | -0.040 0.281* -0.026 0.271ms | -0.026

Source: Jeff Hard, NMFS Northwest Fisheries Science Center, September 16, 2004.
Percent of observed trend in parentheses, where applicable.

" Not significantly different from zero.

" P<0.10

™ P<0.001

Puget Sound Chinook Harvest 3-112 December 2004
Resource Management Plan NEPA Final EIS



Section 3 — Affected Environment

Table 3.3.7-8. Observed trends in Puget Sound hatchery chinook salmon adult lengths (cm yr') and corresponding expected trends (¢m yr'') under

directional harvest selection (Ryding and Reidinger 2004). Model runs incorporated strong stabilizing selection on length (0o = 1c) and a

threshold for legal harvest of 70 cm.

Age 2 Age 3 Age 4 Age 5
Males Females Males Females Males Females Males
Run | Observed | Expected | Observed | Expected | Observed |Expecte | Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected
Hatchery | Type | Trend Trend Trend Trend Trend dTrend| Trend Trend Trend Trend Trend Trend Trend Trend
Green. Fall -0.006™ | -0.033 | -0.193s | -0.097 -0.016m -0.091 | -0.145™ | -0.095 -0.116" -0.092 -0.151" -0.067 | -0.103» | -0.055
River (550.0) (50.2) (568.8) (65.5) (79.3) (44.4) (534)
Skokomish| Fall 0.175ns -0.022 -0.182 -0.093 -0.039ns -0.047 | -0.276™ | -0.061 | -0.450™ | -0.033 0.025* -0.039 0.007ns -0.021
(51.1) (120.5) (22.1) (7.3)
Nisqually | Fall 0.111ns -0.048 -0.289" -0.076 -0.224ns -0.076 | -0.276™ | -0.083 | -0.442™ | -0.062 0.145ns -0.045 0.940ns -0.044
(26.3) (33.9) (30.1) (14.0)
Nooksack | Spring] 0.316° -0.009 | -1.150" | -0.064 0.326"s -0.008 | -0.171m | -0.037 | -0.471rs [ -0.022 0.300ns -0.027 | -0471rs | -0.013
(5.6) 21.6 (4.7) (2.8)
Samish | Fall 0.201ns -0.097 | -0.063» [ -0.119 0.043rs -0.112 | -0.031m | -0.113 | -0.075» | -0.114 0.009ns -0.088 0.025ns -0.090
(188.9) (364.5) (152.0)
Skagit Springl  0.591ns -0.011 NA - 0.541™ -0.011 | 0.212n0s -0.089 0.026"s -0.051 0.281° -0.051 0.271ns -0.023
Source: Jeff Hard, NMFS Northwest Fisheries Science Center, September 16, 2004.
Percent of observed trend in parentheses, where applicable.
:S Not significantly different from zero.
P <0.10
P <0.001
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Table 3.3.7-9. Observed trends in Puget Sound hatchery chinook salmon adult lengths (cm yr'') and corresponding expected trends (¢m yr'') under

directional harvest selection (Ryding and Reidinger 2004). Model runs incorporated weak stabilizing selection on length (o = 4c) and a

threshold for legal harvest of 70 cm.

Age 2 Age 3 Age 4 Age 5
Males Females Males Females Males Females Males
Run | Observed | Expected | Observed | Expected | Observed |Expected| Observed | Expected | Observed | Expected | Observed | Expected | Observed | Expected
Hatchery | Type | Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend Trend
Green | Fall -0.006m | -0.027 | -0.193» [ -0.054 -0.016n | -0.053 | -0.145" | -0.059 -0.116" -0.056 -0.151* -0.042 | -0.103» | -0.037
River (450.0) 28.0 331.3 (40.7) (43.3) 21.8 (35.9)
George | Fall 0.175ns -0.041 -0.182' -0.069 -0.039n | -0.065 | -0.276™ | -0.056 | -0.450" | -0.046 0.025* -0.035 0.007ns -0.032
Adams (37.9) (166.7) (20.3) (10.2)
Nisqually | Fall 0.111ns -0.047 -0.289° -0.052 -0.224rs | -0.051 | -0.276™ | -0.063 | -0.442" | -0.048 0.145ms -0.035 0.940ms -0.035
(18.0) (22.7) (22.8) (10.9)
Nooksack| Spring] 0.316" -0.006 | -1.150" | -0.027 0.326m -0.007 | -0.171rs | -0.015 | -0.471rs [ -0.012 0.300m -0.012 | -0.471rs | -0.009
Samish | Fall 0.201ns -0.077 | -0.063» | -0.068 0.043ns -0.064 | -0.031ns | -0.069 | -0.075" | -0.069 0.009ms -0.057 0.025ns -0.057
(107.9) 222.6 92.0
Skagit | Springf 0.591ns -0.009 NA - 0.541™ -0.009 | 0.2120s -0.045 0.026m | -0.029 0.281° -0.026 0.271ns -0.015
Source: Jeff Hard, NMFS Northwest Fisheries Science Center, September 16, 2004.
Percent of observed trend in parentheses, where applicable.
:s Not significantly different from zero.
P <0.001
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Section 3 — Affected Environment

3.3.8 Hatchery-Related Fishery Effects on Salmon

Salmon harvest management plans, such as the Proposed Action and alternatives addressed in this
Environmental Impact Statement, set management objectives for individual populations or
management units. The alternatives are different fishing regimes that set management objectives in
terms of exploitation rates and/or escapement goals. The Puget Sound Chinook Harvest Resource
Management Plan alternatives encompass 15 natural management units and 22 chinook salmon
populations. Many of these units have associated hatchery programs that are managed either to enhance
fisheries or supplement natural production. Achieving appropriate conservation objectives for this
diverse group of units presents a highly complex technical and political task. Fisheries objectives can
exert substantial control over the escapement of hatchery- and natural-origin chinook, as well as the

five other salmon species.*"

This subsection examines some of the possible, ancillary ecological and genetic effects that may result
from hatchery programs associated with the harvest regimes considered in this evaluation. These
effects associated with any of the alternatives may potentially lead to different levels of escapement of
natural- and hatchery-origin fish, and varying interactions between wild and hatchery-origin chinook

on the spawning grounds.

3.3.8.1 Effects of Hatchery-Origin Chinook on Natural-Spawning Chinook Salmon
Acrtificial propagation programs may lead to beneficial effects and/or risks for natural-origin chinook

salmon populations.

Benefits

Beneficial effects that may result from the use of hatchery technigues have been summarized by
Waples (1996) and Cuenco et al. (1993). Hatchery supplementation may be used to reduce the short-
term risk that a population on the verge of extirpation will be lost by expeditiously boosting the number
of emigrating juveniles in a given brood year. Supplementation may be used to preserve or increase
salmon populations while other factors causing decreased abundance are addressed. Supplementation
may be used to accelerate recovery of populations by increasing abundances in a shorter time frame
than may be achievable through natural production. Supplementation programs may be used to create a

reserve population for a particular chinook salmon genetic profile to prevent loss of the entire

X! The principal factor controlling abundance is ocean cycling/productivity. Other major factors affecting
abundance include dams and habitat quantity and quality.
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Section 3 — Affected Environment

population due to natural or human-caused catastrophes. Hatchery techniques may also be used to
reseed vacant habitat capable of supporting salmon through reintroduction to streams where
populations have been eliminated, assuming that the causes that led to elimination of the population are
being addressed. Finally, artificial propagation may be used to provide scientific information regarding

the use of supplementation in conserving natural populations.

The potential benefits of hatchery production to the recovery of the Puget Sound Chinook Salmon
Evolutionarily Significant Unit were recognized by NMFS in its 1999 listing determination (FR 64
14308, March 24, 1999). Chinook salmon produced by hatcheries operating in the Elwha, Dungeness,
Nooksack, Stillaguamish, and White River watersheds were listed with the natural populations in Puget
Sound, because the juvenile and adult fish produced by these programs were deemed essential to the
recovery of the Puget Sound Chinook Evolutionarily Significant Unit. Management of fisheries to
ensure adequate escapement of returning hatchery-origin chinook salmon produced for conservation

purposes will benefit recovery of the listed Evolutionarily Significant Unit.

Risks

Fisheries managed to achieve an exploitation rate appropriate for harvesting returning hatchery-origin
chinook salmon may reduce the abundance and status of commingled, less productive natural-origin
chinook populations. Conversely, if fishery managers choose a harvest rate that is less than the ideal
harvest rate for the hatchery population, the escapement of hatchery fish will increase above
broodstock requirements. Not all of the hatchery fish in the escapement return to their release point
where they may be captured and removed. The fidelity of return and subsequent level of removal varies
with the physical location of the hatchery, the efficiency of the trapping and removal system, weather
conditions and flows, and other factors. As discussed above, straying may be the objective of wild
population supplementation or reintroduction programs. However, where the primary objective of the
hatchery program is to harvest the returning adults, fish that are not captured and removed may spawn
naturally in areas used by the local population, or stray into other watersheds. The unintentional
escapement and straying of hatchery-origin chinook salmon produced for harvest augmentation
purposes may lead to adverse impacts to the survival and productivity of indigenous, naturally-

spawning chinook salmon populations.

Adverse effects to natural-origin chinook salmon that may result from the use of artificial propagation
may be ecological, genetic, or demographic in nature. Potential adverse effects of this nature on

natural-origin chinook salmon are summarized below. These descriptions are provided to identify
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Section 3 — Affected Environment

hatchery-related issues that may be germane to the fishery management alternatives analyzed and

compared within this Environmental Impact Statement.

Ecological Effects

Hatchery-origin adults may compete with naturally-spawning fish for spawning habitat, or may
interbreed with naturally-spawning fish. Adverse effects of competition may result from direct
interactions, whereby hatchery-origin fish interfere with the accessibility of wild fish to limited
resources; or through indirect means, such as when utilization of a limited resource by hatchery fish

reduces the amount of that resource available to wild fish (Species Integration Work Group 1984).

For adult salmonids, the potential for hatchery/wild fish competition in fresh water is assumed to be
greatest in the spawning areas (U.S. Fish and Wildlife Service 1994). Hatchery-origin adult salmonids
may home to, or stray into, natural production areas during wild fish spawning or egg incubation
periods, posing an elevated competitive and behavioral modification risk. Returning or straying
hatchery fish may compete for spawning habitat. Superimposition of redds by similarly-timed or later
spawners disturbs or removes previously-deposited eggs from the gravel, and has been identified as an
important source of natural salmon mortality in some areas (Bakkala 1970). Adult salmonids
originating from hatcheries can also compete with wild fish of the same species for mates. If the
hatchery fish are a non-indigenous population, or have substantially diverged from the native
population, interbreeding between hatchery- and natural-origin chinook salmon may lead to an

increased potential for outbreeding depression, to the detriment of the natural-origin population.

Juvenile salmonids rearing in fresh water and estuaries compete for food and space (Species Integration
Work Group 1984). The progeny of the hatchery fish that have spawned in the wild may compete for
suitable habitat, reduce access to food, or cause behavior that makes wild fish more susceptible to
predation (Hillman and Mullan 1989; Steward and Bjornn 1990; and Species Integration Work Group
1984).

Genetic Effects

Native salmon populations have developed a complex set of local adaptations that promote the
productivity of the population within their local environment. Characteristics such as body size, return
timing, egg size, migration timing, and many others are tailored by natural selection to adapt the
population to its environment. Hatchery-reared salmon are subject to different selective pressures in the
hatchery environment that may cause them to genetically diverge from their wild ancestors. When

hatchery fish are imported from another basin, this difference between local and hatchery populations
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Section 3 — Affected Environment

is exacerbated. When hatchery strays interbreed with wild fish, the resulting progeny may be less fit,

and the genetic integrity of the local wild population may be permanently affected.

The genetic risks from hatchery fish spawning in the wild, or interbreeding with wild fish, are
associated with reduction in the genetic variability (diversity) within and among populations (Cuenco
et al. 1993; Hard et al. 1992; National Research Council 1996; and Waples 1996). Specifically, these
risks involve genetic drift, inbreeding depression, or domestication. Genetic traits are carried at specific
places in the genetic material of fish called alleles. The type and frequency of the alleles in a
population constitutes the genetic diversity of the population. In the discussion that follows, the
processes that cause a loss of diversity or genetic divergence within the hatchery population are
considered, along with how the introduction of hatchery fish into wild populations may impact the

productivity of the wild population.

Loss of Within-Population Diversity. Reisenbichler and Rubin (1999) cite five studies indicating that

hatchery programs for steelhead and stream-type chinook salmon (i.e., programs holding fish in the
hatchery for one year or longer) genetically change the population and thereby reduce survival for
natural rearing. The authors report that substantial genetic change in fitness can result from traditional
artificial propagation of salmonids held in captivity for one-quarter or more of their life. Bugert et al.
(1992) documented morphological and behavioral changes in returning adult hatchery spring chinook
salmon relative to natural adults, including younger age, smaller size, and reduced fecundity (number
of eggs per female). Information on Puget Sound chinook salmon is limited. However, as described in
Subsection 3.3.7, no decline in average age has been detected for Puget Sound chinook salmon
populations for which data are available, including the Green-Duwaumish in which there has been a
substantial hatchery augmentation program since the early 1900s. In most years, hatchery-origin adults
constitute the majority of the naturally-spawning chinook salmon in the Green River (Puget Sound

Technical Recovery Team 2003).

Leider et al. (1990) reported diminished survival and natural reproductive success for the progeny of
non-native hatchery steelhead when compared to native wild steelhead in the lower Columbia River
region. The poorer survival observed for the naturally-produced offspring of hatchery fish could have
been due to the long-term artificial and domestication selection in the hatchery steelhead population, as
well as maladaptation of the non-indigenous hatchery stock in the recipient stream (Leider et al. 1990).
Chilcote (1997 and 2003) reported a strong negative correlation between the proportion of naturally-
spawning hatchery steelhead and population productivity, when examining spawner-recruit

relationships for a range of Oregon steelhead populations. Nickelson (2003) found negative
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Section 3 — Affected Environment

correlations between the average number of hatchery coho released and the population productivity of

wild coho in fourteen Oregon river and lake basins.

Berejikian (1995) reported that wild-origin steelhead fry survived predation by prickly sculpins (Cottus
asper) significantly better than size-matched offspring of locally-derived hatchery steelhead that were
reared under similar conditions. Alteration of the innate predator avoidance ability through
domestication was suggested by the results of this study. However, Joyce et al. (1998) reported that an
Alaskan spring chinook stock under domestication for four generations was not significantly different
from offspring of wild spawners in the ability of individuals within this population to avoid predation.
The domesticated and wild chinook groups tested showed similar growth and survival rates in

freshwater performance trials.

Loss of Genetic Diversity Among Different Populations. Loss of genetic diversity among different

populations is caused by the introduction of genes from outside the population (e.g., from hatchery-
origin spawners or strays from other systems), at rates greater than what would naturally occur. This
process can affect the genetic uniqueness of a population, and may reduce its fitness through a process
called outbreeding depression. Outbreeding depression arises because natural salmonid populations
adapt to the local environment, and this adaptation is reflected in the frequency of specific alleles that
improve survival in that environment. When excessive gene flow occurs, alleles that may have
developed in a different environment are introduced. These new alleles may not benefit the survival of
the receiving population, leading to outbreeding depression. Outbreeding depression from gene flow
can also occur when eggs and fish are transferred among populations, and/or when out-of-basin

hatchery populations are released to spawn with the local population (Busack and Currens 1995).

Evidence indicating local adaptation of salmonid populations exists, but the only empirical data on
outbreeding depression in fish involves extremely distantly-related populations (Busack and Currens
1995). Pacific Northwest hatchery programs historically contributed to the loss of genetic diversity
among populations through routine transfer between watersheds of eggs and fish from different
hatchery populations. The release of hatchery fish into populations different from the introduced fish
has also resulted in gene flow above natural levels (genetic introgression), reducing the genetic
diversity among populations. Research based primarily on findings in the Kalama River, Washington,
for summer-run steelhead has suggested that interbreeding between non-indigenous Skamania hatchery
stock steelhead (a highly selected, inbred stock) and native wild fish may have negatively affected the
genetic diversity and long-term reproductive success of wild steelhead (Hulett et al. 1996; and Leider et

al. 1990). Non-indigenous hatchery and native wild steelhead crosses may be less effective at
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Section 3 — Affected Environment

producing adult offspring in the natural environment compared to wild fish (Chilcote et al. 1986 and
1997).

Campton (1995) examined the risks of genetic introgression to wild fish, and noted the need to
distinguish the biological effects of hatcheries and hatchery fish from the indirect and biologically-
independent effects of fisheries management actions. In his review of the scientific literature for
steelhead, Campton found that most genetic effects detected to date appear to be caused by fisheries
management practices such as stock transfers and mixed-stock fisheries, not by biological factors
intrinsic to hatcheries or hatchery fish. However, loss of among-population genetic diversity as a result
of these types of hatchery practices has been documented for western trout, where unique populations
have been lost through hybridization with introduced rainbow trout (Behnke 1992). Phelps et al. (1994)
found evidence for introgression of non-native hatchery steelhead stock into a number of natural
populations within southwest Washington. However, in other areas where hatchery production has been

extensive, native steelhead genotypes have been shown to persist (Phelps et al. 1994).

Hatchery programs can be managed to minimize the risk of among-population diversity reduction
effects by limiting the duration of the hatchery program to a few salmon generations, using the local,
natural-origin chinook population as broodstock, and by applying rearing and releasing strategies that

promote high fidelity of return of adult fish to the hatchery release location.

Demographic Effects
Hatchery programs may also lead to adverse demographic effects on natural-origin populations through
masking of the status of natural chinook salmon population abundance and productivity, and through

overfishing.

Masking. If hatchery- and natural-origin fish are indistinguishable in appearance, the presence of
hatchery-origin fish on the spawning grounds may mask the status of the wild population by causing
over-estimation of the abundance and productivity of the naturally-produced population. Failure to
detect the declining or critical status of natural populations may prevent or delay the implementation of
conservation measures. Masking the status of natural productions was cited in listing the Puget Sound
Chinook Evolutionarily Significant Unit as “threatened” under the Endangered Species Act (FR 64
14308, March 24, 1999; and Myers et al. 1998). This risk may be mitigated through application of a
mark or tag to juvenile hatchery-origin chinook salmon prior to their release from the hatchery. In

Puget Sound, almost all of the hatchery fish have been marked in recent years so that the hatchery
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Section 3 — Affected Environment

chinook salmon may be readily differentiated from natural-origin fish in rearing, migration, and

spawning areas.

3.3.8.2 Overfishing

Subsection 3.3.8.1 described the potential benefits and risks of hatchery fish interacting with wild fish
on the spawning grounds once they have escaped the fisheries. This subsection discusses the potential
effect of managing fisheries to meet harvest mortality objectives on wild and hatchery populations.
Fisheries exploitation rates or escapement goals may be established for each salmon population or
management unit that will best achieve its conservation objective. These harvest objectives are
primarily a function of the productivity of the population and the capacity of freshwater habitat. Higher
productivity populations can withstand higher exploitation rates than lower productivity populations. In
the ideal case, each population will be harvested at the rate appropriate for its unique productivity and
capacity. However, many fisheries take place on mixtures of populations, some of which are productive
and can withstand a higher exploitation rate, and others that are less productive and have a lower ideal
harvest rate. If mixed-stock fisheries are managed to achieve a high exploitation rate appropriate to
productive populations, the commingled weaker populations will be over-harvested, leading to
decreased spawner escapement abundances, and potentially, a declining natural-origin chinook

population trend.

This mixed-stock problem is apparent where hatchery and wild fish commingle. Hatchery populations
can sustain very high harvest rates, provided that escapement meets broodstock requirements. When
hatchery and wild populations are commingled in fisheries, managers are faced with the decision
whether to constrain fisheries and lower exploitation rates to levels appropriate to weak populations, or
allow fisheries to remove the entire harvestable surplus of hatchery fish, and “overfish” some
commingled natural populations. In some areas, fisheries can harvest hatchery production selectively,
without undue impact on weak natural populations. Selective fisheries are implemented by the co-
managers in some areas as part of the suite of regulations comprising the annual fishing regime that
would be implemented through the framework of the Proposed Action or one of its alternatives (see

Subsection 3.3.6 of this Environmental Impact Statement).

Puget Sound Chinook Harvest 3-121 December 2004
Resource Management Plan NEPA Final EIS






o N oo o B~ W N B

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31

Section 3 — Affected Environment

34 Tribal Treaty Rights and Trust Responsibilities

3.4.1 Introduction

There are 17 Indian tribes located in Washington State with adjudicated fishing rights in Puget Sound.
The Proposed Action or alternatives to the Puget Sound Chinook Harvest Resource Management Plan

could potentially affect fishing rights guaranteed by treaty and recognized in U.S. v. Washington

(commonly known as the Boldt decision). This section contains a brief history of federal-tribal
relations, and a general legal description of the treaty rights of Northwest tribes. It concludes with a

discussion of the trust obligation of the federal government to protect those rights.

3.4.2 Federal-Tribal Relations

From the formation of the United States to the present, federal law has recognized Indian tribes as

independent political entities with powers over their members and territory (Worcester v. Georgia

1832). The Constitution provides Congress with the authority to regulate commerce “among the several
states, and with the Indian tribes” (United States Constitution, Article I, Section 8, clause 3). This
power to regulate commerce with Indian tribes includes the exclusive authority to deal with Indian
tribes respecting their rights to aboriginal lands, which have always been protected from trespass or
other interference by states or private parties. Central to the protection of lands has always been, and
continues to be, the need to provide for Indian hunting, gathering and fishing rights. In addition, the

federal government has a legal obligation to act in the best interest of Indian tribes.

Prior to 1871, most dealings pertaining to tribal lands were accomplished pursuant to treaties entered
into between the United States government and Indian tribes. The treaties typically provided for the
surrender of large areas of land owned and occupied by the Indians to allow the westward expansion of
non-Indians. In exchange, the United States recognized permanent homelands (reservations), and
sometimes explicitly provided for off-reservation hunting and fishing rights. Treaties with Indian tribes
are recognized as the supreme law of the land and trump any conflicting state law. Treaty language
securing fishing rights is not “a grant of rights [from the federal government] to the Indians, but a grant
of rights from them — a reservation of those not granted” (U.S. v. Winans 1905). In other words, the

tribes retain rights not surrendered. Courts “interpret Indian treaties to give effect to the terms as the

Indians themselves would have understood them” (Minnesota v. Mille Lacs Band of Chippewa 1999).
In addition, the Supreme Court has established “that Indian treaties are to be interpreted liberally in
favor of the Indians, and that any ambiguities are to be resolved in their favor” (Minnesota v. Mille
Lacs Band of Chippewa 1999).
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Section 3 — Affected Environment

3.4.3 The Trust Responsibility

The United States government has assumed the duty of protecting Indian land and ensuring the exercise
of hunting and fishing rights. This duty is generally known as the federal trust responsibility. As
described by the Supreme Court, “under a humane and self-imposed policy which has found expression
in many acts of Congress and numerous decisions of this Court, [the United States] has charged itself

with moral obligations of the highest responsibility and trust” (Seminole Nation v. U.S. 1942). Most

recently, in Department of the Interior v. Klamath Water Users Protective Association (2001), the

Supreme Court noted that:

The fiduciary relationship has been described as “one of the primary cornerstones of Indian law,”
F. Cohen, Handbook of Federal Indian Law 221 (1982), and has been compared to one existing
under a common law trust, with the United States as trustee, the Indian tribes or individuals as
beneficiaries, and the property and natural resources managed by the United States as the trust
corpus.

This trust responsibility has been interpreted to require that federal agencies carry out their activities in
a manner that is protective of Indian treaty rights. For example, in cases involving the management of
Bureau of Reclamation water projects, the United States must exercise any discretion for the benefit of

Indian tribes (see Pyramid Lake Paiute Tribe of Indians v. Morton 1973); Klamath Water Users

Protective Association v. Patterson 2000; and Klamath Drainage District v. Patterson 2000). Courts

have also ruled that the United States has an obligation to ensure that tribal oil and gas lessees obtain

the best possible return on their leases, (Cheyenne Arapaho Tribes of Oklahoma v. U.S. 1992); and

Woods Petroleum v. U.S. 1993), and to consult with the tribes before taking administrative action that

may affect tribal services (see Winnebago Tribe of Nebraska v. Babbitt 1996). In Executive Order No.
13175, the President affirmed the trust responsibility of the United States, and directed all federal

agencies to consult with Indian tribes when taking action affecting such rights (Executive Order No.
13175, November 6, 2000). These substantive and procedural rules, discussed below, must be
considered in evaluating the Puget Sound Chinook Harvest Resource Management Plan and
alternatives (Secretarial Order No. 3206, American Indian Tribal Rights, Federal-Tribal Trust

Responsibilities and the Endangered Species Act, June 5, 1997).

3.4.4 Indian Treaty Rights in Puget Sound
In 1854 and 1855, many Indian tribes in the Pacific Northwest signed treaties with the United States
that ceded much of the tribes’ aboriginal territory and established several reservations for tribal

occupancy. Essential for securing Indian consent to the treaties was the promise that continued access
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Section 3 — Affected Environment

to fisheries would be guaranteed for future generations. This guarantee was included in the Treaty of

Medicine Creek, in a provision typical of that found in Treaties with other Northwest tribes:

The right of taking fish, at all usual and accustomed grounds and stations, is further secured to said
Indians, in common with all citizens of the Territory, and of erecting temporary houses for the
purpose of curing, together with the privilege of hunting, gathering roots and berries, and pasturing
their horses on open and unclaimed lands: Provided, however, That they shall not take shell fish
from any beds staked or cultivated by citizens.

Treaty of Medicine Creek , Article 111, 10 Statute 1132. See also, Treaty of Point Elliott, 12 Statute 927;
Treaty of Point-No-Point, 12 Statute 933; Treaty of Neah Bay, 12 Statute 939; and Treaty of Olympia, 12
Statute 971, hereinafter referred to as the “Stevens Treaties”.

These fishing clauses of the Stevens Treaties have been at the center of litigation for more than 100
years. In U.S. v. Winans, the Supreme Court construed the fishing rights provisions of these treaties as
securing the right to cross privately-owned lands to reach usual and accustomed fishing stations within
a tribe’s ceded territory (U.S. v. Winans 1905). Private landowners had blocked tribal members from
access that was necessary to reach a usual and accustomed fishing site. The Supreme Court rejected the
argument that the Indians lost the access since no easement across the private land appeared on the face
of the treaty, or on the patent issued to the private landowners territory (U.S. v. Winans 1905). The
treaty was said to “impose a servitude upon every piece of land [adjacent to a usual and accustomed
fishing place] as though described therein.” The Supreme Court applied the same rule to guarantee

access to usual and accustomed stations outside the ceded area involved in Winans (Seufert Brothers

Company v. U.S. 1919). State attempts to limit the exercise of treaty fishing rights by a licensing

scheme were also rejected (Tulee v. Washington 1942). Despite these favorable rulings, Indian treaty

rights were ignored by the State of Washington at the time, and State officials frequently subjected

tribal members to harassment and prosecution. This led to intense litigation.

In 1974, Judge Boldt ruled that the Stevens Treaties reserved to the Tribes the right to take up to 50
percent of the harvestable surplus of fish passing their “usual and accustomed grounds and stations”
(U.S. v. Washington 1974). The Supreme Court affirmed the substance of the Boldt decision following

several years of resistance on the part of Washington State (Washington v. Washington State

Commercial Passenger Fishing Vessel Association 1979).

Subsequent proceedings determined that the treaty rights pertain to hatchery fish, shellfish and all other

species found at the usual and accustomed grounds and stations of a given tribe (U.S. v. Washington,

reporter volume 759, 1985; and (U.S. v. Washington 1998 and 1999). There are no restrictions on the

methods that tribes may use to take fish, and the fish may be taken for any purpose (U.S. v.

Washington 1974).
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Section 3 — Affected Environment

Private parties, the state, or the federal government may not limit access to tribal usual and accustomed

grounds and stations without congressional approval (Muckleshoot v. Hall 1988; and Northwest Sea

Farms v. Army Corps of Engineers 1996). The State may regulate the exercise of treaty fishing rights

when necessary for conservation purposes, provided that the state regulations do not discriminate

against Indian treaty fisheries (Puyallup Tribe v. Washington Department of Fish and Game 1968;

Washington Game Department v. Puyallup Tribe 1973; Puyallup Tribe v. Washington Game

Department 1977; and U.S. v. Washington 1975 and 1976). In other words, the State may not directly

regulate Indian fisheries until after it has established the absolute conservation necessity for its action

(U.S. v. Washington 1985). This authority has rarely been exercised, in part, because the Tribes and

State manage fisheries cooperatively through agreements such as the one that is the subject of this
Environmental Impact Statement (Secretarial Order No. 3206, American Indian Tribal Rights, Federal-
Tribal Trust Responsibilities and the Endangered Species Act, June 5, 1997). The same principles
apply when the United States regulates treaty fisheries, since the federal trust responsibility requires

that the actions of the government support the exercise of treaty fishing rights.

3.4.5 Tribal Regulation and Usual and Accustomed Grounds and Stations

The tribes of Washington State, prior to western contact (Secretarial Order No. 3206, American Indian
Tribal Rights, Federal-Tribal Trust Responsibilities and the Endangered Species Act, June 5, 1997),
governed the fisheries of Puget Sound with a set of rules that were dependent upon inter-tribal relations

and kinship ties between tribal groups (U.S. v. Washington 1974). Tribal authority to regulate member

fishing on and off the reservation has been recognized in the modern era as well (U.S. v. Washington,

1975 and 1976; and Settler v. Lameer 1974). In recent years, tribal regulators have worked in

conjunction with state and federal managers on a variety of matters that address conservation and

habitat protection.

There has been a significant amount of litigation over what constitutes a particular tribe’s usual and
accustomed grounds and stations. Judge Boldt originally ruled that:
... every fishing location where members of a tribe customarily fished from time to time at and

before treaty times . . . is a usual and accustomed ground or station at which the treaty tribe
reserved, and its members presently have, the right to take fish stations.

U.S. v. Washington 1974.

This interpretation was applied to determine the usual and accustomed grounds and stations of a

number of intervening tribes (U.S. v. Washington 1975), which continue to be refined through

additional litigation (Muckleshoot Indian Tribe v. Lummi Indian Nation 1998; and Muckleshoot Indian

Tribe v. Lummi Indian Nation 2000). Tribal fishermen can exercise treaty fishing rights only at the
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Section 3 — Affected Environment

usual and accustomed fishing grounds and stations of their respective tribe. Determining tribal usual
and accustomed areas can sometimes be complex due to the fact that many of the modern tribes are
federally-imposed confederations of differing bands and tribes of various treaty signatories. For
purposes of this Environmental Impact Statement, however, it is not critical to determine with precision
which tribe may fish at a particular site. Instead, the task is to ensure that the Puget Sound Chinook
Harvest Resource Management Plan and alternatives are evaluated for consistency with treaty rights
and the federal trust responsibility to recognize that all locations within the action area comprise the

usual and accustomed grounds and stations of one or another of the Puget Sound tribes.

3.4.6 Limitations on the Exercise of Indian Treaty Rights

Congress has the authority to abrogate or limit the exercise of Indian treaty rights, but such abrogation
will be found only if there “is clear evidence that Congress actually considered the conflict between its
intended action on the one hand and Indian treaty rights on the other, and chose to resolve that conflict
by abrogating the treaty” (U.S. v. Dion 1986). The Supreme Court has ruled that Indian treaty rights are
property rights (Menominee Indian Tribe v. United States 1968; and Hynes v. Grimes Packing

Company 1949). Thus, the Fifth Amendment to the Constitution requires that the United States pay
“just compensation” for the taking of Indian treaty rights (U.S. v. Shoshone Tribe of Indians 1938).

Accordingly, courts will not lightly imply a finding that treaty rights have been abrogated (Menominee
Indian Tribe v. U.S. 1968).

Whether the Endangered Species Act applies directly to limit the exercise of Indian treaty rights has not
been resolved, and the two courts that have directly addressed the issue reached conflicting results
(compare U.S. v. Dion 1985 and 1986, with U.S. v. Billie 1987; also see Application of the Endangered
Species Act to Native Americans With Treaty Hunting and Fishing Rights 1980).

Because tribes and the federal government have vital interests in salmon recovery, the tribes and the
federal government jointly developed a way to harmonize treaty rights and recovery efforts under the
Endangered Species Act. The Secretaries of the Interior and Commerce signed an Order in 1997,
directing both the National Marine Fisheries Service and the U.S. Fish and Wildlife Service to engage
in government-to-government negotiations with affected Indian tribes when exercising their authorities
under the Endangered Species Act (Secretarial Order No. 3206, American Indian Tribal Rights,
Federal-Tribal Trust Responsibilities and the Endangered Species Act, June 5, 1997). The purpose of
the Secretarial Order is to ensure that the agencies that administer the Endangered Species Act “carry
out their responsibilities under the Act in a manner that harmonizes the Federal trust responsibility to

tribes, tribal sovereignty, and statutory missions of the Departments, and that strives to ensure that
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Section 3 — Affected Environment

Indian tribes do not bear a disproportionate burden for the conservation of listed species, so as to avoid
or minimize the potential for conflict and confrontation” (Secretarial Order No. 3206, Section 1). In
addition, an appendix to that Secretarial Order spells out federal obligations to consult with tribes in
evaluating candidate species, the listing process, section 7 consultations, habitat conservation planning,

recovery planning and in carrying out law enforcement functions that follow (see Wilkinson 1997).

The National Marine Fisheries Service acknowledges that it has a “trust obligation to minimize impacts
on tribes as much as possible while still meeting agency responsibilities under the Endangered Species
Act. As provided in the Secretarial Order (Wilkinson 1997):

In cases involving an activity that could raise the potential issue of an incidental take under the Act,

such notice shall include an analysis and determination that all of the following conservation
standards have been met:

(i) the restriction is reasonable and necessary for conservation of the species at issue

(i) the conservation purpose of the restriction cannot be achieved by reasonable regulation of non-
Indian activities

(iii)the measure is the least restrictive alternative available to achieve the required conservation
purpose

(iv) the restriction does not discriminate against Indian activities, either as stated or applied
(v) voluntary tribal measures are not adequate to achieve the necessary conservation purpose.
Secretarial Order No. 3206, Principle 3.
Salmon recovery efforts must strive to achieve two goals: 1) the conservation and delisting of
endangered and threatened species under the Endangered Species Act; and 2) the restoration of salmon
populations to a level sufficient to allow for the full exercise of treaty fishing rights (letter from
Assistant Secretary for Oceans and Atmosphere to Ted Strong, Chairman of the Columbia River Inter-
Tribal Fish Commission, July 21, 1998). However, any conservation burden required under the
Endangered Species Act must be allocated in a manner that ensures, among other things, that it does
not discriminate against Indian treaty fishing, and is implemented in the least restrictive manner

necessary to provide self-sustaining natural- and hatchery-produced salmon (U.S. v. Washington 1985).

The Endangered Species Act provides a basic level of protection for conservation and survival of listed
species with the goal of bringing them to the point at which the measures provided by the Act are no
longer necessary. The trust obligation of the federal government to the Tribes to restore salmon stocks
to commercially-harvestable levels is an additive trust and treaty-based obligation above that prescribed
by the Endangered Species Act (letter from Assistant Secretary for Oceans and Atmosphere to Ted

Strong, Chairman of the Columbia River Inter-Tribal Fish Commission (July 21, 1998).
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Section 3 — Affected Environment

35 Treaty Indian Ceremonial and Subsistence Salmon Uses
Introduction

Salmon is a key resource for each of the 17 treaty Indian tribes within the Puget Sound Action Area.
Tribes with adjudicated fishing rights include the Makah, Elwha Klallam, Jamestown S’Klallam, Port
Gamble S’Klallam, Skokomish, Squaxin Island, Nisqually, Puyallup, Muckleshoot, Suquamish,
Tulalip, Stillaguamish, Sauk-Suiattle, Swinomish, Upper Skagit, Nooksack, and Lummi. Their right to
fish for salmon is previously described in Subsection 3.4. The Samish and Snoqualmie tribes are also
federally-recognized tribes within the action area whose ancestors were parties to the Treaty of Point
Elliott (Figure 3.5-1). These two tribes do not have federally-recognized treaty fishing rights at the
present time. Although their access to fish is limited (as described in Subsection 4.5 of this
Environmental Impact Statement), their utilization of salmon for ceremonial and subsistence purposes

is similar to that of the tribes with adjudicated fishing rights.

Salmon is ubiquitous (omnipresent) in Indian culture within the action area. It is regularly eaten by
individuals and families, and served at gatherings of elders and to guests at feasts and traditional
dinners. Salmon is treated ceremoniously by Indians throughout the action area at present as it has been
for centuries. Salmon is of nutritional, cultural, and economic importance to tribes. To Indians of the
action area, salmon is a core symbol of tribal identity, individual identity, and the ability of Indian
cultures to endure. It is a constant reminder to tribal members of their obligation as environmental
stewards. Traditional Indian concepts stress the relatedness and interdependence of all beings including
humans within the action area. Thus, the survival and well-being of salmon is seen as inextricably
linked to the survival and well being of Indian people and the cultures of the tribes. Many Indian
people within the action area share traditional stories that explain the relationship between mountains,
the origins of rivers, and the origins of salmon that inhabit the rivers (Ballard 1929). In traditional
stories, even the humblest of creatures play important roles in sustaining life and balance in the
ecological niche that has supplied food for Indian people for generations (Ballard 1927). Stories
recount the values Indian people place on supporting healthy, welcoming rivers and good salmon runs.

Salmon is also a symbol used in art and other representations of tribal identity.

Definition of Terms
The word sustainable, or sustaining, as used in this subsection, refers to the way indigenous people use
resources to meet their present needs without compromising the ability of future generations to meet

their own needs. This use is consistent with that employed by tribal members. Many Indian people
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Figure 3.5-1. Location of federally-recognized Puget Sound Indian tribes that are parties to the
proposed action.
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Section 3 — Affected Environment

speak of current environmental concerns regarding salmon in the context of their concern for children

and grandchildren.

The words traditional or traditionally in this subsection refer to continuity between the past and the
present in terms of Indian perception and use of salmon, as well as Indian ideas about allocation and
management. Occasionally, traditional refers to the ethnographic description of practices and beliefs of
the action area’s indigenous people at the time the United States government made treaties with

western Washington Indian tribes (e.g., during the mid-nineteenth century).

The term subsistence is used in the anthropological sense. In part, subsistence refers to the ways in
which indigenous people utilize the environment and resources provided by it in order to survive; that
is, to meet the nutritional needs of members of the society. The interplay of resources, technology and
work created a unique economy in which Indian people of the Strait of Juan de Fuca, Hood Canal, and
North and South Puget Sound thrived. Subsistence encompasses the relationships between people and
their environment, between people, and between people and their past. Salmon species provided a

major part of the subsistence resource within the action area.

Ceremonial and subsistence fish refers to non-commercial fish caught by tribal members and used by
tribes for either ceremonial or subsistence purposes. Fishers engaged in commercial fisheries may take
a portion of their catch for ceremonial and subsistence use, and designate that as “take home fish.” Or a
tribe may open a fishery specifically to catch fish for a ceremony or other community use when there is

no concurrent commercial opening.

3.5.1 Historic Fisheries

3.5.1.1 The Ethnographic Record

The ethnographic record is unequivocal: all tribes in the Puget Sound Action Area share a long
tradition of fishing. The cultures and societies of Indian people within the action area at treaty time
were well adapted to the riverine and marine environments of the Strait of Juan de Fuca, Hood Canal,
North Puget Sound and South Puget Sound. Indian people developed economies based primarily on
anadromous fish. These cultures and economies developed subsequent to the stabilization of shorelines
within the action area; that is, around 5,000 years ago. After that time, the conditions of water in the
rivers and streams could support the returning fish populations. The abundance and predictability of the
fish supported permanent human settlement along these rivers and streams as well as along the
saltwater shorelines of the Strait of Juan de Fuca, Hood Canal, North Puget Sound and South Puget

Sound.

Puget Sound Chinook Harvest 3-130 December 2004
Resource Management Plan NEPA Final EIS



0o N o o1 A W DN B

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32

Section 3 — Affected Environment

Some archaeological surveys have been conducted within the action area. Data from these sites by no
means provide a comprehensive view of ancient fishing practices. Geological research demonstrates
significant alterations in elevations and land deformations in parts of Puget Sound associated with a
major earthquake approximately 1,100 years ago. Older sites may have been submerged at that time.
The few sites that have been systematically excavated and analyzed demonstrate a long tradition of
fishing. These are dated to at least 1,000 years before present, the time of the alteration in water levels
(Stein 2000; and Croes 1996). Some sites indicate occupation up to and through treaty time (Stein
2003).

Fisheries, for the most part salmon fisheries, were the defining feature of the cultures and economies of
indigenous people of the Strait of Juan de Fuca, Hood Canal, North Puget Sound, and South Puget
Sound in late eighteenth century descriptions of the area. The entire action area was characterized by its
dependence upon seafood (Gunther 1950). George Gibbs, the lawyer/ethnologist who helped to draft
and negotiate the Indian treaties in western Washington, wrote that “the great staple food” of the region
was salmon, and noted the extraordinary quantities available in Puget Sound and elsewhere in the
region. “Salmon,” he said, “form the most important staple of subsistence” (Gibbs [1856] 1877). In
anthropological terms, the relationship to salmon among indigenous people formed a “culture core.”
Salmon were the focus of economic activities, technological development, and ideologies. The
interface of these supported the invention and application of highly successful harvesting, processing,
and storage techniques. The Indian people of the action area acquired finely-tuned local knowledge

regarding salmon resources, and developed sustainable methods of harvest.

Salmon were harvested using a variety of techniques, including trolling, spearing, gaffing, and taking
fish in nets. Gear included several kinds of weirs, traps, dip nets, gill nets, seines, and, in certain
localities, reef nets. Technologies were developed for particular circumstances, locations, and species.
Harvesting technologies were extremely successful. Efficient techniques made it possible to harvest
large numbers of fish as they ascended the rivers. These techniques were designed to allow selectivity
in harvest, shaping of runs, and adequate escapement to the spawning grounds. William Elmendorf, an
anthropologist, produced an ethnographic monograph describing the Twana (Skokomish) people of
Hood Canal, including their use of weirs, based upon his fieldwork in the 1930s and 1940s. He wrote
that, “Ordinarily one or more lattice sections were removed for a time each day or at night except
during dip-net operations, to allow some fish to proceed to the spawning grounds or to weirs farther
upstream. The Twana people believed that the ‘salmon people’ would be angered if this was not done,

and would refuse to return for the next year’s run” (Elmendorf [1960] 1992). Arthur Ballard, whose

Puget Sound Chinook Harvest 3-131 December 2004
Resource Management Plan NEPA Final EIS



oo O A W N

~

10
11
12
13
14

15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

Section 3 — Affected Environment

observations of South Puget Sound Indian peoples were made at the end of the nineteenth and during
the early twentieth century, also discussed the practice of opening weirs (Ballard 1957). Escapement
allowed sufficient fish to continue upstream to spawn. Escapement also allowed sufficient fish for
Indian people fishing further upriver. Fisheries were managed with an eye to sustainability, and runs
were interrupted only by unanticipated natural events such as climatic or geologic incidents. Later, runs

were interrupted by dams, water diversions, and other impediments constructed by non-Indians.

Winter village sites were established along drainage systems of salmon rivers and streams. The
economic lives of indigenous people were organized around the seasonal runs of fish in these streams.
The abundance of these fish, along with the technologies developed to harvest, process, and store the
fish, sustained families and communities year-around. Salmon were eaten fresh, were cured in a variety
of ways, and were stored to be consumed later or traded. Trade and commerce in fish were extensive
among Indian people in western Washington and with tribal people beyond this region. Curing methods
assured that harvest could be kept over an extended time for later consumption and for inter-tribal

commerce.

3.5.1.2 Tribal Areas, Reservation Locations, and the Importance of Salmon

In the mid-nineteenth century, at the time of the 1850s treaties, Indian tribes occupied river drainages
and marine areas throughout the Strait of Juan de Fuca, Hood Canal, North Puget Sound and South
Puget Sound. Tribal members fished in the lakes, rivers, streams, creeks, bays, inlets, and open waters
of the action area. Salmon returned to and were harvested from any stream that was not otherwise
impassable to the fish. In general, where there were fish, there were Indian people fishing.
Anthropologist Marian Smith, who worked with the Puyallup and Nisqually people, wrote that,
“Fishing was the most constant occupation and whatever a man’s economic specialty, it did not greatly
interfere with the fishing routine” (Smith 1940).

Reservations established by the treaties were located on or near these drainage systems or marine areas
because the framers of the treaties recognized the importance of the fisheries. For example, George
Gibbs noted in 1855 in the official treaty journal that the proposed Puyallup reservation “affords a good
site for a village, with ground for potato patches and a small stream at which the Indians take their
winter salmon,” and that “the Indians will require the shore only, this tribe being exclusively fishing
Indians” (Swindell 1942). The treaties acknowledged that tribes reserved their right to continue to fish;
the treaties guaranteed access to traditional fishing grounds (see Subsection 3.4 of this Environmental

Impact Statement).
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Section 3 — Affected Environment

3.5.1.3 Post Treaty Period Fishing

Tribal fisheries in Washington faced many obstacles during the decades following statehood in 1889.
These included state fishing regulations, dam construction, river diversions, development and
urbanization, and pollution. In spite of these obstacles, Indian peoples maintained their identity with

salmon and exhibited resistance and resiliency in their commitment to maintain their access to salmon.

1899-1920s

In the early years following statehood, fishing continued to be a primary subsistence activity for Indian
people. Indian fishermen were a common sight in and around the action area. Photographs from this
period show western Washington Indians fishing or processing fish. Some of these photographs have
been identified by archivists as Puget Sound Indian men fishing at weirs (1890-1895), Makah women
drying fish on racks (1900), Snohomish people at Tulalip processing salmon (1907), and Lummi men
trolling for salmon (1900) (American Indians of the Pacific Northwest Digital Collection). By the end
of the second decade of the twentieth century, Indian rights to fish off-reservation had been disregarded
repeatedly by the state. Indian people were often arrested for “unlawful fishing” by state game

wardens.

Fishing regulations passed by the state prohibited use of traditional Indian fishing gear such as weirs
and traps. Indians were not allowed to fish in usual and accustomed places and were often challenged
by enforcement officers. Treaties were invoked by tribal members who asserted their right to fish.
Dams, lacking fish passage facilities, were constructed in the years just prior to World War 1. Urban
populations grew, non-Indian fishing proliferated, and development destroyed prime salmon habitat.
Fish runs were threatened. Tribal members predicted serious environmental consequences for fish
habitat. They also saw that the decline in fish habitat and runs threatened Indian livelihoods and

indigenous cultures. Tribes struggled to retain their access to salmon and their rights to harvest salmon.

1930s-1960s

In the mid-twentieth century, with increasing state regulation of fishing, salmon became less available
and it became more difficult for Indian people to fish in their traditional places, or with their traditional
gear. However, salmon retained their symbolic and nutritional significance to Indian people because
fishing itself retained its value and importance as a focus for cultural teaching, learning, and activity.
Tribal people found ways to fish and continued to value and consume fish whenever they were
available. Indian people defied state laws in order to obtain traditional foods from traditional locations

and affirm their core cultural identity and treaty-guaranteed right to fish. Many tribal members
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Section 3 — Affected Environment

regularly recount stories of family members who fished under cover of darkness or confronted game

wardens. Indian people went to jail and to court in the 1930s to assert their treaty rights.

In spite of the obstacles, during the depression in the 1930s many Indian people fished and ate salmon
year-around. Some Indian people report that because Indians were part of a fishing culture, they fared
better through this period than some of their non-Indian neighbors. Indian people continued fishing in
the 1940s. Adults born and reared during this period remember being taught how to fish by elders.
Some elders were still making nets and fish spears and passing the knowledge on to the youth. Indian
people continued to cure and smoke fish and eat fish year-around. Youth were expected to help in all
chores connected with curing fish, including helping to hang the fish in the smokehouse and keeping
the fires stoked in the smokehouse. Young people were taught to maneuver canoes in the rivers, and
witnessed and participated in the expression of tribal values such as the distribution of catches to elders

and other family members.

1960s and 1970s

During the 1960s and 1970s, tribal fishermen continued to assert their treaty-protected rights,
sometimes at considerable risk to themselves. Indian people who participated in “fish-ins” in this
period were beaten or jailed for their actions in asserting treaty rights. Local knowledge of streams and
fishing technologies were retained and passed on to young people during these times. Traditional
methods of welcoming salmon continued throughout the period, though less publicly than at present.
Ceremonies were observed by families rather than by the community at large. The struggle in some
ways reinforced the value of the fish to the people and their cultures. Tribal oral and written histories
have incorporated the story of the struggle for treaty-protected fishing rights (Isely 1970, Deloria 1977,
Wilkinson 2000; and Wray 2002).

1974 and Later: Co-Management and the Centrality of Salmon to the Culture

The 1974 Boldt decision in U.S. v. Washington, the Ninth Circuit Court of Appeals, and the United

States Supreme Court affirmed tribal treaty rights to fish, and ushered in a new era for Indian fisheries.

The Boldt decision mandated that the state share management of fisheries with Indians throughout the
case area. Tribes adopted new technologies. Tribal people of the area now engage in ancient fisheries
with up-to-date equipment. The Indian fisheries continue to be informed by generations-old social and
cultural traditions that have been passed down from generation to generation. No culture stands still.
Technologies are always changing, being modified, reinvented, or refined. Core values, beliefs, and
traditions and their practice in daily life, that is, the non-material components of culture, sustain

community and relationships despite these material changes.
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Section 3 — Affected Environment

3.5.2 Contemporary Fisheries
3.5.2.1 Salmon Species, Availability, and Cultural Preferences

Six species of salmon have been fished and continue to be fished by Indians in Puget Sound, Hood

Canal, and the Strait of Juan de Fuca. These are:

e Sockeye or blueback salmon (Oncorhynchus nerka)
e Chinook (Oncorhynchus tschawytscha)

e Coho or silver (Oncorhynchus kisutch)

e  Chum (Oncorhynchus keta)

e Pink (Oncorhynchus gorbuscha)

e Steelhead (Oncorhynchus mykiss).

Not all species enter each river; however, all species are available in the open waters of the Strait of
Juan de Fuca, Hood Canal, and Puget Sound. It is likely that there was year-around availability in these

open marine waters in the past.

Species vary as to nutritional value, including fat content. Many Indian people express preferences
regarding the desirability of certain species for consumption. Some species are appreciated as good
smoking fish. For example, chum is a leaner fish that can be smoked and kept for a year or more.
Smoked “Nisqually chum” is relished as a special treat even by those who live outside the Nisqually
area. Coho are said to have similar qualities to chum for drying. Indian people look forward to the first
spring chinook for fresh eating. Spring chinook is cured with a special soft smoke. Some Indian people
say that salmon caught in salt water has a different flavor than that caught in fresh water, and that
flavor differences vary even by the part of the river from which the salmon is harvested. Some fish of

the same species are thought to be better (fatter and tastier, for example) in some rivers than in others.

3.5.2.2 Fishing Areas

The boundaries of traditional fisheries were fluid rather than confining during and before treaty time.
Indigenous people in the area traveled seasonally, and often shared or traded resources and engaged in
commerce outside of their winter village territories. Currently, fishing areas for individual tribes are not
as fluid, and tribes fish within defined management areas. These areas have been allocated and

established in accord with the Facts and Findings of U.S. v. Washington in 1974, and in subsequent

court rulings. In general, tribal usual and accustomed fishing grounds and stations encompass the action
area. The freshwater and marine areas within the Puget Sound Action Area are fished by one Puget

Sound tribe or another.
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Section 3 — Affected Environment

3.5.2.3 Gear

Gear used in contemporary fisheries include: set gillnets, drift gillnets, purse seine, trap, hook and line,

dip nets, trolling gear, beach seine, and round haul.

3.5.3 Salmon Uses and the Cultural Significance of Salmon

“We're salmon people and the Northwest is salmon. We still have hope” Billy Frank (Clausen 2000).

The relationship of tribal people to salmon is spiritual, emotional, and cultural as well as economic.
Salmon evoke sharing, gifts from nature, responsibility to the resource, and connection to the land and
the water. Salmon are strongly associated with the use and knowledge of water, use and knowledge of
appropriate harvesting techniques, and knowledge of traditional processing techniques. The struggle to

affirm the right to fish has made salmon an even more evocative symbol of tribal identity.

3.5.3.1 Useg, Distribution and Sharing

Introduction

Indian people of the Puget Sound Action Area who fish today and carry on the salmon culture were
raised in that culture and identify whole periods of their lives in relationship to the salmon. They
remember teething on smoked salmon and talk about eating salmon eggs for breakfast, as a snack, or in
salmon egg soup. Adult fishermen today remember catching fish, sometimes by hand, as children. As
youngsters, they made a fire, and cleaned and cooked the salmon on the riverbank as a treat. Salmon is
not just the primary traditional food but also a food that represents to the Indian all that is his or her
history, a spiritual connection to the resource, and a responsibility to that resource. It must be present at
all traditional ceremonies and functions, and is served during naming ceremonies, funerals, during one-
year memorials after a death, and when students are honored. No ceremony, no gathering, is complete
if salmon is not present. It is served to guests and during winter ceremonials. It is served to elders for
their dinners, and shared or donated widely by fishermen with elders or family members. If a person
doesn’t fish him or herself, “all it takes is saying ‘I’m really hungry for fish’ and a salmon appears.” If
there is an abundance of fish, they are delivered around the reservation so everyone has a share. Some
fishermen are known to fish regularly and to be ready to give some to tribal people who want to smoke
fish or have some fresh fish to eat. Though between tribal people, the exchange of money for fish is not
always a concern, some people make a substantial amount of their livelihood by selling smoked salmon
to other members of the tribe, or to members of other tribes. Some fishermen, hit hard by the low per-
pound return of commercial fisheries, have turned to “roadside sales” of fresh and smoked salmon to

supplement income.
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Section 3 — Affected Environment

The sections below describe the role of salmon in the culture of action area tribes, and the role of
salmon in the lives of many individual tribal members today. Examples here are taken primarily from
interviews with tribal members. Examples are also drawn from tribal newsletters and other
publications. The ways in which salmon is part of the lives of Indian people are as varied as the
individual Indian people and Indian cultures of the action area. There are some important

commonalities, and most items described below express those commonalities.

Personal and Family Consumption/Everyday Eating

Indian people within the action area value and eat salmon whenever it is available. This includes fresh,
frozen, vacuum-packed, canned, and smoked salmon. Salmon is prepared in many ways. Some Indian
people consume nearly every part of the salmon in some form, including eggs, flesh, skin, and bones.
Some tribes help individual members with processing and storing salmon for home use. Some tribes
have community smokehouses, pressure cookers (for canning), and machines for vacuum packing that

tribal members may borrow.

Informal Interpersonal Distribution and Sharing

Sharing and informal distribution of fish help to bind the community in a system of relationships and
obligations. There are many informal, everyday ways that salmon are shared and distributed within
each tribe and between tribes. For example, community members who are not able to acquire salmon
for themselves are given salmon by others. Indian people gift friends and neighbors on the reservation
with salmon. Surplus is distributed or placed in tribal lockers and freezers for future distribution to
individuals (or for traditional dinners or ceremonies). Smoked salmon is sold from the back of trucks
and cars in tribal parking lots. Tribal people who have smokehouses take shares of the catch of
fishermen in exchange for smoking fish for them. Fish, fresh, frozen, or smoked, is given as a gift to
those who help a friend or relative with a task. Fish are commonly given to food banks for the needy,
both Indian and non-Indian. The tradition of feeding others and sharing with non-Indian neighbors is
one that goes back to the earliest accounts of Indian relations with Europeans and Americans within the
action area. Reciprocity and exchange among kin and even non-related groups, including those with
whom connections have been established throughout the action area, is a foundation of meaningful

human interaction between and among Indian peoples in the area.

Formal Community Distribution and Sharing

There are formal, frequent or periodic occasions during which salmon is expected or required to be

served. Among these are:
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Section 3 — Affected Environment

Elders’ dinner or luncheons. Tribal fishermen contribute salmon to these meals. Tribes buy salmon or
they stock donated salmon for these lunches and dinners. Salmon is served often, if not at least weekly,
at luncheons. Some tribes serve lunches to elders at least three days a week. Dinners for elders are held
frequently. These dinners include reciprocal intertribal dinners held for elders throughout the area.
Traditional food is always present at these dinners, and salmon is an essential part of the dinners.
Elders are often offered salmon to take home at the conclusion of both luncheons and dinners.

Distribution to elders. Tribes commonly deliver salmon to elders, who are regarded with special
respect by tribal members and are not always able to fish for themselves. Some tribes make fresh
salmon available at central distribution points for elders and others to take home and cook. When
available, salmon make up a substantial portion of an elder’s diet.

Community-wide and intertribal traditional dinners. Community-wide and intertribal dinners may
be held for any number of reasons (e.g., funerals, celebrations, intertribal ties). Fish are contributed or
the tribe sends out special boats for ceremonial and subsistence harvests in order to harvest salmon for
these dinners. Those who fish commercially may put aside a portion of the catch for personal
subsistence use, and also donate or be paid by the tribe for a portion to be stored and used for
traditional community dinners at times of the year when salmon are not readily available. Tribes
provide storage facilities so that catches can be kept on-hand for these dinners. Some tribes tax
fishermen and use the tax money to buy additional salmon from other tribes to keep on-hand for
traditional dinners.

Cultural dinners with other tribes. An example of a cultural dinner with other tribes is the annual
Canoe Journey that involves tribes from throughout the Strait of Juan de Fuca, Hood Canal, Puget
Sound, and beyond. Welcoming dinners for event participants feature salmon.

Dinners for guests and invited outsiders feature traditional foods. Often these meals, featuring
salmon, are to honor someone or some event. Hosting guests and serving traditional food, including
salmon, is an important part of traditional culture.

Honoring students. Salmon is used in events that honor students and others for special achievements.

Food basket distribution. Some tribes distribute food baskets to tribal members at Thanksgiving and
Christmas, and include smoked fish in the baskets.

Weddings. Salmon is part of the traditional meal served whenever a wedding takes place.

Health fairs. Traditional foods, including salmon, are featured at health fairs. The value of a traditional
diet comprised of traditional foods is emphasized among many tribal leaders and educators who voice
concern with health issues, such as diabetes, prevalent among tribal people. Many of these health issues
are, they believe, linked to the loss of the plant, fish, and animal diet that was available to and followed
by their ancestors.

Ceremonial Uses

In addition to tribally-sponsored dinners, salmon is a key food, among other traditional foods, in

ceremonies. Tribes whose fisheries are depleted buy salmon from other tribes or receive donations of
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Section 3 — Affected Environment

fish for use or distribution for ceremonial and subsistence needs. Tribes make an effort to keep salmon

on-hand or send out special boats for these occasions.

Examples of other ceremonies that require traditional meals, including salmon, are winter ceremonials,
naming ceremonies, giveaways and feasts, and funerals. Winter ceremonials serve guests who have
traveled from throughout the action area. These ceremonies may last many days, and are held
frequently during the winter months. Naming ceremonies, as well as giveaways and feasts, which are
held frequently, are common throughout the action area. Indian funerals in the action area are large
gatherings typically attended by the community at large, usually by more than 100 people. Funerals are
accompanied by traditional meals that include salmon. These meals may take several days of
preparation. Those who cook and serve must be fed, as well. The death of a tribal member is marked by
remembrances or memorials a year later. Burnings are held to feed the deceased at other times. All of
these events require the use of traditional foods, including salmon.

The First Salmon Ceremony and the Cultural Foundation of Contemporary Management
Practices

Traditionally, Indians throughout the action area have treated salmon ceremoniously (Gunther 1926
and 1928). These ceremonies, based on ancient teachings and practices, continue today and underscore
the need to welcome the fish by providing a clean place to which the salmon will want to return.
According to Indian teachings, the fish come to feed the Indian people, but they will not come back if
the environment is not suitably maintained or salmon are not treated properly. EImendorf is specific
about this requirement: “Most ritually-determined acts with reference to river fishing had to do with the
salmon run and were directed toward insuring its continuance. The river had to be kept clean before
salmon started running. HA (an informant) defined the period as starting in early August (for the
Skokomish), before the first king salmon came. From this time, no rubbish, food scraps or the like,
might be thrown in the river; canoes were not baled out in the river; and no women swam in the river
during menstrual seclusion. The object of these precautions was to insure that the salmon would want
to come” (Elmendorf [1960] 1992). Traditional first salmon ceremonies varied from location to
location, depending upon species, time of the run, and cultural differences from tribe to tribe (Gunther
1927; Stern 1934; and Smith 1940). Several of the tribes within the action area use the spring salmon

(chinook) in their first salmon ceremony.

Currently, first salmon ceremonies focus on thanking the fish for returning and assuring the entire
community of a successful harvest. These ceremonies also draw attention to the responsibility Indian

people have for providing a clean, welcoming habitat for the returning fish. Many tribes incorporate a
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Section 3 — Affected Environment

blessing of the Indian fishing fleets or individual fishermen or fisherwomen with these ceremonies.
Some ceremonies welcome non-Indian people as witnesses who are typically served salmon dinners.
This welcoming of non-Indian people to be present at first salmon ceremonies is an effort to engage

more of the action area’s residents in sharing responsibility for the salmon and for the habitat.

First salmon ceremonies were not always publicly, or even communally, celebrated during a period of

years preceding U.S. v. Washington. Some fishermen and fisherwomen continued a more private

version of this ceremony, individually sharing out the first catch of the season with other community
members. This practice still continues in some tribes in addition to the public ceremony. These

ceremonies, once again public, are common in many communities, especially since U.S. v. Washington

and the passage of the American Indian Religious Freedom Act in 1978. The ceremony reiterates and
reinforces the special relationship of the Indian people to the salmon, and their respect and concern for
the well-being of the salmon. Furthermore, the ceremony exhibits cultural continuity with the past and

contemporary linkages to traditional cultural practices.

Modern fisheries and fishing practices of tribes are built on long-standing traditional ideas of
responsibilities to fish and habitat. These practices and ideals underlie tribal approaches to management
of individual salmon runs and commitment to do what is necessary to sustain runs. As one tribal
member put it, “the first salmon ceremony contains the elements of fisheries management that we use
today.” That is, tribes manage fisheries with the assumption that fish need a clean, welcoming
environment and a respectful, nurturing approach to maintaining and restoring habitat, especially

spawning grounds.

3.5.3.2 Tribes and Relationship to Salmon: Responsibility and Stewardship

During the post U.S. v. Washington period, tribes have developed fisheries that promote the centrality

of fish to the community and the community’s responsibility to the fish. This responsibility is, as
articulated by tribal people, based upon traditional teachings. While fishermen are trained in the use of
new equipment and safety regulations, the status and role of the fishermen is based upon traditional
understandings of the resource and habitat. The fishermen continue to contribute to the health of the
tribal members by bringing in food for the community. Tribal hatcheries and stream restoration projects
take advantage of new science, but are developed in the context of local knowledge and traditional

regard for responsible stewardship of the land, the rivers, and the fish runs.

Tribes are working in partnerships with local, state, and federal governments, businesses, and farmers

to repair degraded habitats and the polluting effects of urbanization and agricultural practices. New fish
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Section 3 — Affected Environment

processing plants are being developed at the same time as traditional and contemporary preservation
methods are being taught and passed on to younger tribal members. Fish cured in traditional ways are

still a focus of community trade in fish, carrying the added value of history and custom.

In many ways, since U.S. v. Washington, because fishing is open and religious practices are protected,

fish have become even more central to tribal identities than they were 50 years ago. Fishing is not the
“under cover of darkness” activity it was by necessity for so many years. But because of the difficulties
encountered during those many years, salmon are not just a food or even simply a symbol of a long and
proud tradition, but a reminder of the tribal struggle to assert rights. Many of those who fish today lived
that struggle and pass on their commitment to their history and their right to fish to the younger
generation (Deloria 1977). In the words of one tribal person, the fish “feed the Indian” not just in body,

but in spirit.

3.5.3.3 The Transmission of Fishing Culture

Youngsters, as in the past, are taught from an early age to fish and to understand that they, as tribal
members, have a special responsibility to the salmon and the habitat in which it thrives. Indian
fishermen and women take their children fishing and remember being taken fishing by relatives when
they were growing up. When children fish with older friends and relatives, they not only learn the skills
of taking and processing fish, but also hear the history and tradition of the tribes and are taught how to
be a responsible member of the community. For example, beach seining is a multi-generational, group
activity during which elders sit on beaches watching and advising while young people harvest the fish.
During the work of fishing, everyone joins in conversations about the place, the salmon, and the history

of salmon fishing, and youngsters listen to the stories shared by the elders.

Fishing is considered to be an activity that is a critical part of a tribal member’s identity. No matter
what else one does, learning to fish is part of one’s education. Specific examples of this education

include:

e Young people are taught how to work with fishing gear, how to maintain gear, how to fillet fish,
and how to prepare fish for curing, freezing, and canning.

e Young people are encouraged to help elders and relatives or older tribal members with smoking
fish and thus learn all the skills required for traditional smoking. This includes learning to how
fillet the fish, carve the sticks on which the fish are smoked, gather and split wood for the
smokehouse, thread the fish on sticks, hang the fish in the smokehouse, assure proper air
circulation in the smokehouse, and tend the fires.

o Elders teach younger tribal members about smoking and other traditional skills associated with
fish in less direct ways. For example, an elder may sample fish smoked by a younger tribal
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Section 3 — Affected Environment

member and comment on flavor and degree of dryness. An elder may visit and assess a smoke
house put up by a younger tribal member.

o Elders teach awareness of the environment and the place of fish in the environment. The whole
landscape is a reminder of the salmon and its centrality to the culture. For example, in South
Puget Sound, the elders watch the salal berries and, if there are plenty, they say there will be
plenty of salmon. Because the sword fern is part of the First Salmon Ceremony, even seeing
sword fern in the environment reminds one of the salmon, and elders comment on it.

3.5.3.4 Other Activities That Underscore The Significance of Salmon in Contemporary Indian
Culture

One has to participate in a culture in order for it to survive. Fishing for salmon is a part of tribal life
among the Indians of the Puget Sound Action Area. Tribes have developed many ways for tribal
members of all ages to feel connected with the tribe and tribal culture, and to participate in community
life. Fishing and responsibility for salmon and salmon habitat is a core area for participation. There are
other ways to make a living, but fishing is “in the blood,” Indian people say. You “develop a
relationship with salmon” from the time you are a youngster. Fishing is central to the identity of the
tribes within the action area. Tribal members continue to invest in boats and nets and go fishing even if
fishing is not always economically viable. Indian people teach younger family members to feel

responsibility to the fish. Ways other than fishing that sustain participation in the fish culture include:

School programs. The transmission of culture and the importance of salmon to tribal identity is taught
through curricula and special school programs, including language programs that feature stories of
salmon and first salmon ceremonies.

Headstart programs: participation in restocking programs.

Fishing derbies for children and teens.

Strategies for protection and restoration. The “Wild Stock Restoration Initiative” created in 1996 by
the tribes in conjunction with the State of Washington is an example of a strategy for protection and
restoration of salmon. Tribes have voluntarily reduced harvests in order to respond to the issue of
endangered salmon stocks, thus showing that they are willing to live with self-imposed restrictions to
get the fish back — “if we [Indians] don’t take care of the fish, we too will expire.” Large numbers of
fisheries biologists are employed by tribes, further signifying the tribes’ commitment to the resource.

Publications/public relations that depict tribal involvement with fisheries, habitat enhancement, and
fisheries programs in general. Tribal partnerships with businesses and state, federal and local
government to enhance fish habitat.

On-the-job _options within tribes to take time off work to fish. These options recognize both the
importance of the food to families and the value to tribal identity of supporting involvement with
fishing.
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Cultural resource management programs. Creation of culture and heritage and tribally-operated
cultural resource management programs to enhance and celebrate relationship with the past and
especially recognize and maintain cultural resources that support long-standing relationship to salmon.

Tribal plagues and logos on shirts, hats, and tribal stationary that feature salmon.

Art that features salmon iconography.

Museums and _exhibits that feature fish technology and relationships to water and fisheries;
repatriation of items of significance to salmon fisheries. Also exhibits, including historic and
contemporary photographs, that honor generations of fishermen and their contributions to the tribes.

3.5.3.,5 Summary
The availability of salmon as an economic base and a cultural, ceremonial, and religious staple has
provided for enhanced social cohesion and promoted cultural vitality among Puget Sound tribes. Its

centrality to the Indian culture has been reaffirmed by court cases like U.S. v. Washington. Some refer

to it as “a calling back home.” In many instances, Indian people came back to live with relatives and
friends on reservations because there was economic opportunity. The enhanced fisheries opportunities
demanded that new generations of fishermen and women be trained. The core group of elders and
fishermen who had local knowledge of the waters, the currents, the tides, the habits of fish, and the
requirement of habitat came forward to train others in this specialized cultural knowledge. New

technologies were learned and taught along with the guidance of local, traditional knowledge.

Indian people express a holistic relationship to the land and the waterways, as well as to the salmon and
other creatures dependent upon the health of the land and environment. Little differentiation is made
between and among spirit, nature, and culture when they speak of their obligations. Tribal people
characterize their relationship to salmon as a dynamic and demanding one. The relationship draws upon

indigenous teachings and insights.

The obligation to salmon articulated by Indian people is one concerned with renewal, reciprocity, and
balance. Salmon is of economic importance to Indian people, and it embodies cultural, ceremonial, and
social dimensions of their lives to the degree that it is a significant symbol of Indian and tribal identity.
Tribal identity is realized and expressed in the many daily acts in which they engage. For the Indian
people within the Puget Sound Action Area, many of those acts involve or include salmon. Tribal
people have a strong present connection with salmon, and share a passionate concern for the future of

salmon in the marine waters, rivers, lakes, and streams in the action area.
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Section 3 — Affected Environment

3.6 Economic Activity and Value

This section describes current conditions and recent trends in economic activity and value associated
with commercial and sport fishing for salmon and steelhead in Puget Sound. Annual average levels of
salmon harvest by commercial fishermen and Puget Sound tribes are identified, and the annual average
levels of fishing activity and catch by sport fishermen are also presented. The distribution of fishing
activity in Puget Sound is described, including the levels of activity that occur in marine waters and
fresh waters. The contribution made by salmon and steelhead fishing activity in Puget Sound to the
local and regional economy also is described. Sectors of the regional economy that are most affected by
fishing activity are described in terms of total sales, employment, and income generated. This
information is presented for three multi-county regions that comprise the Puget Sound Action Area: the
Strait of Juan de Fuca/North Hood Canal region, North Puget Sound region, and South Puget
Sound/South Hood Canal region. In addition to identifying the magnitude and distribution of fishing
activity, the value of this activity to persons participating in commercial and sport fishing for salmon

and steelhead in Puget Sound is characterized.

Where available, data for the 10-year period between 1991 and 2000 are used to characterize trends in
fishing activity and associated economic values; however, in some cases, data are available for only a
portion of this time period. More detailed tables of information on fishing activity and associated
economic values that include annual levels of salmon harvest and fishing activity between 1991 and
2000 are included in Appendix D to this Environmental Impact Statement, Technical Methods —

Economics.

In addition to the value that salmon resources have to commercial and sport fishers and the local and

regional economy, it should be recognized that these resources have value to persons that don’t directly

use or consume the resources. These values are often referred to as non-use or passive use values.

Avoiding extinction of endangered species has been recognized as a source of passive use values
(Meyer, 1974: Randall and Stoll, 1983; Stoll and Johnson, 1984). Existence values are defined as the

benefit received from simply knowing the resource exists even if no use is made of it. Wild stocks of

Puget Sound Chinook salmon clearly fit into this definition. As noted by Olsen et al. (1991) in his study

of existence value of doubling the size of Columbia River Basin salmon and steelhead runs, "Existence

value represents the benefit that individuals gain from the knowledge that doubling of salmon and

steelhead runs would provide the runs with greater ecological stability and diversity.” Passive use

values also are considered public goods, in that the benefits can be simultaneously enjoyed by millions

of people all across the region and the country (Loomis, 1996). Although nonuse values associated with
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Section 3 — Affected Environment

the recovery of listed Puget Sound Chinook salmon are theoretically measurable and likely differ to

some extent between the alternatives, existing data on recovery rates are too limited to reliably estimate

these values.

3.6.1 Commercial Salmon Harvesting and Processing

3.6.1.1 Salmon Harvesting

The annual average ex-vessel value (i.e., the dollar value that commercial fishermen receive for their
product once it leaves the fishing vessel) of salmon landed at Puget Sound ports between 1991 and
1998, is shown by county in Figure 3.6-1. The sources of these landings include salmon harvested in
Alaska, British Columbia, Coastal Oregon, and Washington, in addition to Puget Sound. The average
annual value over the 8-year period was $16.2 million, with landings in Whatcom County accounting
for about 45 percent of this value ($7.4 million). Ports in King County and Clallam County contributed
$1.99 and $1.94 million, respectively.
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1  Figure 3.6-1. Annual average ex-vessel value of commercial salmon landed at Puget Sound ports

2 between 1991 and 1998, by county.
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The annual ex-vessel value of commercial salmon landings from Puget Sound averaged about $12.2
million between 1991 and 2000 (Figure 3.6-2), or about 75 percent of the annual average value of
salmon landings at ports in the Puget Sound area between 1991 and 1998. Landings of sockeye salmon
caught in Puget Sound averaged $7.01 million annually, accounting for more than 57 percent of the
average ex-vessel value of all salmon landings. Landings of chum salmon averaged $2.68 million

annually (about 22% of the average annual value). Landings of chinook, coho, and pink salmon, which

© 00 N oo o A W

are only harvested during odd-numbered years, averaged less than $1.0 million annually over the 10-
10  year period from 1991 through 2000.
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Section 3 — Affected Environment

Figure 3.6-2. Annual average catch (tribal and non-tribal) and ex-vessel value of commercially-caught
salmon in Puget Sound between 1991 and 2000.
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The annual average commercial catch (both tribal and non-tribal) of salmon harvested in Puget Sound
is also shown in Figure 3.6-2. In terms of pounds landed, chum salmon accounted for the largest
percentage of the salmon harvest, averaging 7.22 million pounds per year over the period 1991 though
2000. This share represents about 38 percent of the average annual salmon landings (19.2 million
pounds) over the 10-year period. Average annual landings of sockeye salmon accounted for 5.71
million pounds (about 30% of the average annual salmon landings), pink salmon accounted for 3.62
million pounds (about 19%), coho salmon accounted for 1.47 million pounds (about 8%), and chinook
salmon accounted for 1.16 million pounds (about 6%). More than 83 percent of the commercially-
caught Puget Sound salmon in 2001 was taken by commercial fishermen using purse seines, and about
15 percent was taken by commercial fishermen using gillnets (see Economics Table D-7 in Appendix
D).

Salmon landings from Puget Sound and the ex-vessel value of these landings decreased substantially
over the 10-year period 1991 through 2000 (see Economics Table D-2 in Appendix D). During the
period 1991 through 1995, total annual landings averaged about 27.4 million pounds, and the ex-vessel

value of these landings averaged about $18.3 million. Between 1996 and 2000, total annual landings
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Section 3 — Affected Environment

averaged about 11.0 million pounds, and the ex-vessel value of these landings averaged about $6.0

million. The decline in landings and ex-vessel value was particularly sharp in 1999 and 2000.

Figure 3.6-3 shows the percentage of the annual average commercial harvest (both tribal and non-
tribal) of Puget Sound salmon by Marine Catch Area. (Figure 3.6-4 identifies the geographic
boundaries of Marine Catch Areas.) In terms of pounds landed, Marine Catch Area 7 accounted for the
largest share of the salmon harvest, averaging 55 percent of the total pounds of salmon landed annually
in marine waters of Puget Sound between 1991 and 2000. More than 84 percent of the salmon caught
in Marine Catch Area 7 were pink salmon and sockeye salmon (see Economics Table D-3 in Appendix
D). Marine Catch Area 12 had the second-largest share of salmon caught, accounting for 17 percent of
the 19.34 million pounds landed, on average, between 1991 and 2001. Marine Catch Areas 4, 6, and 9
each accounted for less than 1 percent of the average annual amount of salmon landed in Puget Sound
between 1991 and 2000.

Figure 3.6-3. Percent of the annual average commercially-caught salmon in Puget Sound between
1991 and 2000, by marine catch area (in pounds landed).
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Figure 3.6-5 shows the annual average commercial harvest (both tribal and non-tribal) caught in
freshwater areas of Puget Sound, most of which is tribal harvest. The Skagit River system accounted
for 29 percent of the commercial harvest in freshwater areas between 1991 and 2000. The next most

productive freshwater areas included the Nisqually (16%), Nooksack-Samish River (14%), Green-
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Duwamish River (14%), and the Puyallup River (14%). In terms of species taken (see Economics Table
D-4 in Appendix D), chum salmon accounted for the largest share (about 41%) of the commercial
harvest (pounds landed) in freshwater areas, followed by coho (29%), chinook (18%), pink (12%), and

sockeye (less than 1%).
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Figure 3.6-5. Percent of annual average commercially-caught (tribal and non-tribal) harvest of salmon
in freshwater areas of Puget Sound.
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The number of non-tribal licenses issued for commercial salmon fishing in Puget Sound has declined
each year over the period 1991 though 2000, with the exception of the year 2000 when the same
number of permits were issued as in 1999 (see Economics Table D-5 in Appendix D). In 1991, 1,512
licenses were issued for commercial salmon fishing in Puget Sound, of which about 94 percent were
issued to Washington residents. By 2000, the number of licenses issued had declined to 987, of which

about 96 percent were issued to Washington residents.

To evaluate the regional effects of fishing activity, counties that border Puget Sound are grouped into
three regions: North Puget Sound, consisting of Whatcom, Skagit, Snohomish, Island and San Juan
counties; South Puget Sound/South Hood Canal, consisting of King, Pierce, Thurston, Mason, and
Kitsap counties; and the Strait of Juan De Fuca/North Hood Canal, consisting of Clallam and Jefferson
counties (see Figure 3.2-2). About 56 percent of the 9.9 million pounds of salmon landed in 2001 was
taken by commercial fishermen who live in the North Puget Sound region, and about 38 percent of the
pounds landed was taken by commercial fishermen who live in the South Puget Sound/Hood Canal
region (see Economics Table D-6 in Appendix D). Commercial fishermen who reside in the Strait of

Juan de Fuca/North Hood Canal region accounted for about 4 percent of the salmon harvested in 2001,
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Section 3 — Affected Environment

and residents from outside the Puget Sound region accounted for the remaining 2 percent of the salmon
harvest in 2001.

The economic value of the Puget Sound commercial salmon fishery can be measured in terms of its
monetary value to producers and consumers. Producers include the commercial fishers, including
operators (or permit holders) and crewmembers, and fish processors. Consumers include the public that
consumes salmon. Revenues received by the commercial fishers for their harvest represent gross
economic value, also referred to as ex-vessel value. Net economic value is the amount of total revenues
received by the vessel operators less the costs of production, including wages, operational expenses

such as fuel and equipment, and fixed costs such as insurance and depreciation.

As discussed in a 1988 study of the economic value of non-tribal salmon fisheries (Washington
Department of Community Development 1988), many non-tribal commercial fishermen fishing for
salmon in Puget Sound are part-time or occasional fishermen and operate at a loss, indicating negative
net economic values. In some cases, the operating losses associated with salmon fishing are offset by
profits from fishing for non-salmon species. Based on a literature review of existing studies (National
Marine Fisheries Service [NMFS] 2002), the net economic value of commercial salmon fishing along
the West Coast ranges from about 7 percent to about 53 percent of the ex-vessel value. These values
reflect “average” conditions over different time periods and across different gear types and species.
Recent analyses of net economic values for commercial salmon fisheries in the Pacific Northwest

prepared by The Research Group (personal communication with Hans Radtke—pers—cemm:, The

Research Group, October 21, 2003) indicate that net economic values for commercial salmon fishing

and processing are roughly 50 percent of the ex-vessel value for harvesting and 20 percent of the ex-
vessel value for processing. These estimates also represent averages across different vessel types and
species. Based on the average annual ex-vessel value of $12.2 million for salmon commercially-caught
(both tribal and non-tribal) in Puget Sound over the 10-year period 1991 through 2000, the net

economic value is estimated at $8.5 million.

The net economic value to consumers of the Puget Sound salmon fishery is represented by the effect of
harvesting Puget Sound salmon on salmon prices. Based on a literature review conducted for a 2002
study (National Marine Fisheries Service 2002), reductions in the supply of commercially-caught
salmon have been found to affect the price of salmon to consumers; however, this effect depends on

many factors, including the quantity of change in supply.
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Figure 3.6-6. Annual average catch and ex-vessel value of salmon harvested by tribes in Puget Sound
(1991-2000).
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In summary, the annual ex-vessel value of salmon commercially-caught (tribal and non-tribal) in Puget
Sound averaged about $12.2 million over the 10-year period between 1991 and 2000. This value
represents about 75 percent of the ex-vessel value of all salmon landed at ports in the Puget Sound area;
salmon caught elsewhere, including Alaska and Canada, also are landed at ports in the Puget Sound
area. The value of the Puget Sound commercial salmon fishery has declined sharply over the 10-year
period, from $24.4 million in 1991 to $5.9 million in 2000. Sockeye salmon is the most valuable
salmon fishery to both tribal and non-tribal commercial fishermen, accounting for about 50 percent of
the annual average value to tribal fishermen, and about 57 percent to non-tribal commercial fishermen.
About 83 percent of salmon landings by non-tribal commercial fishermen is caught using purse seines.
Of the salmon caught in the marine waters of Puget Sound, about 57 percent are caught in Marine
Catch Area 7; about 29 percent of salmon caught in fresh waters around the Puget Sound are caught in
the Skagit River system. The net economic value of the annual average harvest of Puget Sound salmon
between 1991 and 2000 is estimated at $8.5 million.
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Section 3 — Affected Environment

3.6.1.2 Processing of Commercial Salmon Catch

Salmon processing in the Puget Sound region, as well as within Washington as a whole, consists
primarily of cleaning, gutting, heading, and icing operations, and, to a much lesser extent, smoking and
curing operations (Washington Department of Community Development 1988). Salmon canneries have
not operated in the region since the early 1990s, with the exception of small, speciality operations
focused on pink salmon (personal communication with Richard Ranta, National Marine Fisheries
Service, April 4, 2003).

Processors and buyers of salmon include persons who purchase salmon from tribal and non-tribal
commercial fishermen, and either process the product themselves or sell it to a third party for
processing. Based on information compiled by the Pacific Fishery Management Council (1999), about
195 processors/buyers operated in the Puget Sound region and purchased salmon between 1994 and
1998. King County and Whatcom County had the largest number of reported processors/buyers, with
33 and 29 processors/buyers, respectively. Other counties in the Puget Sound region with a significant
number of processors/buyers include Clallam County (27), Pierce County (23), Mason County (16),

and Skagit, and Snohomish counties (each with 14 processors/buyers).

During 2002, 127 tribal and non-tribal buyers of salmon purchased 23 million pounds of salmon
directly from Puget Sound gillnet and purse seine vessels. The top seven buyers (all of whom
purchased at least one million pounds of salmon) accounted for 62 percent of the purchases. According
to industry representatives, the number of buyers has declined over the years because of heavy Alaska
production and poor market conditions. At least one major buyer did not operate in 2002 (personal

communication with Stephen Freese, National Marine Fisheries Service, March 14, 2003).

Additional information on the contribution made by processors and buyers to the regional economies is

described in Subsection 3.6.3, Regional Economic Activity.
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3.6.2  Sport Fishing Activity, Catch, and Value

Sport fishing for salmon and steelhead is a very popular recreational activity in the Puget Sound region.
Between 1991 and 2000, the number of sport fishing trips for salmon and steelhead averaged about
578,000 trips annually (see Economics Table D-10 in Appendix D). The most popular areas are, in
descending order of popularity, Marine Catch Areas 11, 5, 10, 9, and 8. (Marine Catch Areas are
identified on Figure 3.6-3.) The number of sport fishing trips for salmon and steelhead declined
substantially over the 10-year period, with an estimated 923,700 trips taken in 1991, decreasing to only
319,200 trips taken in the year 2000.

Figure 3.6-7 shows the annual average catch of salmon by species in marine and freshwater areas of
Puget Sound between 1991 and 2000. About 76 percent of all fish caught by sport anglers were in
marine waters. In terms of the distribution by salmon species, chinook and coho salmon are the primary
species caught by sport anglers, and are predominantly caught in the marine waters of Puget Sound,

whereas pink, chum salmon, and sockeye salmon are predominantly caught in freshwater areas.
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Figure 3.6-7. Annual average sport catch (number of fish caught) of salmon in marine and freshwater
areas of Puget Sound, by species (1991-2000).
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Economics Table D-12 in Appendix D shows the proportion of the 2001 sport catch of salmon in
marine waters of Puget Sound caught by anglers who reside in the three regions of the Puget Sound
Action Area, and from outside the area. As shown, 52 percent of the 2001 sport catch of salmon was
taken by anglers who live within the South Puget Sound/South Hood Canal region, and about 30
percent was caught by anglers who reside in the North Puget Sound region. Major launching areas and
marinas used by anglers in the three regions are shown on Figure 3.6-8 (North Puget Sound), Figure
3.6-9 (South Puget Sound/South Hood Canal), and Figure 3.6-10 (Strait of Juan de Fuca/North Hood
Canal).
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Figure 3.6-9. Salmon ports and major launch areas in South Puget Sound/South Hood Canal region.
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Figure 3.6-10. Salmon ports and major launch areas in the Strait of Juan de Fuca/North Hood Canal region.
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Section 3 — Affected Environment

Similar to the commercial salmon fishery, the economic value of the Puget Sound sport salmon fishery
can be measured by the value it generates for consumers and producers. Consumers include sport
anglers that engage in salmon fishing, both in marine waters and fresh waters. Producers are those
businesses that provide goods and services to anglers participating in salmon sport fishing, including
guides, charter boat operators, and other businesses such as bait and tackle stores, lodging places, food

stores and restaurants, and miscellaneous retail stores.

Even though sport-caught salmon do not have a market price, the value to anglers can be measured by
their willingness to pay (WTP) for fishing trips. Willingness to pay includes what anglers actually pay
(i.e., angler spending) plus the additional amount that they would be willing to pay to continue sport
fishing for salmon. The amount that anglers would be willing to pay over and above what they actually
pay measures the net economic value (or the value received) to anglers. The net economic value of the
sport fishery to producers (e.g., charter boat operators, guides, and other sport fishing-related

businesses) can be measured by the net income (or profit) generated by sales to recreational anglers.

Based on two previous studies (The Research Group 1991 and Gentner et al. 2001) of expenditures
associated with sport fishing in marine and fresh waters in the Pacific Northwest, spending by anglers
who sport fish for salmon and steelhead in marine waters of Puget Sound is estimated to average about
$55 per angler day for fishing from the shore, $50 per angler day for fishing from private boats, and
$156 per angler day for fishing from charter boats (in 2000 dollars). Expenditures associated with sport
fishing for salmon and steelhead in fresh waters of Puget Sound are estimated at about $66 per angler
day. Based on the average number of sport fishing trips (assumed to be equivalent to angler days) taken
during the period 1991 through 1998 (578,000 trips, roughly split evenly between marine and fresh
waters), annual trip-related spending associated with sport fishing for salmon and steelhead in the
Puget Sound area averaged $35.1 million. Washington-resident anglers are estimated to account for

about 95 percent of all sport fishing for salmon and steelhead in Puget Sound.

As indicated above, the net economic value of the recreational salmon fishery is comprised of the
additional (or net) willingness by anglers to pay to fish for salmon, plus the net income to charter boat
operators, guides, and other businesses that provide goods and services to recreational anglers. Based
on a study of sport fishing for salmon and steelhead in the Pacific Northwest (Olsen et al. 1991), the net
economic value of sport fishing for salmon and steelhead in Puget Sound waters (including tributaries)
was estimated at about $47 per angler day (in 1989 dollars). When adjusted to 2000 dollars using the
consumer price index, this dollar amount is $65 per angler day. Based on the average number of sport

fishing trips (assumed to be equivalent to angler days) taken between 1991 and 2000 (578,000 trips),
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Section 3 — Affected Environment

the annual average net economic value associated with sport fishing for salmon and steelhead in Puget
Sound waters is estimated at $37.6 million. The annual average net income to sport fishing-related
businesses is estimated at $6.5 million, based on angler spending of $35.1 million and an average net
income coefficient (derived from the Impact Model for Planning [IMPLAN] data for the Puget Sound
Region) of 18.4 percent for sport fishing-related businesses. This profit margin overestimates, to a
limited extent, the net income to sport fishing-related businesses because the coefficient used in the
calculation includes sources of income such as rents and dividends that are not directly related to sales

of sport fishing-related goods and services.

In summary, the number of sport fishing trips for salmon and steelhead in Puget Sound waters averaged
about 578,000 trips annually between 1991 and 2000. The number of trips declined sharply over the
10-year period, from 923,700 trips in 1991 to 319,200 in 2000. Chinook and coho salmon are the
primary species caught by sport anglers, and these are predominantly caught in marine waters of Puget
Sound. Anglers who reside in the South Puget Sound/South Hood Canal region caught about 52 percent
of the 2001 sport catch of salmon; anglers who reside in the North Puget Sound region caught about 30
percent of the 2001 sport catch of salmon; anglers who reside in the Strait of Juan de Fuca/North Puget
Sound region caught about 9 percent of the 2001 sport catch of salmon; and persons who live outside
the Puget Sound region caught the remaining 9 percent of the catch. Trip-related spending by sport
anglers fishing for salmon and steelhead in the Puget Sound area is estimated to average about $35.1
million annually between 1991 and 2000. The net benefits to anglers of sport fishing for salmon and
steelhead in the Puget Sound area are estimated to have averaged about $37.6 million annually between
1991 and 2000. Net income to sport fishing-related businesses is estimated to have averaged about $6.5

million annually between 1991 and 2000.

3.6.3 Regional Economic Activity

This section describes the level of economic activity within the Strait of Juan de Fuca/North Hood
Canal region, North Puget Sound region, South Puget Sound/South Hood Canal region, and the action
area as a whole to provide context for evaluating the effects of commercial and sport fishing for salmon
in Puget Sound. Economic activity in these three regions is characterized by levels of industrial output,
employment, and personal income. As shown in Tables 3.6-1 through 3.6-6, economic data are
presented for major industrial sectors and for the individual industrial sectors that would be most
affected by changes in sport fishing activity and commercial fishing/processing that would result from
the Proposed Action or alternatives. Economic conditions are characterized using 2000 data available

from secondary sources through the IMPLAN economic input-output model database (Minnesota
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IMPLAN Group 2002). The underlying sources for the IMPLAN data generally include U.S.
Department of the Census County Business Patterns data, U.S. Department of Labor ES-202 data, and
Bureau of Economic Analysis Regional Economic Information System data (Minnesota IMPLAN
Group 2000).

3.6.3.1 Strait of Juan de Fuca/North Hood Canal Region

Clallam County and Jefferson County border the Strait of Juan de Fuca and North Hood Canal and
comprise this region of the Puget Sound Action Area. As shown in Table 3.6-1, the Strait of Juan de
Fuca/North Hood Canal region generated $3.5 billion in industrial output (i.e., sales of goods and
services) in 2000, which accounted for about 0.9 percent of statewide industrial output. Manufacturing;
services; and finance, insurance, and real estate (FIRE) were dominant within the Strait of Juan de
Fuca/North Hood Canal region sectors, together accounting for 54 percent of total regional output in
2000. Among the specific sectors potentially affected by the Proposed Action or alternatives (Table
3.6-2), the eating and drinking places sector was the largest, generating $102.4 million in revenue in
2000. The commercial fishing and fish/seafood processing (i.e., canned and cured seafood and prepared
fresh or frozen fish or seafood) sectors generated $37.7 million and $15.8 million, respectively, in
output, together representing 1.5 percent of industrial output in the Strait of Juan de Fuca/North Hood

Canal region.

In 2000, employment within the Strait of Juan de Fuca/North Hood Canal region, including full- and
part-time jobs, totaled about 45,500 jobs (Table 3.6-3), representing 1.8 percent of total employment
within the three regions and 1.3 percent of statewide employment. Among major industrial sectors, the
largest employers included the services sector (29.6% of regional employment), and the wholesale and
retail trade sector (20.8%). Among the potentially affected sectors, eating and drinking places provided
6.7 percent of jobs in the Strait of Juan de Fuca/North Hood Canal region, and food stores generated
3.6 percent of jobs in this region (Table 3.6-4). Commercial fishing and fish/seafood processing
generated 449 and 110 jobs, respectively, together accounting for 1.2 percent of employment in the

Strait of Juan de Fuca/North Hood Canal regional economy.

As measured by employee compensation, proprietary income (i.e., payments received by self-employed
persons as income), and other property income (i.e., payments from interest, rents, royalties, dividends,
and corporate profits), the Strait of Juan de Fuca/North Hood Canal region-wide income totaled almost
$1.9 billion in 2000 (Table 3.6-5), with the majority of the income produced by the government, FIRE,

and services sectors. Among the potentially affected sectors, the food stores sector and eating and
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Section 3 — Affected Environment

drinking places sector together accounted for $99.2 million in income, or 5.4 percent of total income
within the Strait of Juan de Fuca/North Hood Canal region (Table 3.6-6).

3.6.3.2 North Puget Sound

The North Puget Sound region includes Whatcom, Skagit, Snohomish, Island, and San Juan counties.
As shown in Table 3.6-1, the North Puget Sound region generated $52.2 billion in industrial output in
2000, which accounted for about 14 percent of statewide industrial output. Manufacturing was the
dominant sector in the North Puget Sound region, producing 39 percent of its total output in 2000.
Among the specific sectors potentially affected by the Proposed Action or alternatives, the eating and
drinking places sector was the largest, generating $1.0 billion in output (Table 3.6-2). The commercial
fishing and fish/seafood processing sectors generated $240.6 million and $270.7 million, respectively,
together representing about 1.0 percent of North Puget Sound regional output. Similar to the Strait of
Juan de Fuca/North Hood Canal region, commercial fishing and processing in the North Puget Sound
region are minor industries relative to the overall level of industrial output within the regional

economy.

In 2000, employment within the North Puget Sound region totaled about 480,800 jobs (Table 3.6-3),
representing 18.6 percent of total employment within the three-region action area and 13.4 percent of
statewide employment. Among major industrial sectors, the largest employers included the services
sector (25.1% of regional jobs), and the wholesale and retail trade sector (21.4%). Among the
potentially affected sectors, eating and drinking places provided 5.9 percent of jobs within the North
Puget Sound region, and the miscellaneous retail sector generated 3.3 percent of regional jobs (Table
3.6-4). Commercial fishing and fish/seafood processing generated 2,373 and 1,696 jobs, respectively,

together accounting for 0.8 percent of North Puget Sound regional employment.

Regionwide, income totaled almost $24.2 billion in 2000 (Table 3.6-5), with the majority of the income
produced by the manufacturing, government, and FIRE sectors. Among the potentially affected sectors,
the service stations and automobile dealers sector and the eating and drinking places sector together
accounted for $1.0 billion in income, or 4.2 percent of total income within the North Puget Sound
region (Table 3.6-6).

3.6.3.3 South Puget Sound/South Hood Canal

Five counties comprise the South Puget Sound/South Hood Canal region: King, Pierce, Thurston,
Mason, and Kitsap. As shown in Table 3.6-1, the South Puget Sound/South Hood Canal region
generated $194.1 billion in industrial output in 2000, representing 52.3 percent of statewide output. The
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Section 3 — Affected Environment

services and manufacturing sectors were dominant within the South Puget Sound/South Hood Canal
region, together accounting for about half of regional output in 2000. Among the specific sectors
potentially affected by the Proposed Action or alternatives, the eating and drinking places sector was
the largest, generating $4.9 billion in output (Table 3.6-2). The commercial fishing and fish/seafood
processing sectors generated $368.2 million and $1.1 billion, respectively, in output, together
representing about 0.7 percent of total Puget Sound regional output. Similar to the Strait of Juan de
Fuca/North Hood Canal and North Puget Sound regions, commercial fishing and processing in the
South Puget Sound/South Hood Canal region are minor industries relative to the overall level of

industrial output within the regional economy.

In 2000, employment within the South Puget Sound/South Hood Canal region totaled nearly 2.1
million jobs (Table 3.6-3), representing 79.6 percent of total employment within the three regions of
the action area, and 57.3 percent of statewide employment. The largest employers among major
industrial sectors included the services sector (32.9% of regional jobs), and the wholesale and retail
trade sector (21.2%). Among the potentially affected sectors, eating and drinking places provided 5.2
percent of regional jobs, and the miscellaneous retail sector generated 4.0 percent of regional jobs
(Table 3.6-4). Commercial fishing and fish/seafood processing generated 3,345 and 5,312 jobs,
respectively, together accounting for 0.4 percent of South Puget Sound/South Hood Canal regional

employment.
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Table 3.6-1. County, regional, and state industrial output by major industrial sector in 2000 (in millions of 2000 dollars).
Finance,
Agriculture, Transportation, Wholesale Insurance
Region/ Forestry Construction Communications | and Retail and Real
County and Fishing | and Mining | Manufacturing and Utilities Trade Estate Services Government Total
Strait of Juan de Fuca/North Hood Canal:
Clallam $71.88 $328.27 $415.20 $116.33 $305.16 $408.86 $402.89 $338.75 $2,387.10
Jefferson $35.84 $149.79 $291.73 $48.43 $100.89 $173.88 $187.42 $103.48 $1,091.46
Total $107.72 $478.06 $706.93 $164.76 $406.05 $582.74 $590.31 $442.23 $3,478.56
North Puget Sound:
Whatcom $448.16 $1,200.06 $4,085.56 $484.51 $1.065.76 $1,081.40 $1,326.03 $484.29 $10,175.77
Skagit $328.11 $730.36 $2,917.95 $350.06 $654.13 $591.01 $734.66 $410.48 $6,716.76
Shohomish $362.01 $3,480.96 $13,133.07 $1,171.81 $3,307.42 $3,855.22 $3,797.15 $2,625.38 $31,733.01
Island $32.68 $311.01 $111.37 $94.47 $225.90 $572.44 $358.71 $1,128.86 $2,835.44
San Juan $26.58 $173.97 $48.41 $55.82 $65.69 $184.93 $156.77 $47.40 $759.55
Total $1,197.54 $5,896.36 $20,296.36 $2,156.67 $5,318.9 $6,285.00 $6,373.32 $4,696.41 $52,220.53
South Puget Sound/South Hood Canal:
King $890.28 $13,526.95 $35,840.25 $16,252.61 $25,882.38 $26,220.05 $45,958.83 $9,925.25 $174,495.60
Pierce $245.30 $3,333.16 $4,796.27 $2,149.89 $4,044.56 $4,498.52 $5,586.95 $5,384.24 $30,038.89
Thurston $186.61 $904.87 $896.60 $566.50 $1,513.75 $1,307.32 $1,737.58 $2,297.11 $9,410.33
Mason $53.86 $166.79 $352.71 $53.40 $149.94 $237.88 $190.21 $217.01 $1,421.79
Kitsap $145.39 $943.97 $372.15 $381.52 $994.76 $1,240.29 $1,739.94 $2,963.14 $8,781.16
Total $1,521.44 $18,875.74 $42,257.98 $19,403.92 $32,585.39 $33,504.06 $55,213.51 $20,786.75 $194,138.92
Three'Renggl $2,826.7 $25,250.16 $63,261.27 $21,725.35 | $38,3120.34 | $40,371.80 |  $62,177.14 | $2592539 | $249,838.01
Statewide $8,216.14 $33,982.75 $84,991.94 $31,118.31 $49,159.25 $50,885.03 $77,160.95 $35,474.86 $370,990.24
Total
Source: Minnesota IMPLAN Group 2002.
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Table 3.6-2. County, regional, and state industrial output by specific industrial sectors in 2000 (in millions of 2000 dollars).
Prepared Service
Canned Fresh or Stations and Eating and Hotels and Amusement
Region/ Commercial | and Cured | Frozen Fish Food Automobile Drinking Miscellaneous Lodging and Recreation
County Fishing Seafood or Seafood Stores Dealers Places Retail Places Services
Strait of Juan de Fuca/North Hood Canal:
Clallam $24.88 $0.66 $10.90 $49.56 $41.98 $67.17 $26.12 $27.15 $25.54
Jefferson $12.79 $0 $4.23 $21.98 $9.96 $35.19 $8.24 $19.15 $5.06
Total $37.67 $0.66 $15.13 $71.54 $51.94 $102.36 $34.36 $46.3 $30.6
North Puget Sound:
Whatcom $69.40 $1.17 $118.72 $147.86 $105.11 $208.50 $78.40 $62.94 $41.59
Skagit $48.89 $16.02 $81.10 $64.65 $144.65 $136.96 $59.96 $26.28 $67.08
Snohomish $105.40 $10.91 $38.89 $353.59 $597.03 $624.97 $269.64 $50.20 $156.06
Island $3.60 $2.78 $1.10 $32.15 $29.79 $55.50 $34.75 $17.14 $5.74
San Juan $13.28 $0 $0 $16.58 $3.11 $19.51 $8.91 $60.97 $5.08
Total $240.57 $30.88 $239.81 $614.83 $879.69 $1,045.44 $451.66 $217.53 $275.55
South Puget Sound/South Hood Canal:
King $235.69 $72.96 $961.79 $1,214.00 $1,429.24 $3,645.79 $3,348.39 $878.50 $656.50
Pierce $36.66 $0 $7.04 $347.09 $655.68 $757.96 $327.75 $79.22 $187.12
Thurston $15.13 $0.37 $3.81 $105.23 $111.45 $191.13 $76.44 $31.30 $59.75
Mason $6.98 $0 $30.23 $25.63 $16.66 $37.86 $7.55 $8.00 $37.64
Kitsap $73.74 $0.34 $0.49 $144.69 $168.13 $238.87 $79.04 $37.91 $43.59
Total $368.20 $73.67 $1,003.36 $1,836.64 $2,381.16 $4,871.61 $3,839.17 $1,034.93 $984.60
ig{:le'Reg'O” $646.44 |  $105.21 $1,25830 | $2,523.01 $331279 | $6,019.41 $4,325.19 $1,298.76 $1,290.75
Statewide
Total $902.14 $122.71 $1,362.10 $3,626.67 $4,575.73 $7,996.43 $5,345.88 $1,950.83 $1,541.24
Source: Minnesota IMPLAN Group 2002.
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Table 3.6-3. County, regional, and state employment® by major industrial sector in 2000.
Finance,
Agriculture, Transportation, | Wholesale | Insurance
Region/ Forestry and | Construction Communicatio | and Retail and Real
County Fishing and Mining | Manufacturing | ns and Utilities Trade Estate Services Government Total
Strait of Juan de Fuca/North Hood Canal:
Clallam 1,275 2,766 2,449 989 6,845 2,252 9,348 6,108 32,032
Jefferson 585 1,329 1,369 246 2,607 958 4,113 2,264 13,469
Total 1,860 4,095 3,818 1,235 9,452 3,210 13,461 8,372 45,501
North Puget Sound:
Whatcom 5,397 9,307 10,227 3,329 21,410 5,647 26,517 11,714 93,549
Skagit 4,826 5,586 6,783 2,073 13,452 3,161 15,247 8,757 59,886
Snohomish 5,570 27,121 56,852 6,885 60,887 19,165 68,042 39,011 283,534
Island 873 2,692 898 501 5,664 2,839 7,840 13,095 34,403
San Juan 570 1,492 305 307 1,638 932 3,092 1,067 9,403
Total 17,236 46,198 75,065 13,095 103,051 31,744 120,738 60,633 480,775
South Puget Sound/South Hood Canal:
King 14,649 08,028 155,447 83,631 317,774 114,394 507,713 165,824 1,457,460
Pierce 5474 26,053 23,541 11,948 71,294 24,311 100,654 74,103 337,378
Thurston 3,133 7,391 4,658 2,874 21,191 6,497 31,246 42,911 119,901
Mason 680 1,422 2,233 447 3,476 1,305 4,553 3,780 17,896
Kitsap 1,898 7,633 2,984 2,363 21,608 6,761 31,760 44,093 119,100
Total 25,834 140,527 188,863 101,263 435,343 153,268 675,926 330,711 2,051,735
lg{:le'Reg'O” 44,930 190,820 267,746 115,593 547,846 | 188,222 810,125 399,716 2,578,011
.Srg?;eIWIde 137,115 261,023 371,402 156,152 762,495 245,736 1,084,962 564,136 3,583,022
Source: Minnesota IMPLAN Group 2002.
! Employment includes full- and part-time jobs.
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Table 3.6-4.  County, regional, and state employment" by specific industrial sectors in 2000.
Prepared Service
Canned Fresh or Stationsand | Eating and Hotelsand | Amusement and
Region/ Commercial | and Cured | Frozen Fish Automobile Drinking Miscellaneous Lodging Recreation
County Fishing Seafood or Seafood | Food Stores Dealers Places Retail Places Services
Strait of Juan de Fuca/North Hood Canal:
Clallam 286 7 74 1,102 714 1,995 911 642 801
Jefferson 163 0 29 531 158 1,056 364 420 203
Total 449 7 103 1,633 872 3,051 1,275 1,062 1,004
North Puget Sound:
Whatcom 779 11 742 2,911 1,715 5,973 2,912 1,155 1,574
Skagit 557 135 485 1,498 1,852 3,812 2,151 573 1,954
Snohomish 843 80 212 7,580 6,844 16,500 9,176 978 4,583
Island 44 24 7 756 405 1,664 1,416 374 244
San Juan 150 0 0 388 54 514 330 1,101 256
Total 2,373 250 1,446 13,133 10,870 28,463 15,985 4,181 8,611
South Puget Sound/South Hood Canal:
King 2,110 491 4,562 21,606 14,468 74,215 65,481 13,040 22,175
Pierce 424 56 7,333 7,317 20,184 10,948 1,535 5,933
Thurston 196 25 2,350 1,469 5,233 2,711 571 1,874
Mason 92 169 574 301 1,109 348 211 1,065
Kitsap 523 3 3,077 2,258 6,605 3,078 801 1,435
Total 3,345 497 4,815 34,940 25,813 107,346 82,566 16,158 32,482
lg{:le'Reg'O” 6,167 754 6,364 49,706 37,555 138,860 99,826 21,401 42,007
_Srg?;eIW|de 9,315 889 7,015 75,619 56,009 194,661 133,101 34,303 52,370
Source: Minnesota IMPLAN Group 2002.
! Employment includes full- and part-time jobs.
Puget Sound Chinook Harvest 3-168 December 2004

Resource Management Plan NEPA Final EIS




Section 3 — Affected Environment

Table 3.6-5. County, regional, and state personal income’ by major industrial sector in 2000 (in millions of 2000 dollars).
Finance,
Agriculture, Transportation, Wholesale | Insurance
Region/ Forestryand | Construction Communications | and Retail and Real
County Fishing and Mining Manufacturing and Utilities Trade Estate Services Government Total
Strait of Juan de Fuca/North Hood Canal:
Clallam $58.75 $117.00 $151.82 $49.44 $180.06 $247.40 $221.22 $288.63 $1,314.32
Jefferson $23.38 $48.50 $89.34 $25.89 $58.38 $106.15 $92.28 $92.16 $536.05
Total $82.13 $165.5 $241.16 $75.33 $238.44 $353.55 $313.50 $380.79 $1,850.37
North Puget Sound:
Whatcom $167.30 $472.98 $778.74 $218.26 $618.56 $651.13 $747.19 $421.89 $4,076.24
Skagit $166.43 $190.71 $526.55 $154.03 $380.02 $356.08 $433.05 $365.09 $2,888.42
Snohomish $205.63 $1,365.10 $4,070.20 $552.80 $1,937.45 $2,322.69 $2,172.78 $2,217.95 $14,844.58
Island $20.50 $104.93 $43.79 $47.74 $132.57 $354.45 $190.23 $1,075.12 $1,969.34
San Juan $22.33 $59.60 $16.16 $27.40 $39.92 $113.03 $80.83 $40.86 $400.13
Total $582.19 $2,193.32 $5,435.44 $1,000.23 $3,108.52 $3,797.38 $3,624.08 $4,120.91 | $24,178.71
South Puget Sound/South Hood Canal:
King $613.02 $5,691.66 $12,399.57 $8,161.81 | $14,965.09 | $15,866.53 | $31,608.10 $8,418.53 $97,724.30
Pierce $166.07 $1,300.58 $1,607.93 $959.54 $2,338.59 $2,651.81 $3,299.57 $4,757.66 | $17,081.74
Thurston $88.11 $335.22 $287.89 $277.29 $923.54 $794.75 $1,025.08 $2,179.09 $5,910.96
Mason $25.46 $57.55 $128.80 $24.64 $87.88 $146.51 $107.87 $176.72 $755.43
Kitsap $112.10 $353.18 $130.52 $191.91 $588.59 $747.46 $963.30 $2,823.69 $5,910.74
Total $1,004.76 $7,738.19 $14,554.71 $9,615.19 | $18,903.69 | $20,207.06 | $37,003.92 $18,355.69 | $127,382.17
ig{:le'Reg'O” $1,660.08 |  $10,097.01 $20,231.31 $10,600.75 | $22,25065 | $24,357.99 | $40,94150 | $22,857.39 | $153,411.25
Statewide
Total $4,175.18 $13,435.35 $26,996.56 $14,959.04 | $28,509.56 | $30,744.60 | $49,595.20 $30,217.67 | $198,633.15
Source: Minnesota IMPLAN Group 2002.
! Personal income includes employee compensation, proprietor income, and other property income.
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Table 3.6-6.  County, regional, and state personal income’ by specific industrial sectors in 2000 (in millions of 2000 dollars).

Prepared Service
Canned Fresh or Stations and Hotels and Amusement
Region/ Commercial | and Cured | Frozen Fish Automobile Eating and Miscellaneou Lodging and Recreation
County Fishing Seafood or Seafood Food Stores Dealers Drinking Places S Retail Places Services
Strait of Juan de Fuca/North Hood Canal:
Clallam $22.60 $0.04 $1.44 $37.15 $25.04 $29.96 $16.39 $14.05 $14.091
Jefferson $11.63 $0.00 $0.51 $16.48 $5.94 $15.60 $5.17 $10.07 $2.83
Total $34.23 $0.04 $1.95 $53.63 $30.98 $45.56 $21.56 $24.12 $17.74
North Puget Sound:
Whatcom $24.91 $0.18 $22.45 $110.85 $62.69 $95.01 $49.18 $34.16 $23.50
Skagit $44.40 $3.22 $17.79 $48.47 $86.27 $63.42 $37.62 $13.83 $39.60
Snohomish $95.50 $3.24 $10.89 $265.09 $356.07 $297.54 $169.15 $26.98 $92.02
Island $3.28 $0.49 $0.25 $24.10 $17.76 $24.62 $21.80 $9.02 $3.16
San Juan $12.06 $0.00 $0.00 $12.43 $1.86 $9.30 $5.59 $33.18 $2.69
Total $180.15 $7.13 $51.38 $460.94 $524.65 $489.89 $283.34 $117.17 $160.97
South Puget Sound/South Hood Canal:
King $213.68 $25.20 $347.16 $910.16 $852.41 $1,936.09 $2,100.67 $491.64 $378.69
Pierce $33.30 $0.00 $1.70 $260.22 $391.05 $359.28 $205.61 $42.61 $109.06
Thurston $13.76 $0.09 $0.55 $78.89 $66.47 $89.29 $47.96 $17.01 $34.89
Mason $6.35 $0.00 $7.97 $19.22 $9.94 $17.03 $4.74 $4.04 $22.31
Kitsap $105.07 $0.05 $0.07 $108.48 $100.27 $111.01 $49.58 $20.08 $25.25
Total $372.16 $25.34 $357.45 $1,376.97 $1,420.14 $2,512.70 $2,408.56 $575.38 $570.20
ig{:le'Reg'O” $586.54 $32.51 $410.78 | $1,80154 |  $1975.77 $3,048.15 $2,71346 |  $716.67 $748.91
_Srg?;eIW|de $818.70 $37.04 $428.19 $2,718.95 $2,728.99 $3,956.59 $3,353.77 $1,066.14 $888.12

Source: Minnesota IMPLAN Group 2002.
! Personal income includes employee compensation, proprietor income, and other property income.
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Section 3 — Affected Envrionment

Total income within the South Puget Sound/South Hood Canal region was almost $127.4 billion in
2000 (Table 3.6-5), with the majority produced by the services, FIRE, and wholesale and retail trade
sectors. Among the potentially affected sectors, the eating and drinking places sector and the
miscellaneous retail sector together accounted for $4.9 billion in income, or 3.9 percent of total income
within the South Puget Sound/South Hood Canal region (Table 3.6-6).

3.6.3.4 Three-Region Summary

Together, the three regions (Strait of Juan de Fuca/North Hood Canal, North Puget Sound, and South
Puget Sound/South Hood Canal) generate a substantial portion of Washington’s total industrial output.
Led by the manufacturing and services sectors, the three regions generated a total of $249.8 billion in
output in 2000, accounting for more than two-thirds of the statewide total (Table 3.6-1). Among the
sectors potentially affected by the Proposed Action or alternatives within the three-region action area,
the eating and drinking places sector was the largest in the year 2000, generating $6.0 billion in output,
representing 75.3 percent of the sector’s statewide output (Table 3.6-2). The commercial fishing sector
in the three-region action area generated output valued at $646.4 million, representing 71.7 percent of
the statewide total, and the area’s fish/seafood processing sector produced $1.3 billion in output, or

91.8 percent of the state’s total output for that sector.

Industries within the three-region action area provided about 2.6 million jobs in 2000, accounting for
72.0 percent of Washington’s total employment (Table 3.6-3). The leading major employment sector
within the three-region area was the services sector, generating 31.4 percent of all jobs within the three-
region area. Within the employment sectors potentially affected by the Proposed Action or alternatives,
key employment sectors include the eating and drinking places sector, producing 5.3 percent of total
jobs within the three-region action area, and the miscellaneous retail sector, generating 3.9 percent of
jobs (Table 3.6-4). Commercial fishing within the three-region action area provided 6,167 jobs in 2000,
an amount that represented two-thirds of statewide commercial fishing jobs. The fish/seafood
processing sector within the three-region action area produced 7,128 jobs, or 90.2 percent of the state’s

total fish/seafood processing jobs.

The three-region action area generated $153.4 billion in income in 2000, with the services, FIRE, and
government sectors producing the majority of the income (Table 3.6-5). Income generated within the
three-region action area accounted for 77.2 percent of statewide income. For the potentially affected
sectors, eating and drinking places and miscellaneous retail businesses together generated 3.8 percent

of total income within the three-region action area.
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In summary, the three regions in the Puget Sound Action Area (Strait of Juan de Fuca/North Hood
Canal, North Puget Sound, and South Puget Sound/South Hood Canal) account for 67 percent of
statewide output of goods and services (industrial output). The Strait of Juan de Fuca/North Hood
Canal region accounts for 1.8 percent of the employment within the three-region action area.
Manufacturing, services, and the FIRE sector are the major sectors within the Strait of Juan de
Fuca/North Hood Canal region; the commercial fishing and fish/seafood processing sectors comprise
about 1.5 percent of the industrial output of the Strait of Juan de Fuca/North Hood Canal region. The
North Puget Sound region accounts for 18.7 percent of the employment within the three-region action
area. Manufacturing is the dominant sector within the North Puget Sound region, accounting for 39
percent of the region’s industrial output; the commercial fishing and fish/seafood processing sectors
comprise about 1.0 percent of the industrial output of the North Puget Sound region. The South Puget
Sound/South Hood Canal region accounts for 79.6 percent of the employment within the three-region
action area. The services and manufacturing sectors are the major sectors within the South Puget
Sound/South Hood Canal region; the commercial fishing and fish/seafood processing sectors comprise

about 0.7 percent of the industrial output of the South Puget Sound/South Hood Canal region.

Puget Sound Chinook Harvest 3-172 December 2004
Resource Management Plan NEPA Final EIS



w

© oo ~ o O b

10
11
12
13
14

15
16
17
18

19
20
21
22
23

24
25
26
27

28

29
30

Section 3 — Affected Environment

3.7 Environmental Justice
3.7.1 Background
Executive Order 12898 signed February 11, 1994, requires each Federal agency to:

. make achieving environmental justice part of its mission by identifying and addressing, as
appropriate, disproportionately high and adverse human health or environmental effects of its
programs, policies, and activities on minority populations and low-income populations.

U.S. Environmental Protection Agency (1998a).
The presidential memorandum to all federal agencies accompanying the Executive Order established
that the U.S. Environmental Protection Agency (EPA), “when reviewing environmental effects of the
proposed action of other Federal agencies under Section 309 of the Clean Air Act, 42 U.S.C. section
7609, shall ensure that the involved agency has fully analyzed environmental effects on minority
communities and low-income communities, including human health, social and economic effects.” To
assist other federal agencies to fully comply with this Executive order, EPA has prepared guidance for

conducting Environmental Justice analyses.

The U.S. Environmental Protection Agency, working with the Enforcement Subcommittee of the
National Environmental Justice Advisory Council (NEJAC), has developed technical guidance for
conducting Environmental Justice assessments, in order to achieve consistency between analyses. That

1998 guidance provides the basis for the assessment presented here.

An Environmental Justice analysis is intended to determine potential human health or environmental
effects that could have significant and disproportionate adverse effects on low-income and/or minority
populations potentially impacted by proposed federal actions. The Environmental Justice analysis
should also determine whether such populations or communities have been sufficiently involved in the

decision-making process.

The Environmental Justice discussion in this assessment is presented in three parts: a description of
methodology; a discussion of opportunities for minority self-identification and involvement in the
decision-making process; and resultant conclusions concerning a baseline for Environmental Justice

assessment.

3.7.2  Methodology
The methodology employed here considers the range of analytical procedures identified in the U.S.

Environmental Protection Agency’s Environmental Justice guidelines, and the particular circumstances
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Section 3 — Affected Environment

of the present assessment, then selects an appropriate methodology from within the guidance
framework provided by the NEJAC.

3.7.2.1 Establish the Target Area

A target area is the geographical study area that is potentially affected by the Proposed Action or
alternatives analyzed in this Environmental Impact Statement. For this assessment, the target area is
defined by the counties that border Puget Sound and the Strait of Juan de Fuca, and is synonymous
with the Puget Sound Action Area discussed elsewhere in this Environmental Impact Statement. These

12 counties are shown on Figure 3.2-2, and include:

Clallam Snohomish Pierce
Jefferson Island Thurston
Whatcom San Juan Mason
Skagit King Kitsap

3.7.2.2 ldentify the Population Areal Unit

A population areal unit is the geopolitical unit containing populations which in aggregate are used to

define the target area. For this analysis, the population areal unit used is each county.

3.7.2.3 Identify the Target Population

In this assessment, a target population includes the potentially affected residents of each county within
the target area. Because this Environmental Impact Statement analyzes alternative plans for
management of salmon harvest in Puget Sound and the Strait of Juan de Fuca, the primary target
populations for analysis will be non-tribal commercial, sport and tribal fishermen harvesting these
stocks. Once salmon are landed, there may also be secondary effects on associated peoples within the

target area.

3.7.2.4 Identify the Reference Area

A reference area is the area used as a benchmark of comparison when determining whether a target
area would suffer from disproportionate effect(s) to its identified minority or low-income populations.
The reference area for the Environmental Justice analysis in this assessment is the State of

Washington.

3.7.2.5 Define Disproportionate Effect
A disproportionate effect is an incidence (or prevalence) of an effect, a risk of an effect, or likely
exposure to environmental hazards that would potentially cause adverse effects on a minority and/or

low-income population that significantly exceeds that experienced by a comparable reference
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Section 3 — Affected Environment

population. U.S. Environmental Protection Agency guidelines with respect to measurement of

significance are applied to identified effects in Section 4.7 of this assessment.

3.7.2.6 ldentify Environmental Justice Area(s) of Concern

An Environmental Justice Area of Concern is defined as a target area that has been demonstrated to
experience disproportionate effects and has a significant minority or low-income population relative to

an appropriate reference area.

A Potential Environmental Justice Area of Concern is a target area that contains a significant minority

and/or low-income population, but the existence of disproportionate effects has not yet been shown.

3.7.3  Public Outreach to Identify Significant Minority and/or Low-Income Groups

As part of the public scoping process for an Environmental Impact Statement on the 2604-Resource

Management Plan_that is proposed for implementation during the 2005-2009 fishing seasons, the

National Marine Fisheries Service (NMFS) attempted to directly notify the potential target populations
for this assessment: non-tribal commercial, sport and tribal fishermen. NMFS contacted local sport and
commercial fishing organizations, magazines and newsletters by email, facsimile (FAX), or telephone
to notify them that public comment was being sought. In this way, a diverse population located over a

broad geographic area was reached quickly and efficiently.

Representatives of the Puget Sound treaty tribes are actively participating as members of the team
tasked with completing the Environmental Impact Statement on the 2003 Resource Management Plan,

and the Environmental Impact Statement on the 2084-fishing plan_that is proposed for implementation

during the 2005-2009 fishing seasons. Tribal representatives provided information necessary for the

Environmental Impact Statement and document review, and sought input from the broader tribal

communities.

3.7.4 Low Income Populations

U.S. Environmental Protection Agency guidelines offer a range of measures useful for identification of
low-income populations. This analysis identifies potential low-income populations by comparing
percentages of persons below the poverty threshold in each targeted county against a U.S.
Environmental Protection Agency-recommended absolute threshold of 20 percent or more below the
poverty level, based on U.S. Bureau of the Census data (U.S. Environmental Protection Agency

1998a). U.S. Environmental Protection Agency guidance notes:

Puget Sound Chinook Harvest 3-175 December 2004
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An advantage of using the poverty thresholds as benchmarks for low-income status is that
associated data adhere to Federal statistical standard.

U.S. Environmental Protection Agency (1998a).

Poverty percentages for target counties from the U.S. Bureau of the Census are provided in Table 3.7-1.

Table 3.7-1.  Percentage of persons below the poverty level, by county, within the target area.

County Percent of Persons Below
Poverty Level 1
Clallam 12
Jefferson 11
Island 7
San Juan 9
Whatcom 14
Skagit 11
Snohomish
King
Pierce 10
Thurston 9
Mason 12
Kitsap 9

! Developed from U.S. Census 2000, Summary File 3.

None of the target counties identified in Table 3.7-1 exhibit poverty levels equal to or greater than 20

percent.

3.7.5 Racial Minorities
U.S. Environmental Protection Agency guidance has recommended that a-minority populations in the
State of Washington be determined significant if they# represents 15.72 percent or more of the

population for any specified population areal unit within a target area (E.O. 12898; U.S.

Environmental Protection Agency 1998a). Data on racial minorities, by target county, are presented in
Table 3.7-2.
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Table 3.7-2.  Percentage of minority persons by county, by race, within the target area. *
Native
Black/ American Hawaiian
African Indian/Alaska Pacific
County American Native Asian Islander Other Total
Clallam 1 5 1 - 1 8
Jefferson - 2 1 - - 3
Island 2 1 4 - 2 9
San Juan - 1 - - 1 2
Whatcom 1 3 3 - 3 10
Skagit - 2 1 - 7 10
Snohomish 2 1 6 - 2 11
King 5 1 11 - 3 19
Pierce 7 1 5 1 2 16
Thurston 2 2 5 1 2 12
Mason 1 4 1 1 2 9
Kitsap 3 1 5 1 2 12

! Developed from U.S. Census 2000, Summary File 3.

Nene-of the-counties-identified-in-According to Table 3.7-2, King and Pierce counties exceed the state

minority criteria—sentnin—raenl—minortes—thotouelin—ortrgetod=nviroamenin Hustiec—anolysis:
based-on-the-criteria-identified-abeve: of 15.72 percent of the county population.

fishing-related inquiries were conducted, to determine whether significant minority salmon-fishing

groups might be distributed across counties within the target area as a whole_and might require targeted

Environmental Justice analysis.

First, expert opinion regarding the possible prevalence of significant non-tribal racial minorities among
salmon fishermen in the target area was sought through literature search and oral inquiry. U.S. Fish and
Wildlife Service survey data, collected in 1996, indicate that 91 percent of resident sport anglers in the
State of Washington are white, “other races” represent 8 percent, and participation in sport fishing by
African-Americans was not significant enough for reliable tabulation (U.S. Fish and Wildlife Service
1998). These findings are generally consistent with national angling characteristics (U.S. Fish and
Wildlife Service 2000).
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Section 3 — Affected Environment

Experts from federal and state agencies responsible for management of commercial non-tribal salmon
fisheries in the target area were also contacted. They indicated that they did not collect data on race of
fishermen, and knew of no substantial aggregations of minority fishermen in the state, with the
exception of Indians (personal communication with Jim Segar, Pacific Marine Fisheries Council, and
Lee Hoines, Washington Department of Fisheries and Wildlife, December 2002). (Also Subsection
3.7.3, above.)

Based on these inquiries, NMFS concluded, and EPA concurred (personal communication with Mike

Letourneau, EPA, July 1, 2004), that non-tribal minority impacts would not be disproportionate in the

counties within the target area.

In the second area of inquiry, Indian tribes were specifically identified as having significant status

under Environmental Justice proceedings. Their status is discussed below in Subsection 3.7.6.

3.7.6 Indian Tribes

U.S. Environmental Protection Agency guidance regarding Environmental Justice extends beyond

statistical threshold analysis to explicitly consider Environmental Justice effects on Indian tribes.

Federal duties under the Environmental Justice E.O. (“Executive Order”), the Presidential directive
on government-to-government relations, and the trust responsibility to Indian tribes may merge
when the action proposed by a federal agency or EPA potentially affects the natural or physical
environment of a tribe. The natural or physical environment of a tribe may include resources
reserved by treaty or lands held in trust; sites of special cultural, religious or archaeological
importance, such as sites protected under the National Historic Preservation Act or the Native
American Graves Protection and Repatriation Act; other areas reserved for hunting, fishing, and
gathering (usual & accustomed), which may include “ceded” lands that are not within reservation
boundaries. Potential effects of concern . . . may include ecological, cultural, human health,
economic, or social impacts when those impacts are interrelated to impacts on the natural or
physical environment.

U.S. Environmental Protection Agency (1998b).
Seventeen treaty tribes have ongoing treaty-based fishing activities within the target area that may be
potentially affected by the Proposed Action or alternatives considered in this assessment. Two
additional tribes are federally-recognized and demonstrate historic linkages with fisheries.
Consequently, tribal effects will be a specific focus of the Environmental Justice analysis provided in
Section 4.7. The 17 treaty tribes, together with the county in which their reservations are located, are
presented in Table 3.7-3. Fishing activities of these tribes often extend more broadly, due to treaty-
based usual and accustomed fishing areas sometimes located at a distance from reservation lands. The

term usual and accustomed is contained in the treaties between the United States and the 17 treaty
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fishing tribes considered in this assessment (see Subsection 3.4.4 of this Environmental Impact
Statement).
Usual and accustomed places (are) Those areas in, on and around the freshwater and saltwater
areas within the Western District of Washington, which were understood by the Indian parties to

the Stevens treaties to be embraced within the treaty terms “usual and accustomed” “grounds,”
“stations” and “places.”

United States v. Washington (1974).

The two additional federally-recognized tribes are also identified in the table.

General information respecting these tribes and their use of the salmon resource is presented in

Subsections 3.4 and 3.5 of this Environmental Impact Statement.

Table 3.7-3.  Tribes considered in the environmental justice analysis.

Tribe County Location of
Reservation
Treaty Fishing Tribes:
Makah Clallam
Lower Elwha Clallam
Jamestown Clallam
Port Gamble Jefferson
Suquamish Kitsap
Skokomish Mason
Squaxin Island Mason
Nisqually Thurston
Puyallup Pierce
Muckleshoot King
Tulalip Snohomish
Stillaguamish Snohomish
Swinomish Skagit
Upper Skagit Skagit
Sauk Suiattle Skagit
Lummi Whatcom
Nooksack Whatcom
Additional Federally-Recognized Tribes:
Samish Whatcom/ Island
Snoqualmie King
Puget Sound Chinook Harvest 3-179 December 2004
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Section 3 — Affected Environment

3.8 Wildlife

This affected environment section includes descriptions of the marine wildlife and benthic invertebrate
resources important in predicting impacts that could occur as a result of the Proposed Action or
alternatives. This section focuses primarily on the seabird and marine mammal species that are known
or thought to be directly or indirectly impacted by commercial fisheries, but also provides a succinct
overview of all wildlife resources that might be encountered by any Puget Sound commercial and sport

fishery. Important information gaps are identified.

3.8.1 Marine Habitats

The diversity and distribution of marine wildlife in Puget Sound and the Strait of Juan de Fuca are
strongly influenced by the distribution of marine habitats, and nearshore terrestrial habitats that provide
substrate for resting or breeding. These habitat types in Puget Sound have been variously classified
depending on the intended use of the system. Buchanan et al. (2001) developed a classification more
reflective of the distribution and composition of marine organisms. Buchanan et al. (2001) recognizes
estuarine habitat as tidal flats and river mouths like Padilla Bay and mouth of the Nooksack River.
Nearshore marine habitats include the marine areas of Puget Sound between high tide and the end of
the photic zone (66 feet depth), and inland marine deeper water as waters greater than 66 feet deep.
Further, Buchanan et al. (2001) classified the deeper water of the Strait of Juan de Fuca west of a line
from the mouth of the Elwha River north to Race Rocks on the southeastern tip of Vancouver Island
(see Figure 3.3.14) as marine shelf due to the influence of oceanic currents on the western half of the
strait. While Buchanan et al. (2001) are not the only scientists to develop a habitat classification system
(e.g., Dethier 1990), this classification system was developed specifically for determining habitat
relationships of wildlife inhabiting Oregon and Washington (Johnson and O’Neill 2001); therefore, it is

the system followed in this assessment.

The inland marine deeper water habitat comprises nearly 2 million acres in Puget Sound and the Strait
of Juan de Fuca. At least 63 species of marine birds and marine mammals are known to frequent this
habitat zone, although 40 percent are found only during the winter (Johnson and O’Neill 2001). The
seabirds most closely associated with this habitat include white-winged/black scoters,
Bonaparte’s/Heermann’s/Thayer’s/glaucous-winged/glaucous gulls, pigeon guillemots, common
murres, rhinoceros auklets, tufted puffins, marbled/ancient murrelets, Brandt’s/double-crested/pelagic
cormorants, western/Clark’s grebes, and Pacific/common/red-throated loons (Table 3.8-1), most of
which reach their highest abundance during the winter months (Angell and Balcomb 1982; and

Nysewander et al. 2001a; Table 3.8-2) when most commercial salmon fishing has concluded. This zone
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Section 3 — Affected Environment

also provides foraging habitat for seven species of marine mammals: harbor seal, California sea lion,
Steller sea lion, harbor porpoise, Dall’s porpoise, minke whale, and killer whale (Johnson and O’Neill
2001; Table 3.8-1).

The marine shelf habitat of the western half of the Strait of Juan de Fuca generally supports the same
marine mammals found in inland marine deeper water. The proximity of these waters to the open ocean
allows the intrusion of more open ocean species such as humpback whales and Pacific white-sided
dolphins (Table 3.8-1). The seabirds most commonly found in this habitat type within the strait include
Pacific loon, western/Clark’s grebe, northern fulmar, sooty/short-tailed shearwater, red-necked/red
phalarope, Thayer’s/western/glaucous-winged/Sabine’s gull, black-legged Kittiwake, common/Arctic
tern, common murre, Cassin’s/rhinoceros auklet, and tufted puffin (Nysewander et al. 2001a; Table
3.8-1).

The marine nearshore habitat comprises nearly the entire shoreline of Puget Sound, Hood Canal, San
Juan Islands, Strait of Juan de Fuca, and Strait of Georgia. About 75 species of marine birds are
associated with this habitat, including nearly all the same species found in deeper water habitat.
Important additions to the avian assemblage in this habitat include red-necked grebes, brown pelicans,
surf scoters, red-breasted mergansers, mew/herring gulls, and Caspian/common terns (Table 3.8-1).
The marine mammals most commonly associated with this habitat type are the sea lions, harbor seal,
and—harbor porpoise, minke whale, killer whale and humpback whale.—Resident—gray—whales—and

WHHEHRO-SEa—0tHe aH—e+otHa—-4 AEAESte a0 Ae a O bah—Ge tGa Both rESident and

migratory gray whales occur from Cape Flattery to Port Townsend, and sea otters can be found in

marine nearshore habitat in the Strait of Juan de Fuca from Cape Flattery to Pillar Point.
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1 | Table 3.8-1._ Presence and association of marine birds and mammals with the marine habitats of
2 Puget Sound.

Bays and Inland Marine Marine Marine
Species Estuaries Deeper Waters Nearshore Shelf

Loons
Red-throated Loon
Pacific Loon
Common Loon
Grebes
Horned Grebe
Red-necked Grebe
Eared Grebe
Western/Clarke's Grebe
Fulmars and Shearwaters
| Northern Fulmar
Sooty Shearwater . . .
Short-tailed Shearwater
Pelicans
| Brown Pelican
Cormorants
Double-crested Cormorant
Brandt's Cormorant
Pelagic Cormorant
Geese/Swans
Snow Goose
Canada Goose
Brant
Tundra Swan
Trumpeter Swan
Dabbling Ducks
Northern Pintail
American Wigeon
Mallard
Green-winged Teal
Gadwall
Sea Ducks
Greater Scaup
Lesser Scaup
Harlequin Duck
Long-tailed Duck
Black Scoter
Surf Scoter
White-winged Scoter
| Common Goldeneye
| Barrow's Goldeneye
| | Bufflehead

* * .
* * *
* * *
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Table 3.8-1. Presence and association of marine birds and mammals

Puget Sound (continued).

with the marine habitats of

Species

Bays and
Estuaries

Inland Marine
Deeper Waters

Marine
Nearshore

Marine
Shelf

Mergansers

Common Merganser

*

Red-breasted Merganser

*

Osprey

Osprey

Eagles

Bald Eagle

Oystercatcher

Black Oystercatcher

Phalaropes

Red-necked Phalarope

Red Phalarope

L 4R 4

Gulls

Bonaparte’s Gull

Heermann's Gull

Mew Gull

Ring-billed Gull

California Gull

Herring Gull

Thayer's Gull

Western Gull

Glaucous-winged Gull

Glaucous Gull

L 48 2R 48 4K 4K 4K 2K 4K 4K 4

L 48 JRAE JRARARIRAL 4L 2

Sabine’s Gull

Black-legged Kittiwake

MR 2K 4K 4K 28 JRIRAR 4L 4K 2

g s

Terns

Caspian Tern

Elegant Tern

Common Tern

Arctic Tern

Ik 48 4K 2

LR 4R 4K 2

Alcids

Common Murre

Pigeon Guillemot

Marbled Murrelet

Ancient Murrelet

Cassin’s Auklet

Rhinoceros Auklet

Tufted Puffin

L 45 JRAE 4K 4K 4R 2

MRIRAE 4L 4K 2K 2

L 4K 48 2K ARIRAE JEE 2L 4
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Table 3.8-1. Presence and association of marine birds and mammals with the marine habitats of

Puget Sound (continued).

Species

Bays and
Estuaries

Inland Marine
Deeper Waters

Marine
Nearshore

Marine
Shelf

Marine Mammals
Pinnipeds

Steller Sea Lion

California Sea Lion

Harbor Seal

0’00

K 48 4K 2

Northern Elephant Seal

L 4L JR3K 2

Otter

Sea Otter

River Otter

&

o | @

Baleen Whales

Minke Whale

Gray Whale

L 48

Fin Whale

Humpback Whale

Toothed Whales and Dolphins

Killer Whale

Pacific White-sided Dolphin

Short-finned Pilot Whale

Risso's Dolphin

Harbor Porpoise

Dall's Porpoise

L 4L SR B RE 2

L 4K JREE 4 2K K 4K 4K 4R

Source: Johnson and O'Neill 2001

Present ¢ Generally Associated ¢  Closely Associated ¢
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Table 3.8-2.

Seasonal abundance of birds and marine mammals in Puget Sound.
g1 5|5/2|5/8|2/8|8 8|82
Marine Birds
Loons . . . . . o | & | & | o
Grebes S T R R R B A IR IR Y R
Shearwaters . . . . . .
Fulmars . . . . . . R .
Pelicans . . . .
Cormorants * . . . . . s | | & | o B .
Herons B B . . - e | o | 0| 6| o] | o
Geese/Swans . BEERIE IR AR AR 2K
Dabbling Ducks SR EEEEEEEREE 2R 2K 2R 2K 2K
Bay Ducks AR dl AR IR 2R A
Sea Ducks R REE AR AR R 2R K,
Mergansers . BEARERAR IR 2R AR 2K
Osprey . . . . . . . . . . . .
Eagles s s s S s s * 0 0 . V'S .
Oystercatcher . . S . . . . . . . . .
Phalaropes . . . o | o | o . R
Gulls . BEREEERE ZR EE R EE SR R
Terns D . . . o | & | o . . R
Alcids Y IR IR T Y e R R R
Marine Mammals

Harbor Seal % % L R B 4 % % % % % % %
Elephant Seal R S IR A IS o IS S I R I N BN RS 4
California Sea Lions & ’ ’ R R e % % % % **
Steller Sea Lions : : : . . U . . : . . .
Minke Whale . e @ @ @ | & . . R . R P
Gray Whale ¢ |20 Q@] | - . | e | e | e
Harbor Porpoise || ||| OO OO |G|
Dall's Porpoise e | e | @ | @ | @ | o | o | o | o | | o |
Killer Whale . | 2|2 i i ARSI IR R R

Sources: Angell and Balcomb 1982;-and Nysewander et al. 2001a and personal communication with
Steve Jeffries, WDFW, Research Scientist, July 30, 2004.

Occasional -«

Common «

Very Common

Abundant ¢

Puget Sound Chinook Harvest
Resource Management Plan NEPA Final EIS

3-185

December 2004



g B~ W N B

© 00 N O

10
11
12

13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30

Section 3 — Affected Environment

Based solely on the importance of estuarine tidal flats to wintering and migrating waterfowl and
shorebirds, this habitat ranks as one of the richest and most diverse in the state of Washington. Some of
the most prominent species include the double-crested cormorant, great blue heron, American wigeon,
northern pintail, snow goose, sanderling, western sandpiper, several species of gulls, osprey, and bald

eagle (Table 3.8-1). Harbor seals commonly forage in the tidal channels.

3.8.2 Marine Birds

The breeding seabird population in the United States” waters of Puget Sound and the Strait of Juan de
Fuca comprises about 38,000 pairs. More than 90 percent of these birds are rhinoceros auklets,
glaucous-winged gulls (or intergrades with western gulls), and pigeon guillemots. The only other
breeding seabirds are double-crested and pelagic cormorants, marbled murrelets, and a very few tufted
puffins (Speich and Wahl 1989). These birds, plus variable numbers of non-breeding common murres

and Brandt’s cormorants, comprise the summer (June-August) seabird community (Table 3.8-2).

The winter marine bird community is dramatically larger with the influx of tens of thousands of scaups,
dabbling ducks, western grebes, common murres, scoters, and loons (Table 3.8-2). Manuwal et al.
(1979) and Wahl et al. (1981) estimated that 200,000 common murres alone migrated into
Washington’s inland waters in September 1978, although those numbers may be considerably less

today (Nysewander et al. 2001a).

3.8.2.1 Rhinoceros Auklet

Rhinoceros auklets are one of the few seabirds that breed within the inland waters of Washington.
Speich and Wahl (1989) estimated that approximately 34,000 of these birds nest annually at Protection
Island, and about 2,500 nest on nearby Smith Island in the eastern end of the Strait of Juan de Fuca (see
Figure 3.3-14 in Subsection 3.3 of this Environmental Impact Statement). Survey efforts by
Nysewander et al. (2001a) (based on summer aerial surveys) suggest the summer population of
rhinoceros auklets has gradually declined since Speich and Wahl’s 1978 to 1982 colony surveys.
During the summer (July), rhinoceros auklets are generally confined to deeper water regions of the
northern two-thirds of greater Puget Sound (mainly Marine Catch Areas 6, 7, and 9; Figure 3.3-1),
within 30 to 50 miles of the Protection Island and Smith Island breeding colonies. Rhinoceros auklets
are especially abundant near offshore banks and tide-rips where they forage mainly on Pacific
sandlance and Pacific herring (Leschner 1976). Pierce et al. (19946) found that 92 percent of the 2,383

rhinoceros auklets recorded during August 1994 surveys in the San Juan Islands were located more
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than 2,000 feet from the nearest shoreline. Localized densities of 381 birds per square mile have been
recorded (WDFW 2002).

By winter, most rhinoceros auklets have migrated out of greater Puget Sound, likely to Washington’s
outer coast (Angell and Balcomb 1982). Some, however, overwinter in south Puget Sound (Paulson
1980 as cited in Angell and Balcomb 1982).

Rhinoceros auklets have been incidentally entangled in purse seine nets during the Puget Sound coho
fishery (Anderson 1993), and in gillnets in the Puget Sound sockeye/pink salmon fishery (Wolf et al.
19956; Thompson et al. 1998; and Melvin et al. 1999). The 1994 non-treaty sockeye gillnet fishery
entangled an estimated 787 rhinoceros auklets in Marine Catch Areas 7 and 7A (Wolfe et al. 1995).
Thompson et al. (1998) determined that 79 percent of the rhinoceros auklets confirmed Killed in the
1993 and 1994 sockeye and chum fisheries in Marine Catch Areas 7, 7A, 10, 11, and 12 were hatch-
year (i.e., born that year; 63%) or subadult (i.e., non-breeding; 16%) birds, likely originating from the
Protection Island and Smith Island colonies. The large percentage of hatch-year birds probably reflects
the high number of these young birds on the water at the peak of the sockeye fishery (Wilson and
Manuwal 1986; and Thompson et al. 1998).

3.8.2.2 Common Murre

Common murres do not nest within Washington’s inland waters, although a few non-breeders can be
found in the summer (WDFW 2002). They are, however, the predominant winter alcid in the greater
Puget Sound area, with tens of thousands of birds originating from the Oregon and Washington outer
coasts. Manuwal et al. (1979) and Wabhl et al. (1981) estimated that 200,000 birds entered the Strait of
Juan de Fuca in September 1978. Most of these birds, however, were gone by November, likely
moving north through the Strait of Georgia (although about 80,000 remained through the winter).
Hamel and Parrish (2001) radio-tracked Tatoosh Island murres and found them to move inland to the
eastern end of the Strait of Juan de Fuca where, presumably, food resources are more predictable and
waters more calm than the outer coast. Surveys conducted by Wahl et al. (1981) in 1978-1979
indicated that the most important winter habitat for murres occurs throughout the Strait of Juan de
Fuca, through Rosario Strait, to the Strait of Georgia (Marine Catch Areas 4, 5, 6, and 7; Figure 3.3-
14). Aerial surveys conducted between 1992 and 1999 (Nysewander et al. 2001a) found similar results
for wintering common murres with the exceptional note of high murre concentration on the British
Columbia side of the Strait of Juan de Fuca near Victoria, and relatively high densities in Admiralty

Inlet (northern Marine Catch Area 9).
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Section 3 — Affected Environment

Common murre populations in the Pacific Northwest have been greatly impacted by several events
over the past few decades (Carter et al. 2001). Breeding activity was greatly reduced from colony
abandonment during the EI Nino events of 1982—-1983, 1987-1988, and 1992—1993. Further, major oil
spills in 1988 (NESTUCCA) and 1991 (TENYO MARU) collectively killed between 34,000 and 50,000
murres. Military activity, aircraft overflights, and entanglement in gillnet fisheries have also been
implicated in common murre population declines within Washington State (Carter et al. 2001). Annual
declines of 32.9 percent were reported between 1979 and 1986, and 13.3 percent between 1979 and
1995. The Washington breeding population, estimated at 53,000 in 1979 (Carter et al. 2001), was
reduced to an estimated 13,600 by 1995 (TENYO MARU Oil Spill Natural Resources Trustees 2000)
with the steepest decline coinciding with the 1982-1983 El Nino coupled with military activity and
fishing boat disturbance documented in 1984 and 1985 (Speich et al. 1987; and Carter et al. 2001).

Nysewander et al. (2001a) found higher densities of common murres in the deeper water regions of
greater Puget Sound, which is not surprising given the ability of these birds to dive to depths of nearly
600 feet (Piatt and Nettleship 1985). Similarly, Pierce et al. (19946) found 95 percent of 5,889 common
murres sighted in Marine Catch Area 7 were more than 2,000 feet from shore. Because of their deep-
diving capability, common murres are able to exploit a variety of prey. Nevertheless, schooling baitfish
such as Pacific herring, Pacific sand lance, northern anchovy, Pacific whiting, smelt, and market squid
universally dominate their diet (Manuwal and Carter 2001). Wilson and Thompson (1998) found
murres in the San Juan Islands to have fed largely on Pacific herring, Pacific sand lance, salmon smolts,

and Pacific tomcod.

Gillnet-associated deaths have been identified as a chronic mortality factor for common murres in
Washington (Carter et al. 2001). The 1994 non-treaty sockeye gillnet fishery entangled an estimated
2,700 common murres in Marine Catch Areas 7 and 7A (Wolfe et al. 19965). Thompson et al. (1998)
determined that 63 percent of the common murres confirmed killed in the 1993 and 1994 sockeye and
chum fisheries in Marine Catch Areas 7, 7A, 10, 11, and 12 were adults (which may reflect a large
number of failed or non-breeding adults within the marine catch areas at the peak of the sockeye
fishery). It is likely that many, if not most, of the murres killed in Puget Sound gillnet fisheries
originate not from the lightly populated (13,600 in 1995; TENYO MARU Oil Spill Natural Resources
Trustees 2000) and later-breeding Washington colonies, but from the much larger (breeding population
averaging about 700,000 birds during the 1990s; personal communication with Roy Lowe, U.S. Fish
and Wildlife Service, Refuge Biologist, February 25, 2003) and earlier (one month) nesting
Oregon colonies. The hatch-year chicks killed in the 1993 and 1994 sockeye fisheries likely originated
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Section 3 — Affected Environment

from Oregon, as much the fishery occurred prior to the fledging of chicks at the Washington colonies
(Thompson et al. 1998).

3.8.2.3 Pigeon Guillemot

The pigeon guillemots are perhaps the most widespread nesting seabirds in Puget Sound and the Strait
of Juan de Fuca. They are especially prevalent along the Washington shoreline of the Strait of Juan de
Fuca from Crescent Bay east to Admiralty Inlet (Marine Catch Area 6), within the San Juan Islands
(Marine Catch Area 7), and in the South Puget Sound region (Marine Catch Area 13; see Figure 3.3-7).
They are conspicuously absent west of Crescent Bay, Hood Canal, and Puget Sound’s scattered
estuarine and beach areas. Speich and Wahl (1989) estimated the breeding population to be about 3,600
at 121 breeding locations. Since that time, Evenson et al. (20031) have identified more than 35000 new
breeding locations. These sites, along with the original 121, support nearly 165,000 guillemots based
on surveys conducted in 20038 (Evenson et al. 2001 and 2003). It is unclear whether the difference in
population estimates between Speich and Wahl (1989) and Evenson et al. (2001) reflects a population

increase or decrease, or simply an increase in survey effort_or difference in survey protocol, although

Evenson et al.’s results suggest they may have concentrated more effort on the smaller-sized colonies
(62% of the colonies surveyed in 2000 supported less than or equal to 25 birds) perhaps missed by

Speich and Wahl (1989). This will be determined in the future when standardized surveys are repeated.

However, comparable data from aerial surveys during winter along selected nearshore waters in

Washington state suggested some degree of decline (55%) over 20 years (Nysewander et al. 2001a) for

this species.

Pigeon guillemots generally forage along the shallow nearshore zone for epibenthic fish such as
gunnels, blennies, pricklebacks, and sculpins (Drent 1965, Koelink 1972). Ewins (1993) compiled
dietary information from 11 different studies and found salmonids to be completely absent. Pigeon
guillemots are cavity-nesters and generally nest in rock rubble, but will use driftwood piles, bird and
mammal burrows, and artificial structures such as wharves, bridges, navigation aids, drainage pipes,
and even spent shell casings (Speich and Wahl 1989). When cavities are in short supply, they will
excavate their own burrows in loose earth or sandy banks (Speich and Wahl 1989; and Vermeer et al.
1993). They generally nest within small “colonies” or isolated pairs, although there are several colonies

in Puget Sound and the Strait of Juan de Fuca that support more than 50 pairs (Evenson et al. 2001).

Pigeon guillemots have been incidentally captured in coho purse seine fisheries off Kingston-Edmonds
(Anderson 1993). However, entanglement of guillemots in the Marine Catch Area 7/7A sockeye

salmon gillnet fisheries is apparently rare compared to rhinoceros auklets and common murres (Pierce
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Section 3 — Affected Environment

et al. 19946; and Melvin et al. 1997, 1999). Only one pigeon guillemot was one captured during 642
observed net sets during the 1996 test sockeye gillnet fishery (Melvin et al. 1999).

3.8.2.4 Gulls and Terns

Seventeen species of gulls and terns at least occasionally inhabit greater Puget Sound, but only four
species — glaucous-winged and western gull, and Caspian and arctic tern — nest here (Speich and Wahl
1989). Speich and Wahl (1989) estimated the greater Puget Sound breeding population of glaucous-
winged gulls to be 20,000 with more than 11,000 on Protection Island (located in Marine Catch Area 6)
alone (Figure 3.3-14). These gulls nest in a variety of situations throughout greater Puget Sound, from
large colonies to isolated pairs using both natural and man-made substrates. The presence of western
gull breeding populations in Washington inland waters is somewhat confusing. Speich and Wahl
(1989) did not identify western gull breeding colonies per se in greater Puget Sound, but they did refer
to Hoffman et al.’s (1978) contention that they hybridize with glaucous-winged gulls in the inland
waters of Washington State. Angell and Balcomb (1982) did state that a small population of western
gulls nests among the glaucous-winged gulls on Protection Island, and Nysewander et al (2001a) noted
some western/glaucous-winged intergrade gulls during their surveys. A small colony of arctic terns
have nested at Jetty Island off Everett (Angell and Balcomb 1982), and approximately 1,000 Caspian
terns nested on the ASARCO slag piles along the Commencement Bay shoreline in 2000 (personal
communication with Christopher Thompson, Washington Department of Fish and Wildlife, Research
Biologist, February 26, 2003; Figures 3.3-1 and 3.3-7).

The Nysewander et al. (2001a) surveys found gulls and terns to comprise by far the largest component
(73%) of the summer marine bird population. Besides glaucous-winged gulls, this summer population
is supplemented with a sizable population of Heermann’s gulls and smaller numbers of non-breeding
Bonaparte’s, California, ringed-billed, and mew gulls (Angell and Balcomb 1982). Heermann’s gulls
breed in Mexico during the winter months and spend their off-season in more northern climes (Angell
and Balcomb 1982).

The winter gull and tern population is comprised largely of resident glaucous-winged gulls and
wintering Thayer’s, mew, and Bonaparte’s gulls. California and ring-billed gulls, and common terns
are common spring and fall migrants (Angell and Balcomb 1982). Most gulls exhibit a more nearshore
life history strategy reflecting their inability to dive to more than marginal depths. Nysewander et al.
(2001a) found gull distributions to be quite variable, but to average more than a dozen times higher in
nearshore habitat than offshore. Nevertheless, large flocks of glaucous-winged and Heermann’s gulls

are commonly seen feeding on surfacing herring in deeper channel waters. Nysewander et al. (2001b)
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Section 3 — Affected Environment

estimated that the gull densities between surveys conducted in 1978 and 1979 (Wahl et al. 1981) and
their surveys conducted between 1992 and 1999 (Nysewander et al. 2001a) had declined 43 percent.
However, Carter et al. (1995a2002) stated that breeding glaucous-winged gull numbers are either stable

or increasing._The numbers of breeding glaucous-winged gulls in the San Juan Islands vicinity, covered

in a recent survey effort in 2001, appear to have declined by approximately 60% overall, with 3,568

gulls seen in 2001 where 8,851 were seen during the 1973-82 period. The reasons behind these declines

are _probably a mixture of changes over the last 20 years: (1) Increases in avian predators have

disrupted the breeding success of surface nesters like qulls; (2) reductions in winter food availability at

dumps and waste treatment facilities affect survival of juvenile qulls; (3) decreases in the abundance of

forage fish stocks near breeding areas affect survival; (4) increased protection of breeding areas at

Smith and Protection Islands may have resulted in movement of breeding efforts. Areas where breeding

populations are stable or increasing may be due to stable or abundant food resources (personal
communication with Dave Nysewander, WDFW, Wildlife Biologist, July 30, 2004).

Gulls and terns are apparently not susceptible to net entanglement from Puget Sound commercial
fisheries based on the results from studies in Puget Sound (Anderson 1993; Melvin and Conquest 1996;
Pierce et al. 19946; and Melvin et al. 1997). They are, however, occasionally hooked in the sport
fisheries (Noviello 1999). However, during Noviello’s (1999) study to determine rates of bird and
marine mammal encounters in the Puget Sound sport fisheries (Marine Catch Areas 4, 5, 8, and 10),
only 4 bird captures were recorded in 1,090 apparent “hook-ups” — all immature gulls. All were

released apparently unharmed.

3.8.2.5 Grebes, Loons, and Cormorants

FourSix species of grebes — western, Clark’s, red-necked,-and horned, eared and pied-billed — winter in

or are seen near the marine waters of greater Puget Sound. The three most common species are the

western, Clark’s and horned,; with western grebes comprising about 85 percent of all grebes

(Nysewander et al. 2001a). Together, the—feur three grebe species comprise about 4 percent of all
wintering marine birds (Nysewander et al. 2001a). Western grebes generally rest in large flocks in deep
waters, then scatter at night to feed on schooling baitfish (Clowater 1998). They are most common in
the protected inlet and bay waters of Puget Sound, and tend to avoid the open waters of the straits.
Angell and Balcomb (1982) showed grebes arriving in the Puget Sound area in November and peaking
December to February (Table 3.8-2). Morgan (19897) and Clowater (1998), however, found western
grebe populations in the Strait of Georgia to reach high numbers in October, and then gradually build to

a peak in March. Courtney et al. (1997) surveyed various locations of Puget Sound in Fall 1996. Both
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found western grebes to be one of the more common marine birds, comprising more than 20 percent of
all marine bird sightings. Consequently, considerable numbers of western grebes can be found in Puget
Sound and the Strait of Juan de Fuca coincident with the fall chum fishery. Between surveys conducted
1978 to 1979 (Wahl et al. 1981), and 1992 to 1999 (Nysewander et al. 2001a), these birds have
apparently experienced severe (95%) population declines in the greater Puget Sound (Nysewander et al.

2001b). Recorded loon densities on aerial surveys conducted each winter by WDFW between 1999 and

2003 have shown some differentiating trends by species. Common Loon densities, even though low,

have shown some slight recovery while Red-throated Loons have exhibited even more significant and

dramatic decreases since 1999 (Nysewander et al. 2003), making this loon species the one loon species

of most concern regarding declines.

Three species of loons winter in Washington inland marine waters. The most common, the red-throated
loon, occurs in several habitats, but generally prefers nearshore waters where they forage along tidal
fronts. In contrast, the Pacific loon feeds in the deeper offshore inland marine waters, primarily on
herring. Common loons are intermediary, using both nearshore and offshore habitats. Loons are
primarily a winter resident in Puget Sound and the Strait of Juan de Fuca with large numbers first
arriving in October (Angell and Balcomb 1982; and Morgan 19897). Collectively, the greater Puget
Sound population of loons has declined 79 percent since 1978-79 (Nysewander et al. 2001b).

Cormorants are year-around residents of greater Puget Sound. Only two, the double-crested and pelagic
cormorants, nest within the marine inland waters of Washington, although non-breeding Brandt’s
cormorants (an outer coast nester) contribute significantly to the summer greater Puget Sound
population (Nysewander et al. 2001a). Speich and Wahl (1989) stated that about 1,100 double-crested
cormorants nest in the inland waters, most of them in three colonies at the south end of Rosario Strait
(Marine Catch Area 7/7A; Figure 3.3-1). Approximately twice as many pelagic cormorants nest in
greater Puget Sound, most at the Protection Island and Smith Island colonies at the east end of the
Strait of Juan de Fuca (Marine Catch Area 6). Nysewander et al. (2001a) found double-crested and
pelagic cormorants to occur mainly in nearshore waters close to drying perches (their feathers are not
waterproof), but Brandt’s cormorants were commonly found in deeper offshore waters in winter.
Nysewander et al. (2001b) found little change in overall wintering cormorant populations in
Washington inland marine waters between 1992 and 1999. They found a significant 53 percent decline
since 1978-79, 62 percent among double-crested cormorants alone. Chatwin et al. (2002) saw similar

declines in breeding populations of pelagic and double-crested cormorants in the nearby Strait of
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Georgia, attributing these declines to variable herring populations, and harassment by bald eagles and

recreational boaters.

Although common in nearshore waters in the summer (Angell and Balcomb 1982; Table 3.8-2),
especially in Marine Catch Area 7, cormorants have not been recorded as a bycatch in the Puget Sound
salmon driftnet fishery, although they have been recorded as entangled in fishing nets elsewhere
(Terres 1991). Large numbers of grebes and loons occur in Puget Sound, Hood Canal, and the Strait of
Juan de Fuca coincident with the fall chum fishery, yet information on these birds as a bycatch of this
fishery is lacking. It is unknown whether this is due to low susceptibility to entanglement on the part of
the birds (western grebes forage at night when gillnet fishing has ceased), or a lack of interaction

studies during October and November.

3.8.2.6 Sea Ducks

Thousands of sea ducks (including diving ducks that use marine waters) winter each year in the inland
waters of Washington. The most common of these are the scoters, buffleheads, goldeneyes, scaups,
long-tailed ducks, and harlequin ducks (Nysewander et al. 2001a). Scoters alone comprise nearly half
of all sea ducks during the winter and migration periods (Nysewander et al. 2001a). Most are either surf
or white-winged scoters; black scoters comprise less than 10 percent of all sea ducks. Overall, scoters
have declined 57 percent-since_between 1978—-79 and 1999 (Nysewander et al. 2001b), and the decline

has continued even lower over the last five years—with-rearly—al-of-this-decline-occurringir-Seuth
Puget-Seund (Nysewander et al. 20031b). Examination of scoter densities recorded by aerial surveys in

five different subregions of greater Puget Sound show that densities have remained low in the northern

areas while declining in all other subregions, except that of central Puget Sound around the greater Port

Orchard area. Buffleheads comprised 23 percent of the sea ducks recorded between 1991 and 1999
(Nysewander et al. 2001a), and goldeneyes about 17 percent. Both have declined about 20 percent
since 1978-79. Common goldeneyes were found to be more common than Barrow’s goldeneyes except
at certain bay locations. Scaups made up 8 percent of the sea ducks recorded during surveys by
Nysewander et al. (2001a), with greater scaups comprising the overwhelming majority of the two
species (the other the lesser scaup). Both scaup species have declined significantly since 1978-79
(72%; Nysewander et al 2001b). Puget Sound represents the southern end of the long-tailed duck’s
winter range. Long-tailed ducks comprise about 1 to 2 percent of the winter sea duck population, and
are largely found in the eastern end of the Strait of Juan de Fuca and around the San Juan Islands

(Marine Catch Areas 6 and 7; Nysewander et al. 2001a0). Although they do not occur in great numbers
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within the inland marine waters of Washington, the few-sea ducks that do winter here have declined 92

percent (Nysewander et al. 2001b).

Declines in the sea duck species described above may represent a movement northward into the
Canadian Strait of Georgia (where sea duck surveys have not been conducted in recent years), rather
than major population declines. However, surveys conducted at other sea duck wintering locations do
suggest a universal decline in this group. Only the harlequin ducks, which occur in low numbers during
winter, have significantly increased (189%) in Puget Sound between the late 1970s and the 1990s
(Nysewander et al. 2001b). But even these birds have fallen off considerably since peaking in 1996 at a
little over a 1,000 individuals (Nysewander et al. 2001a).

Buffleheads, goldeneyes, and scaup feed largely on blue mussels, shails, and small crabs, although
scaup also supplement their diet with sea lettuce and seasonally forage on herring spawn (Vermeer and
Ydenberg 19897). Scoters and long-tailed ducks feed chiefly on small clams and snails, with some
crustaceans and herring eggs when available (Vermeer and Ydenberg 19897). Harlequin duck diets in
marine waters are much more diversified. Vermeer (1983) found snails, limpets, small fish, fish eggs,

crabs, chitons, algae, and clams all of relative importance.

Sea ducks do not appear as bycatch in the Puget Sound gillnet fisheries, probably because they do not
begin arriving in the Puget Sound area until November (Angell and Balcomb 1982; and Morgan 1987),

when the annual salmon fishery has nearly concluded.

3.8.3 Marine Mammals

The inland marine waters of Washington support a diverse group of marine mammals. Year-around
residents include harbor seals, minke whales, harbor porpoise, Dall’s porpoise, and killer whales. All
these animals occur primarily in north Puget Sound, the Strait of Juan de Fuca, and around the San Juan
Islands (Marine Catch Areas 4B, 5, 6, 7, and 9; Figures 3.3-1 and 3.3-14), except harbor seals, which
are well distributed throughout Puget Sound. RegularwinterSeasonal visitors include California and
Steller sea lions. Groups of male sea otters winter in the western end of the Strait of Juan de Fuca
between Neah Bay and Port Angeles. More infrequent visitors include humpback and gray whales and
elephant seals, although the latter may become a more important regional member, including possibly
breeding on islands in the Strait of Juan de Fuca in the future as its west coast population continues to
expand (Jeffries et al. 2000). Oceanic species that occasionally enter the Straits of Juan de Fuca include
Pacific white-sided and Risso’s dolphins. Short-finned pilot whales also used to visit the area in the

past (Angell and Balcomb 1982, Green et al. 1992), and on at least one occasion a group of false killer
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whales reached Puget Sound (Baird et al. 1989). Virtually all the marine mammals forage in subtidal
and deeper waters, especially the tidal channels. However, harbor seals and sea lions will also forage

intertidally, and resident minke whales and wintering sea otters occur relatively close to shore.

3.8.3.1 Harbor Seal
Harbor seals are year-around residents and the most common marine mammal inhabiting the inland
waters of Washington. Unlike many other marine wildlife species, observed harbor seal abundance in

Washington has increased an estimated 7- to 10-fold since 1970, and 3-fold since 1978 (Jeffries et al.

1990s. An inland waters population estimated in 1978 at 2,600 by Everitt et al. (1979) had grown to
more than 14,000 by 1999 (Jefferies et al. 2003%). Food habit studies have shown that the significance

of salmon in the diets of Puget Sound harbor seals depends on location and season. Besides salmon,
harbor seals prey on herring, Pacific whiting, anchovy, tomcod, flounder, sticklebacks, and eelpouts
(Scheffer and Sperry 1931; Scheffer and Slipp 1944; Keyes 1968; Calambokidis et al. 19798; Lance et
al. 2001; and London et al. 2002). A recent study at Gedney Island (near Everett; Figure 3.3-1) showed
that these Puget Sound harbor seals were preying almost exclusively on Pacific whiting and Pacific
herring (National Marine Fisheries Service 1997). Similarly, London et al. (2002) found Pacific
whiting and Pacific herring to dominate the diet of harbor seals in Hood Canal. Regardless, London et
al. (2002) concluded that harbor seals do have the capability to negatively impact recovering salmon
runs where escapement is small (e.g., Hood Canal chum salmon), and London et al. (2002) did identify

salmon remains in 24.5 percent of 608 scat samples collected in Hood Canal.

Harbor seals can dive to 295 feet and remain underwater for 20 minutes (Angell and Balcomb 1982),

but prefer to haul out on rocky shores, intertidal reefs, sandbars, mudflats, docks, log booms, buoys,

and other structures. For this reason, they are distributed across both nearshore and deeper water habitat

Z0ones.

As with harbor seals elsewhere in the world (Northridge 1991; Lennart et al. 1994), Puget Sound
harbor seals have been entangled in set and drift gilinets. In Puget Sound, Pierce et al. (1996) estimated
that 15 harbor seals were entangled in the Marine Catch Area 7A gillnet fishery in 1994, based on an

observed capture of two live (and released) and one dead seal during a study of that fishery.

3.8.3.2 California Sea Lion

California sea lions breed at island rookeries off southern California, the west coast of Baja California,

and in the Gulf of California. A post-exploitation (mainly for meat and oil) population of about 1,000
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animals breeding in California in the 1920s (Cass 1985) had increased to between 161,000 and 181,000
by 1994 (Barlow et al. 1995). After the breeding season, males migrate north to Oregon, Washington,
and British Columbia. Annual populations peak off the Washington coast during March and May at

numbers between 3,000 and 5,000 (Gearin et al. 2001). In recent years, peak abundances of over 5,000

California sea lions have been recorded on the Olympic Peninsula in the fall from September to

December (personal communication with Steve Jeffries, WDFW, Research Scientist, July 30, 2004).

The percentage of California sea lions using inland marine waters of Washington has varied
considerably. Systematic counts of Puget Sound California sea lions began in 1979, but intensified after
the 1985 to 1986 season amid concerns of impacts these pinnipeds were having on steelhead stocks
passing through the Hiram Chittendon Locks in Seattle (Pfeifer 1987; and Pfeifer et al. 1989). More
than 1,000 animals were recorded in Puget Sound during 1986 (1,031), and 1995 (1,234), while counts
between 1998 and 2001 ranged between 177 and 323 (Gearin et al. 2001). However, these smaller
Puget Sound counts have corresponded with higher counts on the outer coast, suggesting a change in
use away from inland waters (Gearin et al. 2001). Haulout sites include Nerth-Waadah Island near
Neah Bay in the Strait of Juan de Fuca, logbooms at Everett Harbor in north Puget Sound;and-Eagle
Istand, bouys or floats at Edmonds-Seuba-Fleat, Commencement Bay, Shilshoe Bay, and-22-channel-as
well as all navigation bouys from the Nisqually River to Port Townsendbueys-in-south-Puget-Seund
(Jefferies et al. 2000).

Although California sea lions often feed in the deeper inland waters of Washington, and commonly
dive to extreme depths in oceanic waters, they are more closely associated with nearshore
environments. Important prey in Washington include Pacific whiting, herring, squid, spiny dogfish,
gadids, and salmonids (Everitt et al. 1981; and Gearin et al. 1986, 1988). Scat samples from near
Everett and at Shilshole Bay show that Pacific whiting and herring dominate their diet (Gearin et al.
2001). While only 6 percent of the scats collected near Everett contained salmonids, 25 percent did
from the Shilshole Bay sample. However, Shilshole Bay is located at the entrance to the Lake
Washington Ship Canal where the Hiram Chittendon Locks concentrate migrating winter-run steelhead,

which these sea lions heavily exploit.

California sea lions are clearly susceptible to gillnet mortality along the Washington Coast and areas

outside Washington. In Washington, an estimated four to 42 California sea lions were Killed annually

in the Columbia River, Willapa Bay and Grays Harbor (Beach et al. 1985). The California set-gillnet

fishery for halibut and angel sharks is estimated to have killed about 1,000 California sea lions annually
between 1994 and 1998, based on an observed mortality of more than 100 animals (NMFS 2000a).
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However, while monitoring the 1994 Puget Sound sockeye gillnet fishery in Marine Catch Areas 7 and

TA, Pierce et al. (1996) noted little interaction with California sea lions, and no entanglements. Ferthe

complete—Two fisheries that-are-stil-open when the California sea lion_abundance increases s-arrive;

and with which the sea lions interact include the late season river chum salmon and the winter run
steelhead fisheries. Although sea lion entanglement in gillnets has not been reported, a small number of
these animals are legally harvested by tribal fishermen (usually to protect fisheries and fishing gear)
under subsistence regulations pursuant to tribal treaties (personal communication with Will Beattie,

Northwest Indian Fisheries Commission, December 19, 2003).

3.8.3.3 Gray Whale

Nearly the entire Eastern North Pacific stock of gray whale, recently estimated at 26,635 individuals
(Hobbs and Rugh 1999), passes twice annually along Washington’s outer coast, in transit between
Mexican breeding lagoons and Alaskan summer feeding grounds. Calambokidis described four patterns
of gray whale use in Washington (personal communication with John Calambokidis, Cascadia
Research, Senior Research Biologist, December 16, 2002). The first is the regular migrating herd that
passes quickly through Washington outer coast waters. The second involves a group of about 250
whales that have taken up residency between northern California and southeastern Alaska. Although
these whales move around considerably within this range, they do not partake in the annual migration
to Alaska. A few of these whales can be found in the Strait of Juan de Fuca as far east as Protection
Island, but most typically spend their time in Neah Bay (Figure 3.3-14). The third group is composed of
what are thought to be migration stragglers, such as sick whales that do not complete the migration and
find themselves exhausted and emaciated in south and central Puget Sound. These whales, generally 1
to 12 annually, suffer high mortality rates. The fourth group is comprised of about a half-dozen
identified whales that annually (since 1991) spend March to May in the shallow, mud-bottomed areas
of Saratoga Passage, Port Susan, Port Gardner, and Everett (Marine Catch Area 8; Figure 3.3-1), where

they feed on dense populations of ghost shrimp.

Gray whales have been entangled in a variety of fishing gear (Hill and DeMaster 1999) including
gillnets (Gearin et al. 1994; and Cameron and Forney 1999). Single gray whales were killed in the
Makah set-gillnet fishery (Marine Catch Area 4) in 1990 and 1995, and a third was entangled but
released unharmed in 1996 (personal communication with Patrick Gearin, NOAA-National Marine

Mammal Laboratory, Research Biologist, December 30, 2002). Healthy gray whales are most likely to
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be encountered in Marine Catch Areas 4 and 8, but not Area 7 where most gillnet fishing in Puget

Sound presently occurs.

3.8.3.4 Killer Whale

Killer whales in the Pacific Northwest are classified in three fwo-distinct forms: resident, and-transient
and offshores. The resident form is further divided into three-two population segments: northern;- and
southern.;-and-offshore. It is the southern residents, composed of three pods (J, K, and L) that frequent

the San Juan Islands and the Strait of Juan de Fuca, and enter Puget Sound on a semi-regular basis. The

southern residents, like the other resident forms, feed almost exclusively on fish, especially salmon

(Ford et al. 1998; Wiles 2004). These killer whale populations were exploited in the 1960s and early

1970s by the marine display trade. From a low of 706% in 19743, this population grew to 987
individuals in 1996 (Wiles 2004). However, the number of animals in these groups declined
dramatically to only 8078 by 2001. Attributing the decline to increased vessel traffic (including whale
watching), declining salmon populations, and polychlorinated biphenyl (PCB) contamination (Ross et
al. 2000;-and Taylor 2001 _and Wiles 2004), several groups petitioned in 2001 for listing the southern

resident group as an entity (threatened or endangered) under the Endangered Species Act (ESA). In
2002, NMFS did not find that a listing was justifiable, but did designate the population as “depleted”
under the Marine Mammal Protection Act, citing recent declines that may be attributed to pollution,
prey reduction, and disturbance._In late 2003, NMFS was ordered by a federal judge to review its
decision not to list the whales under the ESA. In April, 2004, the Washington Fish and Wildlife

Commission added the Killer whale to Washington’s endangered species list.

The transient form of killer whales is morphologically and behaviorally different from resident whales.
In general, transients travel in smaller groups (usually less than 76), are less vocal, range from northern
California to southeastern Alaska, and prey mostly on marine mammals (Bigg et al. 1987; and Ford et
al. 1998). Harbor seals and harbor porpoise apparently constitute most of their diet in coastal and inland
waters of the Pacific Northwest (Ford et al. 1998). The number of transients-in-1995-was is currently
estimated at 300-400479 whales (Wiles 2004). Transients occur regularly in the Strait of Juan de Fuca,

the San Juan Islands, and northern Puget Sound.

Although mortalities have occurred with fishery interactions in Alaska (Small and DeMaster 1995),
there are no recent reports (e.g., Anderson et al. 1993; Melvin and Conquest 1996; Pierce et al. 1996;
and Melvin et al. 1997, 1999) that suggest Puget Sound gillnet fisheries pose an entanglement threat to

killer whales.
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3.8.3.5 Harbor Porpoise and Dall’s Porpoise

The distribution of harbor porpoise in the inland marine waters of Washington is dramatically different
compared to what it once was. Today, harbor porpoise are rarely observed in southern Puget Sound
where they were once considered common (Scheffer and Slipp 1948). Pollutants, vessel traffic,
fisheries, and other factors (including competition with an increasing population of Dall’s porpoise) are
thought to have contributed to this change in distribution (Osmek et al. 1995, 1996). In contrast, harbor
porpoise population densities in the Strait of Juan de Fuca and the San Juan Islands appear to have
remained stable. The most recent estimate for this region is 3,509 animals, about two-thirds found in
the Strait of Juan de Fuca (Calambokidis et al. 1997; and Laake 1997a,b).

Inland water harbor porpoise inhabit nearshore and offshore waters (Pierce et al. 1996), where they
feed largely on schooling fishes, such as herring, and cephalopods such as squid and octopus (Wilke
and Kenyon 1952; and Angell and Balcomb 1982). Salmon do not appear to be an important
component of their diet. Harbor porpoise are, however, encountered in Washington gillnet fisheries. In
1988, at least 102 harbor porpoise were killed in the outer coast Marine Catch Area 4 and 4A gillnet
fishery (Figure 3.3-14), and another 52 were taken between 1989 and 1992 (Osmek et al. 1996). Only
two porpoise were taken in Marine Catch Areas 4B and 5 between 1988 and 1993, and two were
entangled (one released) in the 1994 sockeye gillnet season in Marine Catch Area 7 (Osmek et al. 1996;
and Pierce et al. 1996). Melvin et al. (1999) report that two harbor porpoise were captured (fate

unknown) in a 1996 test sockeye fishery in Marine Catch Area 7. NMFS observers monitored the

northern Washington marine set gillnet fishery during 1994-1998 and in 2000. There was no observer

program in 1999, however, the total fishing effort was only 4 net days (in inland waters) and no marine

mammal takes were reported. No mortalities were observed in the inland portion of the fishery between
1994 and 2000 (Carretta et al. 2004).

Dall’s porpoise are commonly found in the Strait of Juan de Fuca and through Admiralty Inlet (Marine
Catch Areas 4B, 5, 6, 7, and 9), but rarely extend farther south into Puget Sound than Possession Bar
(Marine Catch Area 9), or north into the Strait of Georgia (Marine Catch Area 7A; see Figure 1.1-1)
(Angell and Balcomb 1982). Nysewander et al.’s (2001a) observations suggest that movements of

Dall’s porpoise into South Puget Sound is most likely to occur during winter. The most recent estimate

for this region is a weighted average of 1,509 animals after combining porpoise abundance surveys in
1991 and 1996 (Carretta et al. 2004).

During 1994 boat surveys in Marine Catch Area 7, Pierce et al. (1996) observed 18 Dall’s porpoise, all

in Haro Strait (Figure 3.3-1). Seventeen (94%) of these were greater than one mile offshore (averaging
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more than 3 miles), indicating their preference for deep-water habitats. Morejohn (1979) described
their diet as predominately deep-water schooling fish and squid. Although diet information from inland
waters is limited (Scheffer and Slipp 1948), Dall’s porpoise inhabiting the Strait of Juan de Fuca likely
feed on Pacific whiting, Pacific herring, and squid. Although animals from the
California/Oregon/Washington stock are often captured in oceanic drift gillnet and trawl fisheries
(Perez and Loughlin 1991; and Cameron and Forney 1999), there is little evidence of interaction with

inland water salmon gillnet fisheries. Dall’s porpoise have been killed incidental to gillnet fisheries in

southern Puget Sound (personal communication with Steve Jeffries, WDFW, Research Scientist, July
30, 2004). Fhe-enhyrepertis-ofin 1996, three Dall’s porpoise were incidentally taken in a 1996-test
sockeye fishery in Marine Catch Area 7 (Melvin et al. 1999).

3.8.3.6 Sea Otter

In 1969 and 1970, 59 sea otters were translocated from Alaska to the Washington outer coast (Bowlby

et al. 1988; and Jameson and Jeffries 2001). Fhis-population-grew-to-an-estimated-555-individuals-in

2001In 2003, surveys for sea otter in Washington resulted in a count of 672 animals (Jameson and
Jeffries 20031). Vi

stmmer—2001—(Jameseon—and—Jeffries—2001).Sea otters occur along the Washington coast from

Destruction Island to Pillar Point. Seasonal shifts in the distribution of sea otter have been observed as

the population has increased with 50 to 100 otters entering the Strait of Juan de Fuca and moving east

to between Slip Point and Pillar Point (Marine Catch Area 5). Confirmed sightings of individual sea

otters from inland waters includes individuals near Freshwater Bay, San Juan Islands, Dumas Bay,

Nisqually Reach, Totten Inlet, Budd Inlet, and Hammersly Inlet (Marine Catch Areas 7, 11 and 13); see
Figure 3.3-7)(Richardson and Allen 2000).

Sea otters have been entangled in gillnet fisheries outside Washington, but encounters within Puget
Sound are rare. Wendell et al. (1985) estimated that net entanglement killed an average of 80 sea otters
per year off California in the 1970s and 1980s. Lennart et al. (1994) estimated that the set-net gillnet
fishery for Pacific angel shark and California halibut Kkilled 33 sea otters during the second half of

1990. Currently, non-treaty gillnet fishing is prohibited within the sea otter range in Washington.-One
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4990}). In Washington from 1988 to 2001, a total of 11 sea otters were incidentally Killed in set net

fisheries for chinook salmon in Marine Catch Areas 3 and 4. In addition, to incidental mortality in
gillnet fisheries (Richardson and Allen 2000).

3.8.4 Benthic Invertebrates
Kozloff (1996) described the intertidal and subtidal communities found in the marine waters of
Washington. His habitat divisions relevant to the inland waters of Washington include the intertidal and

subtidal zones with rocky, sandy, or muddy sand substrates, and salt marsh. All are discussed below.

The rocky shores of greater Puget Sound support a diversity of marine invertebrates with a community
composition that changes quickly with water depth. Marine invertebrates that occur in the upper
reaches of the rocky intertidal zone include periwinkle snails, limpets, shore crabs, and barnacles.
These invertebrates are able to withstand long periods exposed to open air and corresponding changes
in temperature. As the water deepens, Nucella snails, hermit crabs, blue mussels, goose barnacles,
Pisaster sea stars, and chitons dominate the intertidal community. The lower limit of the intertidal is
also occupied sea anemones, sea urchins, northern abalone, and scallops. The rocky subtidal includes
sea stars, anemones, urchins, abalone, and scallops, but also species unable to withstand periods of air

exposure, such as octopus, broken-back shrimp, and sea slugs.

Marine invertebrates that typically inhabit the sandy intertidal zone include sand dollars, crangon
shrimp, basket whelks, and burrowing sea cucumbers. Moon snails are also common in this zone,
preying on a variety of clams including bent-nosed, sand, tellina, and heart cockles. Intertidal zones
with muddy sand substrates support an even more diverse clam population including gaper, geoduck,
littleneck, Manila, bent-nosed, butter, soft-shelled, and heart cockle. Ghost shrimp supplant the crangon
shrimp. Burrowing shore crabs extend their distribution from this habitat up into the salt marshes.
Invertebrates characterizing the deeper water subtidal zone of both these habitats include brittle stars,

mediaster sea stars, sea pens, and Dungeness, red, and helmet crabs.

None of the major Puget Sound/Strait of Juan de Fuca marine salmon fishing types (drift and set-
gillnet, seine, troll, or sport) occur on the sea floor in a manner that would significantly disturb benthic
invertebrate communities. The one exception is beach seine fisheries in Hood Canal and South Puget
Sound, where nets are cast out and dragged back in to the beach. However, these fisheries are small in

size, limited to the nearshore shallow zone, and occur in beach areas without potential snagging rocks
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(where few invertebrates live on the seafloor surface). Thus, the impact of beach seine fisheries on

marine invertebrates is probably insignificant.

3.8.5 Threatened and Endangered Species

The National Marine Fisheries Service is consulting with the U.S. Fish and Wildlife Service and with
itself on the effects of the Proposed Action or alternatives on these listed species. NMFS is
incorporating these evaluations into the NEPA process in order to coordinate the environmental review
processes as required by NEPA (40 CFR Part 1502.25). The biological evaluations and biological

opinion are included in Appendix H.

3.8.5.1 Marbled Murrelet

The marbled murrelet was listed as threatened under the Endangered Species Act in 1992 after decades
of population decline. Ralph et al. (1995) identified several possible causes for this decline, including
loss of forest nesting habitat due to logging, mortality from gillnets and oil spills, and high predation
rates. Marbled murrelets forage in nearshore marine waters and nest in inland old-growth and mature
conifer forests (Hamer and Nelson 1995). Booth (1991) concluded that 82 to 87 percent of this forest
that existed in 1840 has now been eliminated. Speich et al. (1992) estimated the Washington marbled
murrelet population at 5,000 individuals, with 2,600 of these birds occurring in the Strait of Juan de
Fuca, San Juan Island, and Puget Sound waters. Beissinger (1995), Beissinger and Nur (1997), and
Nysewander et al. (2001b) have concluded that the marbled murrelet population has declined

significantly since that time.

Thompson (1997) conducted surveys for marbled murrelets along the Strait of Juan de Fuca (Marine
Catch Areas 4 and 5) in 1996 and 1997, and found about 20 to 50 birds between Neah Bay and Pillar
Point, and a large aggregation of 500 to 1,000 between Pillar Point and Port Angeles (Figure 3.3-14).
The highest densities of birds were found 656 feet offshore. The San Juan Islands and Rosario Straits
area (Marine Catch Areas 7 and 7A) has the highest concentrations of marbled murrelets in greater
Puget Sound. On August 15, 1995, Ralph et al. (1996) observed between 404 and 467 murrelets during
systematic boat surveys of the islands. Burrows Bay (east of the San Juan Islands in Marine Catch
Area 7) apparently supports significant numbers (100 to 200) of murrelets from August to October
(Courtney et al. 1997; Stein and Nysewander 1999; and Raphael et al. 2000). Courtney et al. (1997)
surveyed Admiralty Inlet and Hood Canal south to Quatsop Point and found numbers of marbled
murrelets varying between 205 and 476. Surveys conducted in waters east of Whidbey Island (Skagit
Bay, Saratoga Passage, and Everett Bay) — Marine Catch Area 8 — by Courtney et al. (1997) showed a
decline from more than 250 birds in 1995 to about 125 in 1996. South Puget Sound has been surveyed
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by Courtney et al. (1997), Raphael et al. (2000), and Nysewander et al. (2001a), none of whom found

murrelets in any abundance.

Because marbled murrelets have been incidentally caught in the Puget Sound salmon gillnet fisheries
(Pierce et al. 1994, Erstad et al. 1994; Northwest Indian Fisheries Commission 1994; Lummi Nation
1994; and Gearin et al. 1994), Pierce et al. (1996) monitored the 1994 Puget Sound sockeye gillnet
fishery (Marine Catch Areas 7 and 7A) to quantify the impact to murrelets. After observing more than
2,200 gillnet sets (7% of the total sets), and recording only one marbled murrelet entanglement, the
authors estimated that the fishery may have killed approximately 15 murrelets. Melvin et al. (1997)
recorded one murrelet entanglement in 642 sets (at Burrows Bay) of modified test gillnets designed to

reduce seabird mortality.

3.8.5.2 California Brown Pelican

The California brown pelican is a colonial nester in Mexico and southern California that wanders north
as far as British Columbia during the non-breeding period. The population segment that nests in
California represents about 10 percent of the total population, and nesting colonies are currently
confined to a few locations in the Channel and Santa Barbara Islands. These colonies suffered dramatic
declines in the 1960s from the effects of chlorinated hydrocarbons (DDT, DDE). Eggshell thinning
from these pesticide derivatives resulted in dramatic nesting failures to such an extent that the 1969 and
1970 nesting seasons were virtually shut down (Anderson et al. 1975; Anderson and Gress 1983; and
Carter et al. 1992). Consequently, the California population of brown pelican was federally listed as
endangered in 1970. The population was further impacted in the mid-1970s by crashes in stocks of
their principal prey, northern anchovy. Since that time, the brown pelican population has recovered
dramatically with the West Anacapa Island (Channel Islands) colony supporting 4,000 to 6,000 nesting

attempts annually, and the nearby Santa Barbara Island colony supporting 400 to 700 nesting attempts.

Since recovery, brown pelicans have become more prevalent along the Washington coast, especially
during the fall. By 1991, more than 7,000 brown pelicans were observed using the Washington coast,
mostly in the vicinity of the Columbia River and Grays Harbor (Jaques 1994). Angell and Balcomb
(1982) stated that brown pelicans make only rare appearances in Puget Sound. Brown pelicans feed
primarily on schooling baitfish, especially anchovy, and are not known to interact with salmon

fisheries.
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3.8.5.3 Bald Eagle

The bald eagle was listed as threatened under the Endangered Species Act in 1978 after decades of
persecution (despite the Bald Eagle Protection Act of 1940), nest failure due to chlorinated
hydrocarbon (DDT) contamination, loss of prey due to declining salmon runs, and habitat loss due to
logging and human development. The summer population of bald eagles prior to European settlement
of Washington was estimated at about 6,500 birds (Stinson et al. 2001). By 1980, this population had
declined to only 105 pairs (103 in western Washington). Increased protection and recent recovery
efforts since then have resulted in a dramatic increase in the state’s breeding population. In 1998, the
number of occupied nests had increased to 664 (active pairs), and the number of nesting territories to
817. These populations are continuing to grow toward a predicted carrying capacity of 733 active pairs
(Stinson et al. 2001). One of the more dramatic population increases occurred in the San Juan Islands
where five nesting territories in 1962 had grown to 102 by 1998 (Stinson et al. 2001). Collectively, the
12 counties encompassing Washington’s inland marine waters currently support 76 percent (617) of the
state’s bald eagle nesting territories. Overall, the Washington nesting population exhibits the high
productivity expected of a growing population. One exception, however, is the Hood Canal nesting
population, which, despite increasing from three to 33 pairs between 1980 and 1998, has consistently
exhibited low reproductive success (Mahaffy et al. 2001). Studies of this population were initiated in
the late 1990s (Mahaffy et al. 2001) after high levels of polychlorinated biphenyls (PCBs) and other
contaminants were found, but the results were inconclusive. (PCBs were used in a variety of industrial
and electrical applications, including as hydraulic fluid. Hydraulic fluid leaks and spills from shipyards

and industrial-complex machinery are likely sources of Puget Sound PCB contamination.)

Between 1982 and 1989, approximately 1,000 to 3,000 bald eagles wintered annually in Washington,
80 percent coming from Alaskan and Canadian breeding areas. While the majority of these birds
concentrate on major salmon rivers (especially the Skagit, Nooksack, and Columbia Rivers), the Puget

Sound shorelines annually support 400 to 600 of these birds (Taylor 1989).

Watson and Pierce (1998) concluded that coastal eagles preyed more on birds, while inland (river)
eagles foraged more on fish. Differences in surface behavior of fish and abundance of waterfowl and
seabirds may account for these differences. However, Retfalvi (1970) found rockfish and lingcod
important in the diets of San Juan Island bald eagles, and diet studies by Knight et al. (1990) and
Watson and Pierce (1998) did show that both groups of bald eagles prey on a wide variety of fish and
birds (perhaps a close reflection of what is available). Common bird prey included glaucous-winged

gulls, scoters, grebes, and cormorants, while common fish prey included flounders, herring, Pacific
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whiting, plainfin midshipman, dogfish shark, and sculpins (Retfalvi 1970; Knight et al. 1990; and
Watson and Pierce 1998). Salmonids were also present in the diet of bald eagles, but do not contribute
as greatly to the marine diet as they do to the diet of bald eagles foraging along inland rivers and

reservoirs (especially during fall and winter salmon runs).

Bald eagles do not interact with the Washington salmon gillnet fisheries, and coastal breeding birds are
probably not impacted by harvest because they rarely feed on salmon at this time of the year (Watson
and Pierce 1998). However, fall and winter spawning salmon are a critical food source for winter bald

eagles, especially along the major spawning rivers of western Washington.

3.8.5.4 Steller Sea Lion

The Steller sea lion was listed as threatened under the Endangered Species Act in 1990, after a decade
of 12 percent annual population declines in the Aleutian Islands and Gulf of Alaska (NMFS 2001a).
However, the eastern population segment that ranges from southeastern Alaska to California, has
remained stable or increased slightly (NMFS 2001a,b). There is no indication that Steller sea lions
breed in Washington, but each year a few hundred overwinter in the inland waters (Everitt et al. 1979),
likely originating from rookeries in Oregon and British Columbia (NMFS 2001b). A known haulout is
located on Sucia Island immediately north of Orcas Island within the San Juan Islands (Marine Catch
Area 7; Figure 3.3-1) (Angell and Balcomb 1982).

Steller sea lions use both nearshore and deeper (greater than 60 feet) waters. Diet studies in Oregon
showed a preference for Pacific whiting and lampreys, although Pacific herring, eulachon, anchovy,
sculpin, and salmon, were also important (Beach et al. 1985; Reimer and Brown 1996). Steller sea lions
are caught incidentally in fisheries. Perez and Loughlin (19918) estimated that 20,000 of these animals
were incidentally caught in the Alaska trawl fisheries between 1966 and 1988. Matkin and Fay (1980)
calculated that more than 300 were shot while interfering with the 1978 Copper River gillnet fishery.
Stellar sea lions have been occasionally taken in gillnets and trawls off Oregon and Washington

(NMFS 1992), but there are no reports of incidental captures in Washington inland waters.

3.8.5.5 Humpback Whale/Fin Whale

Humpback whales occur seasonally off the Washington coast, inhabiting continental shelf and shelf-
edge waters (Green et al. 1992; and Calambokidis et al. 2000, 2001). They rarely enter Washington
inland marine waters, although they were once so common that a whaling station was established at
Victoria, British Columbia (Schmitt et al. 1980). Today, just a very few humpback whales annually

frequent the Canadian side of the Strait of Juan de Fuca, and about every other year, humpbacks stray
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into Puget Sound (personal communication with John Calambokidis, Cascadia Research, Senior
Research Biologist, December 16, 2002). Humpback whales use of greater Puget Sound is likely too

infrequent to interact with the salmon gillnet fisheries.

There are no recently confirmed sightings of fin whales in the inland marine waters of Washington,
although they have been reported in the Strait of Georgia. However, in the past few years, three large
ships have docked in Puget Sound (Cherry Point, Everett, and Port of Seattle) with struck fin whales
still adhering to their bows (personal communication with John Calambokidis, Cascadia Research,
Senior Research Biologist, December 16, 2002). It is suspected that one of the whales was part of the
Strait of Georgia group, and another was struck in the western Strait of Juan de Fuca. However, there

are no reports of encounters with fin whales in Puget Sound salmon fisheries.

3.8.5.6 Pacific Leatherback Turtle

Pacific leatherback turtles were listed as endangered throughout their range under the jurisdiction of the
Endangered Species Act after experiencing precipitous declines in their nesting populations (NMFS
and USFWS 1998). Although they do not nest in U.S. Pacific waters, Pacific leatherback turtles do
inhabit the shelf and offshore Pacific Ocean waters of the United States, including Washington
(Bowlby et al. 1994), during the summer months. Their entanglement with fishing gear has been well-
documented in other areas (NMFS and USFWS 1998). However, leatherback turtle use of the inland
waters of Washington is accidental at best; therefore, this species is unlikely to interact with Puget

Sound salmon fisheries.
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3.9 Ownership and Land Use — Parks and Recreation

The Puget Sound Action Area includes marine and freshwater systems, and associated riparian and
nearshore areas. The majority of the surrounding land ownership is private (53%), followed by federal
(36%), state/local (10%), and tribal (1%) (see Figure 3.2-4).

Recreational land use within the action area includes state and federal parks, and privately-owned and
developed recreational facilities, including facilities with boat landings. The Interagency Committee for
Outdoor Recreation provides a website displaying information about Washington’s motorboat launches
by county (Interagency Committee for Outdoor Recreation 2003). Information presented was collected
during a 1998 field survey of all publicly-accessible motorboat launches in Washington State. Boat

launches within the Puget Sound Action Area, by county, are presented in Table 3.9-1.

Table 3.9-1.  Freshwater and saltwater boat launches in the 12 counties within the Puget Sound action

area.
Region Washington Freshwater Boat Saltwater Boat Total Boat
County Launches!? Launches!? Launches!?
Strait of Juan de Fuca Clallam 2 19 21
Jefferson 5 16 21
Hood Canal Kitsap 13 19 32
Mason 18 13 31
King 34 6 40
South Puget Sound Pierce 18 20 38
Thurston 14 6 20
Snohomish 23 6 29
Skagit 30 8 38
North Puget Sound Whatcom 20 9 29
Island 1 18 19
San Juan 4 13 17
Total 12 182 153 335

! Boat launches within the Puget Sound Action Area. Clallam, Jefferson, Thurston, and Mason Counties have
additional boat landings outside the action area.

Many of these publicly-accessible boat launches are owned and managed by either Washington
Department of Fish and Wildlife or Washington State Parks. The diverse Washington State Parks
system includes 125 parks and 250,000 acres of land managed. It ranks sixth among all 50 states in
number of areas managed, fourth in day-use attendance, and eighth in number of overnight visitors

served. Many of these parks are located on river banks, beaches and estuaries within the Puget Sound
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Action Area. Most offer opportunities for either saltwater or freshwater fishing (Washington Parks and

Recreation Commission 2002).

In a survey conducted by the Interagency Committee for Outdoor Recreation, it was estimated that 13
percent of the Washington state population annually participates in fishing (Interagency Committee for
Outdoor Recreation 2002). Using the results of the Interagency Committee for Outdoor Recreation
survey, the state’s 12-county population within the Puget Sound Action Area on April 1, 2000,
estimated at 3,978,513 citizens (Table 3.2-2), would translate into approximately 517,000 recreational
fishermen. This estimate includes persons fishing for salmon (within the scope of this Environmental
Impact Statement), and persons fishing for non-salmon species (not addressed by this Environmental

Impact Statement).
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Section 3 — Affected Environment

3.10  Water Quality

Marine water quality is a function of natural and anthropogenic (human-caused) processes. Natural
factors include climate (winds, tides, rainfall, upwelling processes), and biological processes such as
phytoplankton blooms. Primary anthropogenic factors include:

e Urban stormwater runoff

e Treated wastewater effluent

e Industrial discharges

e Agricultural practices (e.g., tilling that results in wind and water erosion of soil; applications of
fertilizer, pesticides and herbicides; runoff from dairy farms)

o Releases from failing septic systems
e Land management practices that affect runoff quantity and quality

e Other point and non-point source releases of contaminants.

Within the area encompassed by the Puget Sound Chinook ESU, over 1,300 streams and river segments

and lakes do not meet Federally approved, state and Tribal water quality standards and are now listed
as water quality limited under Section 303(d) of the Clean Water Act (DOE 2004). Tributary water

quality problems contribute to poor water quality where sediment and contaminants from the tributaries

settle in mainstem reaches and the estuary. The Washington Department of Ecology rated Puget Sound

water quality as generally good in most areas (Newton et al. 2002). The report identified a number of
specific locations where water quality has declined, due to low dissolved oxygen, fecal coliform
bacteria contamination, or an indication of sensitivity to eutrophication based on persistent layering of
waters of different densities (stratification) or nutrient conditions. Eutrophication is an increase in
nutrients, typically nitrogen or phosphorus, that can result in very large algal blooms. As the nutrients
are depleted, the algae die and sink to lower depths. The decomposition of the dead algae depletes the
dissolved oxygen in the water, reducing the ability of the water to support life. In Puget Sound,
eutrophication occurs due to a combination of weather patterns and nutrient inputs, typically from
runoff or wastewater sources, like wastewater treatment plant discharges or failing septic systems.
Areas of highest concern include southern Hood Canal, Budd Inlet, Penn Cove, Commencement Bay,
Elliott Bay, Possession Sound, Saratoga Passage, and Sinclair Inlet. The Puget Sound Water Quality
Action Team (PSWQAT 2002) provides a similar overview of water quality in Puget Sound with a

somewhat different focus that includes toxic contaminants and biological resources. In particular, this
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Section 3 — Affected Environment

report identifies areas with sediment contamination due to polycyclic aromatic hydrocarbons (PAHS) —

the most likely contaminants from vessel operations.

The potential for water quality impacts associated with implementing the Proposed Action or
alternatives is discussed in this Environmental Impact Statement in the context of vessel operations for
commercial, tribal, and recreational fishing. Potential impacts could occur in the form of turbidity and
sedimentation, and/or non-point source pollution from hydrocarbon spills or releases. Estimates of the
amount of vessel traffic on Puget Sound associated with fishing are not readily available, so it is not

possible to quantify the impacts of fishing versus other boating activities. However, there were 191,426

licensed vessels in 2002, with a corresponding 293 licensed non-treaty commercial fishers. Using

these figures, non-treaty commercial fishing vessels represent only one-tenth of one percent of the total

vessels registered by Washington Department of Licensing in Puget Sound. Hewever,Because salmon

fishing is just one of many boating activities that take place on Puget Sound, se-it is not expected that

fishing operations, either sport or commercial, will be a major factor in vessel activity.

3.10.1 Turbidity and Sedimentation
Vessel operations in and around moorage facilities and in other shallow areas have the potential to stir
up bottom sediments and cause short-term increases in turbidity in marine and freshwater areas. Boat

wakes may contribute to bank erosion in some areas.

3.10.2 Non-Point Source Pollution

The most likely pollutants attributable to the operation of fishing vessels are in the class of compounds
known as polycyclic aromatic hydrocarbons (PAHS). These include diesel fuel, gasoline and lubricants
that might be spilled directly into the water; unburned fuels and oils associated with the operation of
two-cycle engines such as outboard motors; and deposition of the products of combustion from larger
vessel engines. PAHs have limited solubility in water (Varanasi 1989), and are typically not found free
in the water column. Lighter fractions tend to come to the surface where they evaporate. Heavier
versions tend to sink to the bottom and adsorb to sediments. These contaminants can reenter the water
column if sediments are disturbed, and are known to cause problems for benthic organisms and fishes

that are in direct contact with the sediments (Puget Sound Water Quality Action Team 2002).

Treaty-Indian vessel owners are not required to register with Washington Dept. of Licensing. The count

of fishers includes licenses issued to non-treaty-Indian purse seine and gill net gears, and does not include fixed

reef net gear.
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Central and South Puget Sound have been identified as areas where PAH contamination is significant
(Puget Sound Water Quality Action Team 2002). This contamination primarily resulted from historic
use of creosote (a wood preservative) at specific locations, stormwater runoff from urban areas
(petroleum product residues in runoff from parking lots and roadways), and the byproducts of
combustion (wood burning, coal burning, and vehicle exhaust). Existing water quality problems
attributable to polycyclic aromatic hydrocarbons are the result of a multitude of small, chronic

contaminations, to which the operation of fishing vessels likely contributes.
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