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SUMMARY

The Biological Review Team (BRT) for the updated west coast chinook salmon status
review met in Seattle, 22-24 June 1999 to discuss new information recieved regarding the status of
four evolutionarily significant units (ESUs) under the Endangered Species Act (ESA) and re-
evaluate the ESU designations and risk determinations.

All four of the ESUs considered were proposed for listings under the ESA by NMFS
(1998a) in early 1998. Two of the ESUs were proposed for threatened listings (Central Valley
Fall- and Late-Fall Run and Southern Oregon and California Coastal Chinook Salmon ESUs), one
was the modification of an ESU already listed as threatened (Snake River Fall-Run Chinook
Salmon ESU), and one was proposed as endangered (Central Valley Spring-Run Chinook Salmon
ESU). The final conclusions of the BRT are summarized beiow.

ESU Configurations
Central Valley Spring-Run Chinook Salmon ESU

This ESU occupies the Sacramento River Basin, and includes chinook salmon entering the
Sacramento River from March to July and spawning from late August through early October,
with a peak in September.

The BRT reiterated its previous decisions that the spring run populations in the Central
Valley constituted a distinct ESU, and that the extirpated spring-run populations in the southern
portion of this ESU may have constituted their own ESU (based on ecological and
biogeographical data).

Central Valley Fall- and Late-Fail-Run Chinook Salmon ESU

This ESU occupies the Sacramento and San Joaquin River Basins and includes fall and
late-fall run chinook salmon. The BRT also reaffirmed its previous conclusion that Central .
Valley fall- and late-fall runs are different life history forms, but belong in the same ESU.
Additionally, the BRT concluded that further information was required to establish whether
chinook salmon spawning in tribuatries to San Francisco Bay were part of the Central Valley
Fall- and Late-Fali-Run or the California Coastal Chinook Salmon ESU.
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“Proposed” Southern Oregon and California Coastal Chinook Saimon ESU:
Southern Oregon and Northern Caiifornia Coastal Chinook Salmon ESU
California Coastal Chinook Saimon ESU,

The majority of the BRT concluded that the proposed Southern Oregon and California
Coastai Chinook Salmon ESU be split into two ESUs: Southern Oregon and Northem California
Coastal Chinook Salmon ESU, extending from Euchre Creek through the Lower Klamath River
(inclusive), and California Coastal Chinook Salmon ESU, extending from Redwood Creek south
through the Russian River (inclusive). This new ESU boundary is similar to that designated
between Klamath Mountain Province and Northern California Steelhead ESUs. The BRT
concluded that the Russian River Basin presently contained the most southern persistent
population of chinook salmon on the California coast.

“Proposed” Snake River Fall-Run Chinook Salmon ESU:
Deschutes River Summer/Fall-Run Chinook Saimon ESU
Snake River Fail-Run Chinook Salmoen ESU

The majority of the BRT felt that the proposed ESU configuration, combining ocean-type
fish in the Snake and Deschutes River Basins into one ESU, was not supported by the
information available. A slight majority concluded that the Deschutes River summer/fall-run
should be considered its own ESU, rather than be grouped with either the Snake River Fall-Run
or Upper Columbia River Summer- and Fall-Run Chinook Salmon ESUs. There was considerable
uncertainty on the historical configuration of this new ESU, specifically whether it included fall-
run populations in the John Day, Umatilla, and Walla Waila Rivers.

ESU Risk Determination
Central Valley Spring-Run Chinook Saimon ESU

A majority of the BRT concluded that the Central Valley Spring-Run Chinook Saimon
ESU is likely to become endangered in the foreseeable future, and a minority felt that it is
presently in danger of extinction. There was moderately high certainty in this risk evaluation.
The FEMAT voting method (FEMAT 1993) produced similar results—the majority of the
likelihood points were assigned to the “likely to become endangered” risk category.

Central Valley Fall- and Late-Fall-Run Chinook Salmen ESU

A majority of the BRT concluded that the Central Valley Fail- and Late-Fall-Run
Chinook Salmon ESU is not presently in danger of extinction, nor is it likely to become so in the
foreseeable future. A minority feit that this ESU is likely to become endangered in the
foreseeable future. There was moderate uncertainty associated with this risk evaluation The risk
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assessment using the FEMAT voting method produced similar results—a majority of the
likelihood points were distributed in the “not likely to become endangered” risk category.

Southern Oregon and Northern California Coastal Chinook Salmon ESU

The BRT was unanimous in concluding that the chinook salmon in the Southern Oregon-
Northern California Coastal Chinook Salmon ESU are not presently in danger of extinction, nor
are they likely to become so in the foreseeable future. The certainty in the risk evaluation was
moderately high. The risk scores using the FEMAT method indicated similar levels of risk to the
ESU-a majority of the likelihood points were assigned to the “not likely to become endangered”
risk category.

California Coastal Chinook Salmon ESU

A majority of the BRT concluded that the chinock salmon in the California coastal ESU
are likely to become endangered in the foreseeable future, and a minority felt that they are
presently in danger of extinction. The certainty in this risk evaluation was moderate. The risk
assessment conducted using the FEMAT voting method produced similar results—a majority of
the likelihood points were assigned to the “likely to become endangered” risk category, and a
sizeable minority were distributed in the “presently in danger of extinction” category.

Deschutes River Summer/Fall-Run Chinook Salmon ESU

Evaluation of the status of the ESU that includes the Deschutes River was difficult
because the historic and current extent of the ESU is not well characterized. For this reason, the
BRT did not attempt a formal extinction risk analysis for this ESU. However, the BRT did
discuss abundance, trend, and other information for the Deschutes River population(s). A
majority of the BRT concluded that ocean-type chinook salmon in the Deschutes River are not
presently in danger of extinction, nor are they likely to become so in the foreseeable future. A
large minority concluded that this population is likely to become endangered. The BRT was
highly uncertain in its risk determinations-most of the cerwainty scores were 2 or 3, and the
highest score was a 4.

Snake River Fall-Run Chinook Salmon ESU

The BRT conclusions did not substantially change the Snake River Fall-Run Chinook
Salmon ESU, and the status of this ESU was not revisited.
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INTRODUCTION

On 9 March 1998, the National Marine Fisheries Service (NMFS) published a federal
register notice describing 11 new evolutionary significant units (ESUs) and | modification of an
existing ESU for chinook salmon from the states of Washington, Oregon, California, and Idaho
(NMFS 1998a). The notice included a proposed rule to list as threatened or endangered seven
chinook salmon ESUs under the U.S. Endangered Species Act (ESA). This proposal was largely
based upon the status review conducted by the west coast chinook salmon biological review team
(BRT) convened by NMFS (Myers et al. 1998).

On 24 March 1999, NMFS announced its intention to delay by 6 months the final ruje
for the Central Valley Spring Run, Central Valley Fall/Late-Fall Run, and Southern Oregon and
California Coastal Chinook Salmon ESUs, and the modification of the Snake River Fall Run
Chinook Salmon ESU because of substantial scientific disagreements (Schiewe 1999). In May
and June 1999, the NMFS held several co-manager meetings with federal, state, and tribal
agencies to discuss and present new technical information and recent analysis of chinook salmon
data since the proposed rule. The BRT met in June 1999 to discuss comments and new data
received in response to the proposed rule and extension to determine if the new information
warranted any modification of the conclusions of the original BRT. This report summarizes the
final BRT conclusion on the follow ESUs: Central Vailey Spring Run, Central Valley Fall and
Late-Fall Run, Southern Oregon and California Coastal, and Snake River Fall Run Chinook
Salmon ESUs.

BACKGROUND INFORMATION

On 14 March 1994, the National Marine Fisheries Service (NMFS) was petitioned by the
Professionai Resources Organization-Salmon (PRO-Saimon) to list spring-ren populations of
chinook salmon (Oncorhynchus ishawytscha) in the North Fork and South Fork Nooksack River,
~ the Dungeness River2, and the White River as threatened or endangered species under the
Endangered Species Act (ESA), either singly or in some combination (PRO-Salmon 1994). At
about the same time, NMFS also received petitions to list additional populations of other Pacific
salmon species in the Puget Sound area. In response to these petitions and the more general
concerns for the status of Pacific salmon throughout the region, NMFS anmounced on 12
September 1994, that it would initiate ESA status reviews for all species of anadromous
salmonids in Washington, Oregon, California, and Idaho (NMFS 1994). Subsequent to this
announcement, NMFS was petitioned on 1 February 1995, by the Oregon Natural Resources

2 The use of the term “spring-run” to describe the chinook salmon returning to the Dungeness River has
been discontinued by state, tribal, and federal agencies. It has been replaced with the term “native,” but in this report
the term “spring-run™ has been retained for the purpose of maintaining consistency with older references to the stock.
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Council (ONRC) and Richard K. Nawa to list 197 stocks of chinook saimon either separately or
in some combination. The results of the status review are published in Myers et al. (1998).

In determining whether a listing under the ESA is warraﬁted, two key questions
must be addressed:

1) Is the entity in question a "species" as defined by the ESA?
2) If so, is the "species” threatened or endangered?

The ESA allows listing of "distinct population segments” of vertebrates as well as named
species and subspecies. However, the ESA provides no specific guidance for determining what
constitutes a distinct population, and the resulting ambiguity has led to the use of a variety of
criteria in listing decisions over the past decade. To clarify the issue for Pacific salmon, NMFS
published a policy document describing how the agency will apply the definition of "species” in
the ESA to anadromous salmonid species, including sea-run curthroat trout and steelhead (NMFS
1991). The NMFS policy stipulates that a salmon population (or group of populations) will be
considered "distinct” for purposes of the ESA if it represents an evolutionarily significant unit
(ESU) of the biological species. An ESU is defined as a population that 1) is substantially
reproductively isolated from conspecific populations and 2) represents an important component
of the evolutionary legacy of the species. _

If it is determined that a listing(s) is warranted, then NMFS is required by law (1973 ESA.
Sec. 4(a)(1)) to identify one or more of the following factors responsible for the species'
threatened or endangered status: 1) destruction or modification of habitat, 2) overutilization by
humans, 3) disease or predation, 4) inadequacy of existing regulatory mechanisms, or 5) other
natural or human factors. This status review does not formally address factors for decline; except
insofar as they provide information about the degree of risk faced by the species in the future if
current conditions continue. A separate document identifies factors for decline of chinook
salmon from Washington, Oregon. California, and Idaho (NMFS 1998b).

Previous Conclusions of the BRT
Central Valley Spring-Run Chinook Salmon ESU

There were lengthy discussions by the BRT concerning the disposition of spring runs in
‘the Sacramento River and a number of different scenarios were considered. The majority of the
BRT felt that the spring-run chinook salmon in the Sacramento River represented a separate
ESU. A minority felt that the spring-run fish are part of a larger ESU that also includes the fall
and late-fall runs. Based largely on environmental factors, the BRT also considered the
possibility that spring-run fish from the San Joaquin River were historically part of a separate
ESU, but little life history and genetic information was available to evaluate this hypothesis. The
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BRT feit that it was important to develop additional genetic information to elucidate the status of
the remnant spring-run populations in Butte, Deer, and Mill Creeks and their relationship to
spring-run fish from the mainstem Sacramento and Feather Rivers.

This ESU occupies the Sacramento River Basin, and includes chinook salmon entering the
Sacramento River from March to July and spawning from September through early October, with
a peak in September. Spring-run fish in the Sacramento River exhibit an ocean-type life history,
emigrating as fry, subyearlings. and yearlings. Marine coded-wire-tag (CWT) recoveries are
primarily from fisheries off the California and Oregon coast. Differences in adult size, fecundity,
and smolt size were also observed between spring- and fall-run chinook salmon in the Sacramento
River. DNA analyses indicated moderate differences between the spring, fall, and late-fall runs in
the Sacramento River.

Spring-run chinook salmon were once the predominant run in the Central Valley. Dam
construction and habitat degradation has eliminated spring-run populations from the entire San
Joaquin River Basin and from many tributaries to the Sacramento River Basin. Abundance has
declined dramatically from historical levels, and much of the present day production is from
artificial propagation. There are only a few naturaily-spawning populations remaining and these
all have relatively low abundances (<1000). Furthermore, there is concem that the Feather River
Hatchery propagated spring-run fish have been inadvertently hybridized with fall-run fish.
Hatchery release practices result in high levels of straying and an increased potential for hatchery
strays spawning with native fish. The majority of the BRT previously concluded that this ESU
was at risk of extinction in the foreseeable future.

Central Valley Fall and Late-Fall-Run Chinook Salmon ESU

A majority of the BRT felt that fall and late-fall chinook salmon in the Central Valley
represented a single ESU. Contrasting minority viewpoints were that 1) spring-run fish are part
of the same ESU that inciudes the fall and late-fall runs; 2) fall and late-fall runs constituted
separate ESUs; and 3) fall-run fish in the San Joaguin River Basin constituted their own ESU.

This ESU occupies the Sacramento and San Joaquin River Basins and includes fall and
late-fail run chinook salmon. These populations enter the Sacramento and San Joaquin Rivers
from July through March and spawn from October through March. Fish in this ESU are ocean-
type chinook salmon, emigrating predominantly as fry and subyearlings and remaining off the
California coast during their ocean migration. Fall-run chinook salmon in the Sacramento and San
Joaquin River Basins are physically and genetically distinguishable from coastal forms .

Total abundance in this ESU is relatively high, perhaps near historical levels. Howcv'er,
the status of populations in the San Joaquin River Basin are extremely depressed. Spawning and
rearing habitat quality through the ESU are severely impacted by agricultural and municipal water
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use activities. Returns to the hatcheries account for 20% of the spawning escapement, and
hatchery strays spawning in the wild may account for an additional 30% of the spawning
escapement. The exchange of stocks among Central Vailey hatcheries may have resuited in
considerable loss of among population genetic diversity. Furthermore, naturally-spawning
populations that are least influenced by hatchery strays are experiencing generaily negative trends
in abundance. Finally, refatively high ocean and freshwater harvest rates may threaten the
sustainability of naturaily spawning populations. The majority of the BRT felt that this ESU is
likely to become at risk of extinction in the foreseeable future (Myers et al. 1998).

Southern Oregon and Caiifornia Coastal Chinook Salmon ESU

This ESU, previously proposed by the BRT, includes native spring and fall runs of
chinook salmon south of Cape Blanco, Oregon. Historically, the range may have extended to the
Ventura River, California, but currently does not extend south of San Francisco Bay, California.
Also included in this ESU are populations m the Klamath River Basin from the mouth upriver to
the confluence of the Trinity and Klamath Rivers. Chinook salmon in this ESU exhibit an ocean-
type life history, with marine distribution predominantly off the California and Oregon coasts.
In contrast, populations north of Cape Blanco (Oregon Coast Chinook Salmon ESU) migrate in a
northerly direction, travelling as far north as British Columbia and Alaska. The Cape Blanco
region is a major biogeographic boundary for numerous species. Fall-run populations
predominate in this ESU, with the exception of the Rogue River Basin where there is a
substantial spring run. The status of naturally-spawning chinook salmon in San Francisco Bay
was not determined by the BRT due to a lack of information. Furthermore, the BRT was unable
to document the existence of extant naturally-spawning chinook salmon populations south of San
Francisco Bay. Ecologically, the majority of the river systems in this ESU are relatively small
and heavily influenced by a maritime climate.

A minority of the BRT felt that coastal chinook salmon from south of the Klamath River
should be considered a separate ESU. Allozyme data, which show some level of genetic
divergence between coastal chinook salmon populations north and south of the Klamath River,
support this argument, as do the establishment of ESU boundaries for steelhead south of the
Klamath River and for coho salmon south of Punta Gorda. A nearly total lack of biological

information for chinook salmon south of the Eel River makes this issue difficult to resolve.

Populations in this ESU have generally experienced declines in abundance from historical
levels, with the exception of populations in the Rogue River. Spring-run populations outside of
the Rogue River have undergone severe declines. There is an almost complete lack of abundance
data for coastal rivers south of the Klamath River, and many rivers which historically sustained
large populations of fall-run chinook salmon contain severely reduced populations or their
populations have been nearly extirpated. The BRT unanimously concluded that this ESU was
likely to become at risk of extinction in the foreseeable future.
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Snake River Fall-Run Chinook Saimon ESU

After considerable discussion, a plurality of the BRT concluded that the Deschutes River
population should be considered part of the Snake River Fall-Run Chinook Salmon ESU.
Separate minorities favored two other scenarios: 1) The Deschutes River population is part of a
separate ESU that, historically, also included ocean-type fish in the Umatilla, John Day, and
Walla Walla Rivers. Populations in the latter three rivers are considered to be extinct (Kostow
1995). 2) All ocean-type chinook salmon upstream of the historical site of Celilo Falls
(approximately the location of the Dailes Dam) belonged to one ESU. A further minority was
undecided on the ESU status of these populations. All of the BRT members were concerned
about the lack of definitive information for the Deschutes River population(s).

This ESU occupies tributaries to the Columbia River from the Dalles Dam to the
confluence of the Snake and Columbia Rivers, and inclusive of the Snake River Basin. It includes
all native populations of fall-run chinook saimon in the mainstem Snake River and the following
subbasins: Deschutes, John Day, Tucannon, Grand Ronde, Imnaha, Salmon, and Clearwater
Rivers. Previously, this ESU had only included fall-run chinook salmon from the Snake River
Basin, but based on new information presented in this review the ESU was expanded to include
the Columbia River populations listed above. Fish from this ESU exhibit an ocean-type life
history. Genetic and ocean migration differences contrast fish from this ESU with those from the
Upper Columbia Summer- and Fall-Run Chinook Salmon ESU. The BRT also noted ecological
differences between the Snake River Basin and the upper Columbia River (above the confluence
of the Snake River).

Historically the Snake River component of this ESU was the predominant source of
production. The 5-year average (1990-1996) for Snake River fall-run chinook saimon was about
500 adults (compared with 72,000 in the 1930s and 1940s). The abundance of naturaily-
spawning fish in the Deschutes River has averaged about 6,000 fish (1990-96). There was some
uncertainty as to the origins of fish spawning in the lower Deschutes River, and their relationship
to fish in the upper Deschutes River (above Sherars Falls). Extirpated populations in the John
Day, Umatilla, and Walla Walla Rivers are believed to have belonged to this ESU. Hydrosystem
development blocks access to most of the historical spawning habitat in the Snake River portion
of this ESU. Additionally, migration cormdors are affected by hydrosystem development. Snake
River fall-run chinook salmon are currently listed as a threatened species under the federal ESA.
The BRT concluded that the newly defined ESU (which includes the Deschutes River
population) is likely to become in danger of extinction in the foreseeable fixture.
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NEW INFORMATION
Comments on the Proposed Listing of Chinook Salmon ESUs
Comments with significant scientific content received as of June 22, 1999:

Alaska, State of (AK), 21 August 1998,
Snake River Fall Run
Association of California Water Agencies (ACWA), 29 June 1998,
Central Valley Spring Run ‘
Central Valley Fall and Late-Faill Run
Southern Oregon and California Coastai
Beyerlin, Steve, 7 May 1998,
Southern Oregon and California Coastal,
Boucher, David and Allison, 7 July 1998,
Central Valley Fail Run and Late-Fail Run,
Brookings Harbor Chamber of Commerce (BHCC), 7 July 1998,
Southern Oregon and California Coastal,
California Department of Fish and Game (CDFG), 14 Aug 1998 ,
Central Valley Spring Run
Central Valley Fall and Late-Fall Run
Southern Oregon and California Coastal
Upper Klamath and Trinity River 7
California Sportfishing Protection Alliance (CSPA), 12 May 1998,
~ Central Valley Spring Run
Central Valley Fall Run and Late-Fail Run
Southern Oregon and California Coastal
Cannon, Tom, 26 May 1999,
Central Valley Sprmg Run
Central Valley Fall and Late-Fall Run
Central Valley Project Water Association (CVPWA), 26 June 1998,
Central Valley Spring Run
Central Valley Fall and Late-Fall Run
City and County of San Francisco (CCSF), 30 June 1998,
Central Valley Fall Run and Late-Fall Run
Southern Oregon and California Coastal
Columbia River Inter-Tribal Fish Commission (CRITFC), 30 June 1998,
Snake River Fall Run
Confederated Tribes of The Warm Springs Reservation (CTWSRO), 29 June 1998,
Snake River Fall Run
Confederated Tribes of the Warm Springs Reservation (CTWSRO). 22 June 1999,



*%* Not for Distribution *** 7 *=* Dradecisional ESA Document ***

Snake River Fail Run ‘

Del Norte Board of Supervisors (DNBS), 24 June 1998,
Southern Oregon and California Coastali,

Department of Water Resources (DWR), 29 June 1998,
Central Valley Spring Run
Central Vailey Fall-Run and Late-Fall Run,

East Bay Municipal Utility District (EBMUD), 18 June 1998,
Central Valley Spring Run

~ Central Valley Fail Run and Late-Fall Run

Idaho Department of Fish and Game (IDFG), 17 May 1999,
Snake River Fall Run

Lower Rogue Watershed Council (LRWC), undated 1998,
Southern Oregon and California Coastal '

Northwest Forest Resource Council (NFRC), 8 June 1998,
Southern Oregon and California Coastal
Snake River Fall Run

Olympic Resources Management (ORM), undated, 1998,
Southern Oregon and California Coastal

Olson, Doug, August 4, 1998
Snake River Fall Run

Oregon Department of Fish and Wildlife (ODFW), 30 June 1998,
Central Valley Fall and Late-Fall Run
Southern Oregon and California Coastal
Snake River Fail Run

Oregon Department of Fish and Wildlife (ODFW), 9 September 1998,
Southern Oregon and California Coastal
Snake River Fall Run

Oregon Department of Fish and Wildlife (ODFW), 10 May 1999,
Southern Oregon and California Coastal

Oregon Department of Fish and Wildlife (ODFW). 16 June 1999,
Southern Oregon and California Coastal
Snake River Fall Run

Pacific Coast Federation of Fishermen’s Association (PCFFA), 30 June 1998,
Central Valley Spring Run -
Central Valley Fall and Late-Fall
Southern Oregon and California Coastal
Upper Klamath and Trinity River

Pacific Gas and Electric Company (PGE), 8 June 1998,
Central Valley Spring Run
Central Valley Fall Run, and Late-Fall Run

Patt, Olney (CTWSRO), 22 June 1999,



**x Nat for Distribution *** 8 *** Predecisional ESA Document ***

Snake River Fall Run
Southern Oregon and California Coastal
San Joaquin Tributaries Association and the Merced, Modesto, Oakdale, South San
Joaquin and Turiock Irrigation Districts (SJTA), 30 June 1998,
Central Valley Fall and Late-Fail Run
Siskiyou Project (SP), 30 January 1998,
Southern Oregon and California Coastal
Upper Klamath and Trinity Rivers
Smith River Advisory Council (SRAC), 12 June 1998,
Southern Oregon and California Coastal
South Coast Coordinating Watershed Council (SCCWC), 6 May 1998,
Southern Oregon and California Coastal
State Water Contractors (SWC), 30 June 1998,
Central Valley Spring Run
Central Valley Fall Run and Late-Fall Run
State of Alaska (AK), 21 August 1998,
Snake River Fall Run
Tehama-Colusa Canal Authority (TCCA), 25 June 1998,
Central Valley Spring Run
Central Valley Fall and Late-Fall Run
Tuolumne River Preservation Trust (TRPT), 30 June 1998,
Central Valley Fall and Late-Fall Run, , '
Turlock Irrigation District and Modesto Irrigation District (TIDMID), 29 June 1998,
Central Valley Fall and Late-Fail-Run,
United States Department of the Intenior (USDI), 23 July 1998,
Central Valley Spring Run
Central Valley Fall and Late-Fail Run
Snake River Fail Run,
Utter, Fred, 22 June 1998,
Central Valley Spring Run
Central Valley Fall Run and Late-Fall Run
Washington Department of Fish and Wildlife (WDFW), 13 July 1998,
All ESUs
Washington Department of Fish and Wildlife (WDFW), 11 May 1999,
Snake River Fall Run
Yurok Tribe (YT), 18 June 1999,
Southern Oregon and California Coastal
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General Comments:
CRITFC (1998) presented a number of general comments on the West Coast Status Review.

1) CRITFC (1998) argued that the use of ESUs is not specifically provided for in the
ESA, and that ESUs do not correspond to Distinct Population Segments (DPS).
a). Electrophoretic data cannot be used to imply evolutionary significance
b). Electrophoretic differences do not imply local adaptation
c). NMFS assumes that the dominant force affecting the divergence of gene
frequencies is natural selection.
2) NMFS did not use the best scientific and commercial information in its analysis of
artificial propagation programs.
3) NMFS makes arbitrary decisions on risk determinations, and does not make use
of the best scientific methods for determinations of extinction risk.

WDFW (1998) identified what they considered to be several “inconsistencies” in the
determination of ESU boundaries.

1)That the genetic distance between Columbia River ocean-type ESUs was

greater than the distances between coastal ESUs. Figures presented in the West Coast
Status Review (Myers et al. 1998) did not provide a useful comparison of these
distances.

2) WDFW (1998) believed that the use of the terms ocean and stream-type might be
misleading to the reader. Grouping ESUs and their component populations into one
of two groups might downplay the diversity that exists within and between ESUs.

3) WDFW (1998) was concerned that criticai habitat and ESU boundaries in the
proposed rule did not extend beyond impassable dams. They noted that several
currently “impassable” dams are expected to be removed or made passable, and the
status of fish recolonizing these areas needs to be addressed.

NFRC (1998) disagreed with proposed listings for six ESUs: Southern Oregon and
California Coastal, Puget Sound, Lower Celumbta River, Upper Willamette River, Upper
Columbia River Spring Run, and Snake River Fall Run. They did not provide comments on any
additional ESUs. _

1) They argued that there was insufficient scientific information presented to justify

* the establishment of the six chinook salmon ESUs discussed. Information was lacking
concerning a number of “key” criteria for defining ESU. NFRC (1998) contended that
NMFS did not find any life history, habitat, or phenotypic characteristics that were
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unique to any of the ESUs discussed. Furthermore, they disagreed with evolutionary

significance of allozyme differences. Disagreement within the BRT was also given as
a reason for challenging the proposed listing decision.

2) They argued that recent declines m abundance in the six ESUs were related to
patural factors: avian predation, marine mammal predation, and especially changes in
ocean productivity. Until ocean conditions improved, the potential for recovery was
extremely limited. Furthermore, they contend that NMFS did not show how the’
present declines were significantly different from natural variability in abundance, nor
that abundances were below. the current carrying capacity of the marine environment
and freshwater habitat.

3) In an examination of causal factors for decline and existing risks NFRC (1998) lists
a number of anthropogenic factors not sufficiently addressed in the West Coast Status
Review (Myers et al. 1998) or Federal Register Notice (NMFS 1998a). They
highlight the fact that much of the remaining freshwater habitat classified as “good to
fair” is located in forested lands, while there has been a considerable loss of estuarine
and lower river (floodplain) habitat. This environmental modification would most
strongly impact coastal ocean-type fish. Competition and predation resulting from
the introduction of exotic species may also be reducing salmonid survival and the
potential for recovery. Lastly, the modification of the hydraulic characteristics of
many rivers in combination with the interruption of fish migration by dams has
severely limited the production potential of natural populations.

ESU Specific Comments:

Central Valley Spring-Run Chinook Salmon ESU-CDFG (1998a) indicated that
spring-run chinook salmon in the Sacramento River Basin do not begin spawning until late
September, rather than August, as stated in the Status Review. Furthermore, CDFG (1998a) was
concerned that the BRT was inconsistent in separating spring and fall runs in the Central Valley
but not in the upper Klamath River Basin. ’

ACWA (1998) feit that Central Valley Spring-Run populations have remained stable
although at low levels of abundance. Current fluctuations are consistent with natural terrestx:ial
and ocean productivity cycles. ACWA (1998) suggested that information on cohort replacement
rates, the level of interaction between fall and spring runs, and the impact of various factors
relating to the survival of emigrating juveniles and returning adults need to be further investigated
befqre a listing determination can be made. Furthermore, conservation actions to restore habitat
unc%er various programs, such as CALFED, are sufficient to prevent this ESU from becoming
extinct.
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PGE (1998) comments listed several programs that are underway to provide improved
fish passage through PGE operated facilities. Programs on Battle and Cow Creek, and the Yuba
River involved modified flow regimes, improved passage facilities, and improved monitoring.
Furthermore, they believed that because of the limited number of hatchery fish released into
Butte Creek the genetic integrity of this spring-run population was intact.

CSPA (1998) comments agreed with the proposed listing for this ESU. They cited low
abundance, loss of habitat, and degradation of remaining habitat. Additionally, they asserted thar
FERC had failed to adequately provide protect for chinook salmon in the Central Valley. _

Cannon (1999) concurred with the proposed listing for spring-run chinook salmon in the
Central Valley. He further listed several factors for decline that impact the spring run: predation
by non-native species, dam and reservoir operations, catastrophic stranding, incorporation of
naturaily produced salmon into hatchery broodstocks, and competition and predation by
hatchery chinook salmon and steeihead on naturaily produced chinook salmon. He suggested that
the recent increases in Butte Creek spring run chinook salmon were due to high flows through the
Sutter Bypass during the recent wet years. Spring-run adults returning to the upper Sacramento
River would be attracted to the Bypass and routed up into Butte Creek. Therefore, spring-run
fish currently spawning in Butte Creek represent an amalgamation of fish from the upper
Sacramento River and its tributaries.

SWC (1998) comments describe in some detail efforts being made to improve freshwater
habitat and migration corridors for chinook salmon via the Bay-Deita Accord and CALFED.
Similarly, changes in harvest management to reduce the commercial and recreational barvest have
resulted in a decreased risk facing Central Valley chinook salmon stocks. Current abundances are
low, but the trends are generally positive (especially in Butte Creek). SWC (1998) also states
that regulatory mechanisms exist to protect chinook salmon, without resorting to the ESA.

DWR (1998) did not support an endangered listing for this ESU, but felt a threatened
listing was more in order. They based this decision on the relatively stable population sizes for
most spring-run fish over the last twenty years, and the increasing abundance found in Butte
Creek. Genetic studies indicate that spring-runs in Butte, Deer, and Mill Creeks are more similar
to each other than to Sacramento River fall run and late-fall run chinook salmon, and that NMFS
incorrectly suggested that the Butte Creek populations were the product of hatchery releases.
DWR (1998) also noted that the DNA work by D. Hedgecock (U.C. Davis) was not designed to
distinguish runs in the Central Vailey, but rather identify winter-run fish from the other runs.
Furthermore, habitat restoration programs planned, or in progress, under the CALFED and other
agreements greatly reduced the current and future risks facing these fish. DWR (1998) stated that
- the majority of habitat degradation for this ESU occurred decades ago, and the quality of the
remaining spring run habitat has probably improved in recent years. According to DWR (1998),
NMFS also needed to consider the impact of the State of California’s ESA listing for spring run,
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actions by NMFS and the PFMC to protect winter-run chinook salmon which benefit spring run
population, and the DWR’s 4-pumps program.

Utter (1998) (peer reviewer) stated that the genetic information presented was not

sufficient to justify the creation of a separate Spring-Run Chinook Salmon ESU and Fall- and
Late-Fall Run Chinook Salmon ESU.

USDI (1998) expressed the hope that conservation programs, such as the Central Valley
Project Improvement Act (CVPIA) and CALFED, could be used to address many of the risk
issues rather than resorting to an ESA listing.

TCCA (1998) comments highlighted the conservation programs that are currently
underway in the Central Valley. It was also pointed out that trends were computed for a 10 year
pericd (since 1984) which included 6 drought years. TCCA (1998) also pointed out that there
were no commercial or recreation harvest estimates for the spring run.

PCFFA (1998) agreed with NMFS that current abundances are low, but stable. They felt
that habitat restoration programs may further reduce risk facing the spring run populations;
however, water diversion allowed under the Bay-Delta Accord may actually negatively impact
emigrating spring-run juveniles. The possibility of a California Endangered Species Act listing
may provide sufficient protection to eliminate the need for a federal ESA listing. PCFFA (1998)
recommended that NMFS not list this ESU, but if a listing decision was made that it should be
“threatened” and not “endangered”.

CVPWA (1998) disagreed with NMFS's proposed listing, asserting that conservation
programs that are currently in place, in addition to those proposed, are sufficient to reduce the
risk of extinction facing this ESU.

Central Valley Fail and Late-Fall Run Chinocok Salmon ESU--CDFG (1998a)
disagreed with the conclusions of the BRT in regards to the risk analysis of this ESU. They
highlighted habitat restoration programs that are underway throughout the Central Valley.

ACWA (1998) presented a number of arguments concerning the proposed listing for this
ESU. Firstly, they recommended that fall and late-fall runs be established as separate ESUs.
Differences in spawn timing, rearing, and emigration periods were given as the rationale for this
action. They disagreed with the BRT in concluding that a large proportion of the ESU has been
lost or is in danger of extinction. San Joaquin River tributaries, they assert, have improved
substantially in recent years. They also asserted that the overall abundance in the ESU is very
“near historical levels” as stated in Myers et al. (1998). Based on their interpretation of the ’
Myers et al. (1998), they submit that high harvest rates and hatchery programs were largely
responsible for conditions that the BRT felt put the ESU at risk. ACWA (1998) suggested that
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NMES had other regulatory means at its disposal to correct these factors, rather than employing
the ESA. The ACWA (1998) comments also focused on the issue of hatchery produced fish.
They argued that NMFS needs to identify which hatchery popuiations are in the ESU and which
are not before making any conclusions on the status of this ESU. Additionally, since there was
considerable uncertainty in distinguishing natural and hatchery chinook salmon voiced by the
BRT, ACWA (1998) believed that making any listing decision was not possible. If the two
types of chinook are indistinguishable then hatchery fish should be included in abundance
estimates for risk determination. ACWA (1998) also pointed out that the only two stocks in this
ESU identified by Nehisen et al. (1991) were the San Joaquin and Cosumnes Rivers, which were
of “special concern”, and this category did not require a regulatory protection. Finally, ACWA
(1998) listed several conservation programs that were presently underway in the Central Valley
and for which funds had been committed for the foreseeable future.

TRPT (1998) agreed with the decision to list Central Valley Fall Run Chinook Saimon.
Habitat degradation and loss have severally depressed Central Valley fall-run populations,
especially in the San Joaquin River Basin. Haichery programs and fishery impacts need greater
scrutiny to assure the sustainability of the Central Valley chinook salmon in the long-term. The
TRPT (1998) also acknowledged the conservation programs that are currently underway or being
proposed, but concluded that they were insufficient to reduce the risks facing this ESU. The
TRPT (1998) comments also included data which indicated a rising proportion of CWT fish
being recovered in tributaries to the San Joaquin, furthermore, these CWT estimates did not take
into account the contribution of unmarked hatchery-reared fish.

SJTA (1998) comments included a listing of existing and planned conservation efforts
(e.g. modified flow and flow ramping rates, temperature monitoring and control, and gravel
restoration) in rivers throughout the San Joaquin River Basin. Additionally, there were a number
of juvenile and adult monitoring studies, both planned and underway. It was the opinion of the
SJTA (1998) that these efforts reduced the risk of extinction faced by chinook salmon in this
ESU, and that a listing was not warranted.

PGE (1998) comments listed several programs that are underway to provide improved
fish passage through PGE operated facilities. Programs on Battle and Cow Creek and the Yuba
River involved medified flow regimes, improved passage facilities, and improved monitoring.

David and Allison Boucher’s comments addressed what they felt was the inability of
CDFG to provide adequate protection to native chinook salmon in the San Joaguin Basin
{Boucher and Boucher 1998). The release of unmarked hatchery fish was cited as an unexcusabie
practice that complicates the restoration of native fish. Furthermore, they felt that the sport
fishery that was allowed on the Merced River was an unacceptable risk. Finally, habitat
restoration efforts on the Stanislaus and Tuolumne Rivers by CDFG were very limited and
inadequate for the recovery of this ESU.
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CSPA (1998) agreed with the proposed listing for this ESU. They feit that although total
abundance is high, the majority of these fish are hatchery produced. Furthermore, they
encouraged NMFS to determine the number of wild fish remaining in the Central Valley. In
determining the risks facing this ESU, CSPA (1998) suggested that NMFS use the San Joaquin
Basin as a benchmark.

Cannon (1999) concurred with the proposed listing for fail-run chinook salmon in the
Central Vailey. He further listed several factors for decline that impact the fall run: predation by
non-native species, dam and reservoir operations, catastrophic stranding, incorporation of
naturaily produced salmon into hatchery broodstocks, and competition and predation by
hatchery chinook salmon and steelhead on naturally produced chinook salmon.

EBMUD (1998) provided extensive comments regarding the proposed listing for Central
Valley Fall Run chinook salmon. EBMUD (1998) asserted that recent run sizes for the San
Joaquin Basin have been increasing, in part due to improvements in habitat (gravel, temperature)
and flow. EBMUD (1998) aiso described in detail improvement in habitat that would result from
the CALFED program, and that these results were predictable given the definitive nature of the
program and the guaranteed nature of the funding. They believed that the BRT was incorrect in
not including hatchery produced fish in abundance estimates (due to the high degree of
interbreeding between naturally produced and hatchery produced fish). Furthermere, the BRT
did not conclusively show that hatchery produced fish were a risk to naturally-produced fish.
EBMUD (1998) also outlined changes in the hatchery program at the Mokelumne River
Hatchery to reduce the proportion of imported eggs used in production. Alternatively, if
hatchery impacts were great, NMFS should conclude that the Central Valley Fall Run and Late- -
Fall Run Chinook Salmon ESU was similar to the Lower Columbia River Coho Salmon ESU and
exclude the Central Vailey Chinook Salmon ESU from consideration for listing. EBMUD (1998)
also suggested that NMFS reexamine the inclusion of both fall run and late-fail run fish into one
ESU.

CCSF (1998) comments concerned status of hatchery fish in the Cenrral Valley and the
importance of considering hatchery fish in the risk determination, NMFS needed to define
hatchery fish, provide a method for distinguishing hatchery and natural production, and justify
the exclusion of hatchery fish from the risk determination (given that the majority of the.
broodstock originated from within the ESU). CCSF (1998) also asserted that the small river
systems that flow into San Francisco Bay did not historically support chinook salmon.

SWC (1998) asserted in their comments that there is no justification in the ESA to
separate hatchery and naturally produced fish from abundance estimates. The SWC (1998) also
suggests that critical habitat be extended into ocean fishery areas. SWC (1998) comments
describe in some detail efforts being made to improve freshwater habitat for chinook salmon via
the Bay-Delta Accord and CALFED. Additionally, SWC (1998) believe that changes in hatchery
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practices in the Central Vailey have reduced the risk presented by hatchery produced fish.
Similarly, changes in harvest management to reduce the commercial and recreational harvest have
resulted in a decreased risk facing Central Valley chinook salmon stocks. SWC (1998) also
asserted that Central Vailey chinook salmon populations have historically undergone extreme
fluctuations in abundance due to environmental fluctuations, and NMFS did not adequately take
these fluctuations, and the ability of the natural populations to recover, into account when
assessing the risk of extinction. SWC (1998) also states that regulatory mechanisms exist to
protect chinook salmon, without resorting to the ESA.

TIDMID (1998) stated that escapement in the Tuolumne River has undergone
considerable fluctuations since monitoring began in the 1940s. Currently, the abundances are
increasing following severai years of drought during the early 1990s. Estimates of CWT
recoveries indicate that approximately 20% of the natural escapement is from tagged groups
(there is no expansion of unmarked groups). The majority of these CWT fish are from releases of
Merced River Hatchery Fish into the Tuoiumne River. TIDMID (1998) agreed with NMFS that
ocean harvests have been high (0.65 in 1996-97), and the impact on rivers with natural
production (like the Tuolumne River) may be excessive. TIDMID (1998) also cited several
factors that significantly influence the survival of chinook saimon from the Tuolumne River: 1)
the Delta Pumps which killed 35-44 percent of subyearling juveniles and 55-67 percent of
yearling juveniles (1973-1988), 2) predation by introduced bass species. TIDMID (1998) also
outlined a number of restoration projects that are underway in the Tuolumne River Basin which
should benefit chinook salmon. Additionaily, efforts are underway to reduce the number of
Merced River fish released in the Tuolumne River. TIDMID (1998) indicated that the use of
more recent data for the Tuolumne River would produce a positive trend rather than the negative
trend presented in Myers et al. (1998). TIDMID (1998) also highlighted the wide range of risk
scores submitted by the BRT (as an indicator of inconsistency), and was criticial of the use of
averages to produce a final determination.

DWR (1998) did not support a threatened listing for this ESU. They argued that habitat
restoration programs planned, or in progress, under the CALFED and other agreements greatly
reduced the current and future risks facing these fish. DWR (1998) stated that because naturally-
produced and hatchery-produced fish are genetically indistinguishable, they should not be
excluded from abundance-based risk estimates. Altematively, the situation in the Central Valley
fall-run and late-fall run ESU is similar to that found in the Lower Columbia River with coho
salmon. In the case of coho salmon, NMFS determined that no listing was warranted because the
ESU had ceased to exist. DWR (1998) did not agree with the NMFS determination that the San
Joaquin River Basin constituted a significant portion of the ESU, and the depressed nature of San
Joaquin fall run stocks was not an adequate basis for a listing. They contended that NMFS also
needs to consider the impact of the State of California’s ESA listing for spring run, actions by
NMEFS and the PEMC to protect winter-run chinook salmon which benefit spring run
population, and the DWR’s 4-pumps program.
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USDI (1998) expressed the hope that conservation programs, such as the Central Valley
Project Improvement Act (CVPIA) and CALFED, could be use to address many of the risk
issues rather than resorting to an ESA listing.

TCCA (1998) comments highlighted the conservation programs that are currently '
‘underway in the Central Valley. It was also pointed out that trends were computed for a 10 year
period (since 1984) which inctuded 6 drought years. They also highlight the high overall
escapement level for this ESU, and in light of NMFS’ inability to distinguish between hatchery
and naturally-produced fish TCCA (1998) felt that there was not sufficient evidence to justify a
listing.

The PCFFA (1998) did not believe that a listing is warranted for this ESU. Although
numerous habitat problems were cited, there have been a number of improvements in the Centrai
Valley. Overall abundance is quite high, and further research is needed to better understand the
influence of hatchery-produced fish. The PCFFA (1998) also called for more genetic sampling to
determine if the San Joaquin River Basin should be established as a separate ESU, although they
stated that the much of the San Joaquin fall-run return were merely strays from the Sacramento
River.

CVPWA (1998) disagreed with NMFS’s proposed listing asserting that conservation
programs that are currently in place, in addition to those proposed, are sufficient to reduce the
risk of extinction facing this ESU.

Southern Oregon and California Coastal Chinook Salmon ESU--Although CDFG
(1998a) argued for a splitting of fall- and spring-run stocks in the Upper Klamath and Trinity
River Chinook Salmon ESU to provide better protection for the spring-run chinook salmon, they
did not do so for this ESU because “both stocks [runs] are in big trouble...”. CDFG (1998a) ’
wondered whether data were available for populations in the Smith River and Blue Creek.

The ACWA (1998) disputed the southern border of the ESU. They asserted that there is
no definitive proof that chinook salmon populations existed in any of the San Francisco Bay
tributaries. Furthermore, they stated that with the extinction of native chinook salmon in the
Russian River that there are no chinook salmon population in Marin County. ACWA (1998)
proposed that ESU boundaries should extend no farther south than to the limit of extant chinook
salmon populations.

PGE (1998) comments listed several programs that are underway to provide improved
fish passage through PGE operated facilities. PGE has improved fish passage facilities at the
Cape Hom Dam, and is currently developing minimum flow levels with FERC for the Eel River.
PGE (1998) also discussed the risks to chinook salmon in the Eel River Basin by the introduction
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of the Sacramento squawfish (Ptychoicheilus grandis) in the late 1970s. Increases in the number
of squawfish in the Eel River Basin corresponded with declines in chinook salmon during the
1980s and 1990s. Additionally, PGE (1998) believed that the chinook salmon population in the
Russian River was never historically abundant,

SRAC (1998) suggested that this ESU be divided into two ESUs: 1) the Transboundary
ESU from the Rogue River south to the Klamath River, 2) the California Coast ESU from
Redwood Creek to San Francisco Bay. This division would be based primarily on existing
genetic evidence, although DNA studies that are currently underway may shed further light on
this situation. Furthermore, SRAC (1998) stated that population trends in the California portion
of the Transboundary ESU are positive and that the Transboundary ESU would not require a
protection under the ESA.

PCFFA (1998) did not believe that a listing was warranted for this ESU. They were
concerned about diversions of water from the Eel River, but indicated that existing regulatory
mechanism existed to address these issues, but only if they were properly enforced. It was also
indicated that the coho salmon listing should provide adeguate protection for chinook salmon in
this ESU. '

ORM (1998) provided information on the status of Lobster Creek, 4 tributary to the
Rogue River. This information outlined the historical causes of habitat degradation in the Rogue
River Basin and current conservation and monitoring programs that are underway or planned for.
the Lobster Creek Basin. Many of these activities were coordinated among a number of agencies
as part of the Oregon Coastal Salmon Restoration Initiative and Forest.

Steve Beyerlin, President of the Curry Guide Association, did not agree with the NMFS
proposal to list this ESU (Beyerlin 1998). It was suggested that the ESU be divided into two
ESUs: 1) from the Rogue to the Smith River (inciusive), and 2) from below the Smith River to the
mouth of the Sacramento. Respondents base this decision on the large geographic size of the
existing ESU, lower rates of straying in chinook salmon relative to steethead—yet, steelhead have
more finely divided ESUs, and the physical distinctiveness of Rogue River chinook salmon
relative to fish in the Klamath and Sacramento Rivers. Beyerlin (1998) also suggests that NMFS
has underestimated the impact of predators (such as cormorants) on chinook salmon population.

The LRWC (1998) argued that existing ESU be split into two ESUs, those populations
north or south of the Eel River (with the Eel River in the southem ESU). They stated that
geophysical and genetics differences were sufficient to justify this split.

BHCC (1998) disagreed with the NMFS proposed boundaries for this ESU. They
suggested that geological, hydrological, and topographical differences found within the existing
ESU are of sufficient magnitude to justify splitting the ESU (although the number and actual
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boundaries of the new ESU(s) were not given). Furthermore, they also highlighted the differences
between this ESU and the ESUs for coho salmon and steelhead in the same geographic area.

DNBS (1998) disagreed with the proposed boundaries and status of this ESU. Their
interpretation of biological and genetic information in the SR indicates that the proposed ESU
should be divided into two ESUs, 1) a “Transboundary” ESU that extends southward to the
Klamath River (inclusive), and 2) a California Coast ESU. Furthermore, DNBS (1998) believe
that the “Transboundary” ESU status to be not at risk of extinction.

SCCWC (1998) disagreed with the proposed boundary and status of this ESU, citing
geological differences between areas in this ESU (i.e. the Klamath Mountains and California
Coast Range Geological Provinces are very distinct). Additionally, SCCWC (1998) asserts that
the ESU does not correspond with the fishing areas (that are, in part, determined by NMFS),
such as the Klamath Management Zone, were are supposed to be biologically based. Existing
ESUs for coho salmon and steethead would indicate that a finer scale of division is called for.
Furthermore, if an ESU including Southern Oregon and Northern California Coastal is established,
it should not be recommended for listing as threatened or endangered.

SP (1998) recommended that spring-run chinook salmon be identified as a distinct ESU.
They indicated that spring-run fish are at a higher risk of extinction in most ESUs because of 1)
their run timing and extended freshwater holding period, which makes them more vulnerabie to
fishing and predation; and 2) their use of headwater regions that have suffered more extensive
degradation relative to mainstem “fall-run” areas. Additionally, the SP (1998) identified the
INlinois River chinook salmon as being at considerable risk. Finally, they expressed little
confidence that the Northwest Forest Plan is adequately enforced, and can offer little protection
for chinook salmon.

ODFW (1998b, 1999¢) disagreed with the boundaries for this ESU. Their interpretation
of the genetic information suggested thar two ESUs existed within the Southern Oregon and
California Coastal Chinook Salmon ESU: 1) a Southern Oregon/Northern California “ESU” and 2)
a California Coastal “ESU.” Furthermore, ecological and geological differences between their
suggested ESUs were substantial and would have a considerable influence on the life history and
local adaptation differences between chinook salmon populations in these regions. They
highlighted the fact that there were no yearling outmigrants in the southern portion of this ESU,
but that yearling migrants in the northern portion are indicative of life history and underlying
ecological differences between their two suggested ESUs. ESU boundaries established for
‘steelhead and coho salmon further suggest that a biological transition zone exists to the south of
the Klamath River Basin.

ODFW (1999a) provided updated abundance data for several chindok salmon populations
in the northern part of the proposed ESU, which supports an improving trend in abundance for
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many basins. ODFW ( 1999a) also provided revised abundance estimates for Rogue River spring-
run spawning escapement. ODFW highlighted the fact that a number of hatchery/STEP
programs had been discontinued or reduced since the BRT last reviewed this ESU. In conclusion,
ODFW believes that the “Southern Oregon and Northern California ESU” does not warrant
protection under the ESA.

YT (1999) highlighted genetic and life history differences from a number of sources that
supported the split in the Southern Oregon and California Coastal Chinook Saimon ESU at the
lower Klamath River. They also raised a number of issues regarding the boundary between the
coastal ESU(s) and the Upper Klamath and Trinity Rivers Chinook Salmon ESU. Although they
concurred with NMFS in placing the Blue Creek fall-run chinook salmon with other coastal
populations (specifically the northern portion of the proposed Southem Oregon and California
Coastal Chinook Salmon ESU), they suggested that further study was necessary prior to deciding
the status of other chinook salmon populations in the lower Klamath River.

Snake River Fall-Run Chinook Salmon ESU-CRITFC (1998) argued that in spite of
the lack of significant genetic differences among fall chinook salmon populations above
Bonneville Dam, NMFS amputated the Deschutes and Lyons Ferry samples from the “cloud” of
points describing Upper Columbia River populations. Furthermore, since summer-run chinook
salmon were the predominant run timing in the Columbia River Basin, the fall- and spring-run
populations are remnants of the tails of a normal distribution of run timing. Therefore, separate
" fall and spring ESUs may interfere with the recovery of summer chinook- _

CTWSRO (1998) responded with two main criticisms of the Status Review Process. 1)
That the ESU designation is incorrect. Firstly, because the ESA makes no provision for ESUs,
only species, subspecies, and DPSs. Secondly, because there are a number of important life
history traits that were not adequately considered in comparing Snake River and Deschutes River
fall-nm chinook salmon. CTWSRO (1998) specificaily discussed differences in age at
maturation, run timing, spawning timing, and emergence timing. Additionally, the genetic data
does not adequately show that Deschutes and Snake River populations have a strong affinity for
each other. Furthermore, they discuss differences in the Snake and Deschutes River Basins’
hydrologies, water quality, and temperatures. 2) NMFS did not consider 1997 escapement data
and trends in determining risk analysis.

In subsequent comments the CTWSRO (1999) and Patt (1999) presented life history,
genetic, and ecological information that further supported the separation of the Snake River fall-
run from Deschutes River summer/fail-run fish. CTWSRO (1999) and Patt (1999) argued that
there is very little genetic differentiation between all fall-run chinook salmon above the Dalles
Dam. Also, examination of age structure data indicated a stronger similarity between fall-run fish
from the Hanford Reach and the Deschutes River, than between fall-run fish from the Snake and
Deschutes Rivers. They further suggested that similarities in ocean distribution between Snake
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River and Deschutes River fail-run fish is based on a limited number of ocean recoveries and
should not be given much consideration. They further argue that ecological conditions in the
Deschutes River Basin are unique to the upper Columbia and Snake River Basins. Finally, they
suggested the summer-run that may have existed in the Deschutes River exhibited an ocean-type
life history and that this would have evolutionarily more closely resembled the situation in the
upper Columbia River, rather than the Snake River Basin.

Doug Olson (Olson 1998) supported the minority BRT opinion that the Deschutes River
fail-run chinook salmon should be part of an ESU that includes the John Day, Umatilla, and
Walla Walla River Basins; however, further information was required to resoive the ultimate
placement of the Deschutes River and Marion Drain populaticnsin an ESU.

ODFW (1998b, 1999¢) did not agree with the NMFS proposed incorporation of the
Deschutes River fall-run chinook salmon into the Snake River Fall-Run Chinook Salmon ESU.
They questioned the origin and integrity of the existing Snake River fall un. The magnitude of
the genetic differences observed between Snake River fish and those in the Deschutes River and .
the mid/upper mainstem Columbia River was not consistent with differences used to define other
ESUs. The clustering of populations, they suggested, was subject to the interpretation of the
geneticist. Ecological differences were also presented. The historical spawning habitat for the
Snake River fall un was located well above the Hells Canyon, which is ecologically quite distinct
from that found in the lower Snake River (where the fish currently spawn) and the Deschutes
River Basin. They further suggested that fish displaced from the mid-Columbia River by the
construction of John Day Dam were displaced into the Snake River at a time when Snake River
populations were severely depressed. An altemative ESU configuration would include the
existing population(s) in the Deschutes River Basin and the populations that historically existed
in the John Day, Umatilla, and perhaps the Walla Walla and Klickitat Rivers. Given the
relatively healthy status of the existing population, they recommended that this population not
be listed. ODFW (1999¢) suggested an alternative configuration that would group the Deschutes
River fall-run chinook salmon population with the Upper Columbia River Summer- and Fall-Run
Chinook Salmon ESU.

AK (1998) agreed with NMFS in the inclusion of the Deschutes River population into
the Snake River Fail-Run Chinook Salmon ESU (“Available scientific and commercial data clearly
support the conclusion that they are from the same evolutionary lineage and therefore should be
considered together as one ESU”.) Additionaily, NMFS should include the Lyons Ferry
Hatchery population into the ESU for purposes of risk determination. AK (1998) also asserted
that jacks should be included in the ESU abundance for the risk determination. Finally, AK
(1998) presented information that indicates that the 1978 abundance was lower than the 1990
abundance. This was based on the inclusion of non-Snake River strays in to 1978 abundance
estimate, and the exclusion of Lyons Ferry fish and strays from outside of the ESU in the 1990
estimates. Given the abundance of naturally-spawning fish in the Deschutes River and fish
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returning to the Lyons Ferry Hatchery, it was the opinion of AK (1998) that this ESU is not in
danger of extinction, now or in the foreseeable future.

IDFG (1999) disagreed with the inctusion of the Deschutes River into the Snake River
Fail-Run Chinook Salmon ESU, but concurred with a minority opinion that grouped the
Deschutes River with “extinct” populations in the John Day, Umatilla, and Walla Walla Rivers.
They stated that a host of uncertainties relative to the genetic characteristics, CWT data, and
recent history of the Deschutes River population(s), make separating the Deschutes River fall-
run chinook salmon from the Snake River Fall-Run Chinook Salmon ESU a reasonable step.
Furthermore, the creation of distinct Snake River and Deschutes River ESUs would be a more
effective management structure. :

USDI (1998) agreed with NMFS in including the Deschutes River fall-run chinook salmon
in the Snake River Fall-Run Chinook Saimon ESU.

WDFW (1999) did not comment directly on the inclusion of the Deschutes River into the
Snake River Fall-Run ESU, but argued for the continued exclusion of Marion Drain fall-run
chinook salmon from either the Snake River Fall-Run Chinook Salmon ESU or a Deschutes River
Fall-Run complex.

Scientific Disagreements on Proposed Rule

The following is a summary of issues presented in a memorandum (Schiewe 1998) related
to four evolutionarily significant units (ESUs) of chinook salmon that have been proposed for
listing under the Endangered Species Act (ESA) and for which there remain substantial scientific
disagreements about bioiogical data and its interpretation. These ESUs are: Central Valley Spring
Run, Central Valley Fall and Late Fall Runs, Southern Oregon and Califomia Coastal, and Snake
River Fall Run. The configuration of an additional ESU, Upper Klamath and Trinity River,
which was not proposed for listing, but for which.there is substantial scientific disagreement may
require further review.

Sources for the information discussed below include public and peer-review comments
received on the proposed listing.

L. Issues Relating to ESU Definitions

L.1. Inclusion of spring and fall-rum chinook salmon in the same ESU.--A noumber
of co-managers and several of the peer-reviewers felt that in a number of cases where spring- and
fall-run chinook salmon were included in the same ESU, distinct ESUs should have been
established. These recommendations were substantiated with information on ecological
differences in spring and fall-run spawning and juvenile rearing habitat. Furthermore, it was
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argued that separation in spawning time and location provided a significant amount of
reproductive isolation, even in those systems where dams had restricted access to historical
spring-run spawning habitat. Several of the commenters highlighted these ecological and life
history differences in those ESUs where genetic data were limited or lacking. Furthermore, the
commenters stated that the lumping of different runs was inconsistent given the creation of
distinct fall- and spring-run ESUs in the Central Valley of California. Alternatively, Utter (1998)
(peer reviewer) indicated that the genetic differences observed between the Centrai Valley Fall-
and Late-Fall Chinook Salmon ESU and Central Vailey Spring-Run Chinook Salmon ESU were
not compeiling enough to justify their separation into two ESUs.

ESUs affected: Southern Oregon and California Coastal, Central Valley Fall and Late-Fall,
and Central Valley Spring Run.

Comments: The relationship between different chinook salmon temporal runs within the
same geographic area varies depending on the region. For example, in Puget Sound and in the
Columbia River, considerable information is available on the relationship between spring- and
fall-run populations. The two runs are well differentiated by both genetic and life history traits
in the upper Columbia and Snake Rivers, whereas the same characters show only meodest
differences between runs in Puget Sound. These patterns are well established and would not be
likely to change if additional information were gathered.

Relationships in some other areas, especially those south of Cape Blanco, Oregon, are
much less clear. At the time of the Coastwide Status Review (Myers et al. 1988) the BRT had
limited genetic information on the relationship between spring and fall runs in the Central Valley
and Klamath River Basin. The only allozyme information available for spring-run chinook
salmon in both of these regions is from hatchery broodstocks. Furthermore, available information
suggests that these “spring-run” broodstocks have undergone significant hybridization with fall-
run chinook salmon returning to the Feather River Hatchery in the Central Valley. In the Upper
Klamath and Trinity River Chinook Saimon ESU, there was no genetic information available for
naturally-spawning populations. The majority of the BRT conciuded that the case for separating
the spring and fall runs in this ESU ona habitat and life-history basis alone was not as compelling
as was the case in the Central Valley. New genetics information pertinent to this issue is
presented and discussed in this memo.

I. 2. Southern Oregon and California Coastal Chinook Salmon ESU
Configuration--Oregon Department of Fish and Wildlife (ODFW 1998b), CDFG (1998a), and a
number of other commenters disputed the geographic boundaries of this ESU. Comments
focused on two main issues: 1) splitting the ESU just south of the Klamath River, and 2) revising
the southern boundary to the Russian River or north of the Russian River. Regarding the first
issue, genetic data presented in the Status Review indicated that this ESU contained two
somewhat distinct subgroups. Populations separated into two geographically distinct regions,
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with the break between the Klamath River and Redwood Creek. Reviewers argued that the
genetic distance that this separation occurred at was comparable to that used to define ESUs in
the upper Columbia River Basin. Furthermore, it was argued that there were considerable
ecological differences between the northern “Transboundary ESU” and the southern “California
Coastal ESU”. These geological and environmental differences had been used, in part, by the
steelhead BRT to define the boundary between the Klamath Mountain Province and Northern
California Steelhead ESUs. ODFW (1998b) further contended that the depressed stawms of
chinook salmon in the southern portion of this ESU was dramaticaily different from that found in
the northern part, and that the causal factor(s) for this difference may be related to environmental
differences between the regions of this ESU.

Regarding the second issue of the ESU’s southern border, several citations were given to
substantiate their claim that self-sustaining chinook salmon populations do not presently, and
never did historically, exist in river basins south of the Russian River or in San Francisco Bay.
Additionally, they contend that chinook salmon native to the Russian River are extinct, and that
the historical abundance of the population was never very large and may have been intermittent.

Comments: In the BRT discussions prior to the proposed listing, a minority of the BRT
had concluded that this ESU should be split into two ESUs. Part of the rationale for the majority
of the BRT deciding not to divide the ESU was the absence of biological information on
populations in the southern portion of the ESU. Although genetic information was available for
some southern stocks, a majority of the BRT felt that, in the absence of other supporting
information, the genetic differences observed were not large enough to support splitting the
ESUs.

At the time of the proposed listing, information on the historical distribution of chinook
salmon south of the Mattole River was very limited. Historical records from the turn of the
century indicate that the southernmost population was in the Ventura River. The extant coastal
populations south of the Mattole River include: fall-run population(s) in the Ten-Mile
(Mendocino County), Noyo, Garcia, and Russian Rivers. CDFG (1998a) and other reviewers
concluded that the native run in the Russian River was extirpated early in this century, and
genetic information and hatchery transfer records indicate that the current population is
composed of a myriad of introduced stocks. Chinook salmon have also been observed spawning
in the Guadalupe River (south San Francisco Bay), but the BRT was unable to resolve thé origin
of this population. '

New information received since the proposed listing and the BRT conclusions related to
these issues are discussed at length later in this memo.

1.3 Snake River Fall-Run Chinook Salmon ESU Configuration--ODFW (1998b),
Confederation Tribes of the Warm Springs Reservation (CTWSRO 1998), CRITFC (1998), and
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other reviewers disagreed with the inclusion of the Deschutes River fall-run chinook salmon into
this ESU. They argued that the Deschutes River and Snake River Basins are ecologically distinct.
Furthermore, the geographic distance between these basins would preclude any significant genetic
exchange, especially if one considers the historical spawning distribution of the Snake River
chinook salmon. There were a number of scenarios given to explain the genetic similarity
between the Deschutes River and Snake River fall-run populations. One scenario presented by
ODFW suggested that due to the loss of the majority of their historical spawning habitat, the
existing Snake River Fall-Run Chinook Salmon ESU no longer represented the historic
population. An alternative view was that the genetic differences between all ocean-type chinook
salmon above the Dalles Dam were relatively small, and the clustering of populations was subject
to possible bias depending on the analytical procedures used. It was also stressed that the
existing allozyme information was acquired after the Columbia River Basin had undergone
considerable alterations (mainstem dam construction) and many of the native populations had
been extirpated. It was also suggested that the marine coded-wire tag (CWT) recovery
information for the Deschutes River fall-run, was potentially biased due to the limited number of
tags recovered and the limited number of broodyears that were tagged. CTWSRO (1999) and

Patt (1999) asserts that an ocean-type summer-run existed (and may still exist) in the Deschutes
River, and this would evolutionarily link the Deschutes River ocean-type fish more with ocean-
type fish in the Upper Columbia Summer- and Fall-Run Chinook Salmon ESU. Some reviewers
suggested that all ocean-type chinook salmon above the historical location of Celilo Falls should
be considered one ESU. The most commonly suggested alternative ESU configuration included
the Deschutes River, and the now extinct populations that were in the John Day, Umatilla, and
Walla Walla Rivers, as a separate ESU.

Comunents: The BRT had considerable uncertainty regarding the ESU configuration for
these populations, and none of the alternatives considered (inciuding the configuration in the
proposed rule) was favored by a majority of the members. New information has been presented
to the BRT by the CTWSRO (1999), Patt (1999), and ODFW (1999b) This information and
the discussion by BRT are presented later in this memo.

IL. Issues Related to Risk Analysis

I1.1. Consideration of existing conservation programs--A number of comments were
received from state and municipal water authorities, irrigation districts, and power companies
indicating that the NMFS did not adequately consider gxisting conservation programs. Examples
of programs ranged from the Central Valley-wide CALFED program, to more localized efforts to
improve fish passage, water release temperature control, and improvements in flow release
ramping rates in a single watershed. It was also highlighted that many of these efforts are
occurring in basins with important naturally-spawning populations (Battle Creek, Cow Creek,
Butte Creek, Tuolumne River, Mokelumne River).
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ESUs affected: Central Valley Fail and Late-Fall Run, Central Valley Spring Run, and
Southern Oregon and California Coastal

I1.2 Distinguishing naturally-produced and hatchery-produced chinook salmon--
ACWA (1998) and other resources agencies disagreed with the NMFS conclusion that a
considerable portion of the naturally-spawning population in the Central Valley were hatchery
strays. They argued that in the absence of definitive information regarding the proportion of
strays spawning naturally that the BRT could not adequately define risks. Additionally, they
argued that if hatchery and natural populations were indistinguishable then hatchery abundance
should be included in the risk determination process.

ESUs affected: Central Valley Fail and Late-Fall Run

The (California) DWR (1998) and CDFG (1998a) presented genetic information which
indicates that the spring-run chinook salmon population in Butte Creek is not the result of strays
from the Feather River Hatchery as was speculated by the BRT. The 1998 abundance estimate
for the Butte Creek spring run is approximately 19,000 spawners. If these fish are included in
the total abundance estimate for the Central Valley Spring-Run Chinook Salmon ESU there is a
several fold increase in abundance.

ESUs affected: Central Valley Spring Run

The State of Alaska (AK 1998), CDFG (1998a), and several other commenters challenged
the NMFS exclusion of hatchery fish abundances from the risk assessment. They argued that in
many instances hatchery and naturally-spawning fish have co-mingled for generations. These
fish are genetically indistinguishable and effectively represent one population. In many cases the
persistence of naturaily-spawning fish has been dependant on the continued operation of the
hatchery program. Under these conditions, they contend, hatchery abundances should be
included in the assessment of the risk of extinction for an ESU.

ESUs affected: Puget Sound, Lower Columbia River, Upper Willamette River, Snake
River Fall Run, Central Valley Fall and Late-Fall Run
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ESU CONFIGURATIONS
New Information on ESU Configurations
Genetic Information

, NMES recently analyzed new genetic data for California chinook salmon. In 1998 and
1999 NMFS, CDFG, USFWS, and USFS collected sampies of spawned adult chinook salmon
from 13 rivers and hatcheries in the Central Valley and Klamath River Basin (Table 1). The new
samples were analyzed along with allozyme data for California and southern Oregon chinook
salmon that were previously used in the NMFS coastwide status review (Myers et al. 1998).
Genetic relationships among popuiations were examined with cluster analyses of Cavalli-Sforza
and Edwards (1967) chord distances using 34 polymorphic loci that were available from the
combined data sets.

The population structure revealed by the new analysis of allozyme data was consistent
with the delineations of major genetic groups described in previous genetic studies of California
and southern Oregon chinook salmon (Utter et al. 1989, Bartley et al. 1992, Myers et al. 1998).
The most genetically divergent group of samples were from the Central Valley (Figs. 1 and 2).
The remaining samplies formed two large geneﬁc groups composed of samples from the Klamath
River Basin and those from coastal rivers. The single sample from the lower Klamath River, Blue
Creek, was included in the cluster of coastal samples. The samples from coastal rivers were’
further differentiated into two subclusters of samples from rivers south of the Klamath River and
those to the north (including the Blue Creek sample).

Within the Central Valley, the most genetically divergent sample was from the Coleman
NFH winter-run population (Fig. 3). Spring-run chinook salmon sampled from Deer and Butte
Creeks were distinct from the winter-run fish sampie and also from sampies of fall- and late-fail
chinook salmon from the Central Valley. The Deer Creek and Burte Creek samples were
genetically distinct from each other. The sampie of spring-run chinook salmon from the Feather
River Hatchery was genetically intermediate between spring- and fall-run samples and most
similar to the sample of Feather River Hatchery fall-run chinook salmon. Samples of fail-run and
late-fail run populations formed a diverse subcluster that included samples from both Sacramento
and San Joaquin populations. :

Several subclusters appeared within the samples of chinook salmon from the Klamath
River Basin (Fig. 4). The sample from Blue Creek was the most genetically distinct of all the
samples from the Klamath River Basin. Samples from the Trinity and Salmon rivers (both fall-
and spring-run populations) clustered separately from samples from rivers in the upper Klamath
River Basin. The sample of fall-run chinook salmon from the South Fork Trinity River did not
cluster closely with any other sample.
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.qurc 1. Unweighted pair group method with arithmetic averaces (UPGMA) dendrogram of
Cavalli-Sforza and Edwards (1567) chord distances based on 34 alla7yme loci between 41
composite samples of chinook salmon from California and southemn Oreg gon. Samrle numbers
correspond to those in-Table 1. Data are from Utter et al. 1989, Bartizy et al. 1992, and NMFS

unpublished.
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California and southern Oregon
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‘Figure 2. Multidimensional scaling (MDS) of Cavalli-Sforza and Edwards (1967)
chord distances based on 34 allozyme loci between 41 composite samples of chinook
salmon from California and southern Oregon. Sample numbers correspond to those in

" Table 1 and to the dendrogram in Figure 1. Dara are from Utter et al. 1989, Bartley et

al. 1992, and NMFS unpublished.
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Central Valley

Fall, late Fall

Fall, late-fall

Figure 3 Multidimensicnal scaling (MDS) of Cavalli-Sforza and Edwards (1967)
chord distances based on 34 allozyme loci between 13 composite samples of chinook
salmon from California’s Central Valley. Sample numbers correspond to those in

Table 1. Data are from Utter et al. 1989, Bartley et al. 1992, and NMFS unpublished.
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Klamath River Basin
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Figure 4. Multidimensional scaling (MDS) plot of Cav.alli-Sfoxza and E.dwards (1967) chord
distances based on 34 allozyme loci between 9 composite samples of chinook salmon from
the Klamath River Basin. Sample numbers correspond to those in Table 1. Data are from
Utter et al. 1989, Bartley et al. 1992, and NMFS unpublished.
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Microsatellite DNA variation has aiso been used in recent swdies to examine genetic
relationships among populations of chinook salmen in California. Nielsen et al. (1994) surveyed
10 microsatellite loci in samples taken in 19 Central Valley rivers and hatcheries to study genetic
diversity within and among winter-, spring-, fall-, and late-fall runs of chinook salmon. Samples
were collected in more than a single year from 16 locations. Analysis of molecular variance
showed that 10.7% of microsatellite allelic variation could be attributed to year-to-year variations
within populations. Only 6.6% was attributable to differences among temporal spawning runs,
suggesting relatively recent within-basin divergence of spawning timing. The Sacramento River
winter-run population was the most genetically divergent population examined in their study and
was most closely related to spring-run chinook salmon from Butte Creek. Paired comparisons of
microsatellite allelic frequencies among spring-run chinook salmon demonstrated significant
differences in fish collected from Deer, Mill, and Butte Creeks. Spring-run populations as a
whole were differentiated from other spawning runs (winter, fall, and late-fall runs)

Nielsen also found significant heterogeneity among fall-run hatchery stocks and also
among natural spawning fall-run populations but there was no significant geographic structure at
the basin level for wild fall-run chinook salmon. However, comparisons of wild fall-run carcasses
and hatchery stocks suggest that naturally-spawning fall-run fish in several basins retain some
degree of genetic distinctiveness not found in hatcheries. Allele-frequencies for carcass
collections made on the American, Tuolumne, Merced, and Feather Rivers were significantly
different from samples of hatchery populations found within the same drainage. Merced and
Mokelumne Rivers were found to be most similar to hatchery populations on their respective
rivers. The heterogeniety comparisons for some wild fall-run carcass collections may have been
biased by small sample sizes (<20). Fall-run hatchery populations were differentiated from
populations of other run-times but samples of wild fall-run populations were not compared to
populations of winter-, spring- or late-fall runs.

Narurally spawning late-fail run fish were differentiated in allozyme analysis from all
other populations including Coleman NFH late-fall run salmon. The namural spawning late-fall
run population was most genetically similar to either winter-run fish or the Coleman NFH late-
fall population, depending on the genetic distance measure used. Nei’s genetic distance indicated
that late-fall run populations were most similar to hatchery fail-run populations.

Banks et al. (1999) studied 5 to 11 microsatellite loci in 41 samples to assess genetic
diversity among winter-, spring-, fall, and late-fall run chinook salmon in California’s Central
Valley. Samples were collected from 1991 through 1997 at 19 localities. Prior to analysis,
samples were corrected for run admixture (by removing individuals which were identified as
belonging to other temporal runs) and then pooled into homogeneous samples within each run.
Six samples had sigpificant linkage disequilibria, which can be an indication of genetic admixture,
Removal of small numbers of fish brought three of these samples into equilibrium. Significant
linkage disequilibrium remained in two fall-run samples from Coleman NFH and a wild fall-run
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sample from the Sacramento River despite the removal of substantial numbers of fish. These
samples were dropped from subsequent analyses that assessed genetic differentiation among run-
times. The largest set of homogeneous samples within each run was then determined by
stepwise removal of individual samples until Fsr for the remaining popuiation pool was
nonsignificant (p = 0.05). Five homogeneous sub-populations were found: 1) wild and hatchery
broodstock winter-run (1996 sample excluded), 2) wild spring-run from Deer and Mill Creeks, 3)
wild spring-run from Butte Creek (1994 sample excluded), 4) wild and hatchery fall-run
(American River wild 1995, Stanislaus River wild 1995, Merced River wild 1995, Coleman NFH
1994 excluded), and 5) wild and hatchery late-fall ran. Winter-run samples were the most
genetically divergent. Butte Creek spring-run chinook saimon were the next most divergent,
followed by spring-run samples from Deer and Mill Creeks. Fail and late-fall runs were
separated by a very small genetic distance. It is noteworthy that the sampie of Burte Creek
spring-run fish did not show evidence of introgression from Feather River hatchery fall-run stock.
However, fewer alleies and lower heterozygosities in both winter-run and Butte Creek spring-run
samples indicate that these populations may have experienced past reductions in population size.

Banks et al. (1999) used 5 microsatellite loci to investigate genetic relationships among 11
fall- and spring-run chinook salmon populations in the Klamath River and to compare these
populations to chinook salmon from the Central Valley. Despite extensive experimentation, no
homogeneous population pools were found. Thus, population samples were kept separate and a
unweighted pair group method with arithmetic averages (UPGMA) dendrogram was constructed
using Nei’s (1978) genetic distance. The dendrogram revealed two large clusters of populations.
Klamath River Basin populations were differentiated from Central Valley populations. Winter-
run chinook salmon were genetically distinct and did not cluster with other populations. Within
the Klamath River Basin, Blue Creek from the lower Klamath River was the most genetically
divergent population. The most upstream populations from the Klamath River (Scott River,
Shasta River, and Iron Gate Hatchery) were differentiated from subciusters of fail- and spring-run
popuiations in the Trinity and Salmon Rivers.

_ Nielsen et al. (1994) and Nielsen (1995) examined mitochondrial DNA variation in 14
samples of chinook salmon from Central Valley rivers and hatcheries and 1 sample from
Guadalupe River, a southern tributary of San Francisco Bay. Fisher’s exact comparisons
between spring-run samples from Deer Creek (n=15) and Butte Creek (n=27) were not
significant, and 2 comparison between wild (n=22) and hatchery (n=8) late-fall was also not
significant. Both spring-run and late-fall run were different in mtDNA haplotype frequency from
winter- and fall-runs. Nielsen et al. (1999) concluded that their data support their earlier
conclusions (Nielsen et al. 1994) that fall-, late-fall, spring-, and winter-runs of Central Valley
chinook salmon show consistently significant differences for the mtDNA locus, indicating
infrequent straying and limited gene flow among the temporal spawning runs,
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Pairwise comparisons of mtDNA samples among rivers showed no significant differences
among samples of fall-run chinook salmon collected from carcasses in the Stanislaus (n=11),
Merced (n=12), and Tuolumne (n=8) Rivers. Allele frequencies for the samples of fall-run
carcasses were compared to those in samples of fall-run fish from Merced (n=60), Feather
(n=98), Nimbus (n=52), and Mokelumne (n=14) hatchery populations. The Stanislaus River
wild chinook salmon sample was significantly different from all of the hatchery populations
except Nimbus Hatchery (American River). The Merced River carcass sample was only different
from Feather River Hatchery. Fish from the Tuolumne River were not significantly different
from any of the fall-run hatchery populations. Nielsen et al. (1999) concluded that additional
sampling is needed to test for significant genetic differences among natural spawning and hatchery
populations of fall-run chinook salmon.

A sample of chinook salmon from Guadalupe River (n=29) showed significant haplotype
frequency differences from samples of the four spawning runs in the Central Valley, primarily
due to a hapiotype (CH9) found in 2 fish in the Guadalupe River sampled at the Alameda
Expressway. This haplotype has not been observed in fish from the Central Valley but has been
found in samples of Russian River chinook salmon. The remaining 27 samples from the
Guadalupe River could not be differentiated from chinook salmon from the Merced and Feather
River hatcheries using mtDNA.

Kim et al. (1999) et al. examined genetic variation in a major histocompatibility complex
exon in winter-, spring-, fall- and late fall-run aduit chincok salmon taken from the upper
Sacramento River between 1991 and 1995. There were a total of four aileles in the samples. An
analysis of population structure indicated that winter-run chinook salmon were the most
~ genetically distinct. Fall- and late fall-run samples were closely related to each other. Spring-run
samples were genetically intermediate between the winter and fall-/late fall-runs. A sample of
Butte Creek spring-run chinook salmon was genetically similar to mainstem spring-run samples.

On 22 June 1999, the Confederated tribes of the Warm Springs Reservation provided the
BRT with a preliminary report of genetic studies of fall-run chinook salmon in the Deschutes
River (CTWSRO 1999). Both allozyme and mtDNA loci were used to address the question “Ts
the Deschutes fall chinook population more genetically and demographically related to the Snake
River fall chinook populations than to any other population in the Columbia Basin?” Adult fish
were sampled from the Deschutes River and from Priest Rapids and Lyons Ferry hatcheries for
mtDNA analysis. Nucleotide diversity and divergence among populations was considered very
low. Allozyme analysis was based on samples of juvenile chinook salmon collected from
populations in the Deschutes, Clearwater, Grande Ronde, and Columbia (Hanford Reach) rivers
and Lyons Ferry and Priest Rapids hatcheries. In the Deschutes River, juvenile fish were
collected from above and below Sherar’s Falls. Genetic markers were used to separate fall- and
spring-run chinook saimon in the juvenile samples. Large proportions of spring-run individuals
were found in the samples from the Clearwater (28 of 77) and Grande Ronde (16 of 40) Rivers.
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The new samples were analyzed along with allozyme data from previous studies. The authors
concluded from the mtDNA and allozyme data that there is little or no gcogréphic organization of

the fall-run genetic data and no compelling evidence to support adding the Deschutes River to the
Snake River Fall-Run Chinook Salmon ESU.

Ecological and Life History Information

Central Valley Spring Run Chinook Salmon ESU--The apparent rebound of spring-
run chinook salmon in the Butte Creek Basin warrants a review of available historical and current
information concerning this population. Yoshiyama et al. (1996) reported that spring, fall, and
probably late-fall runs of chinook salmon historicaily utilized Butte Creek. Gold mining, lc;gging
activities, and irrigation withdrawals have all had a considerable impact on habitat quaht’y (Clark
1929, Hanson et al. 1940). In 1917, two diversion dams were constructed by PG & E. The
Centerville Diversion Dam eliminated access to the upper watershed (Mills and Ward 1996).
Clark (1929) reported that the fail run had declined dramatically, and summer flows in the lower
river had been reduced by irrigation withdrawals. There was no mention of the status of a spring
run. A survey by Hanson et al. (1940) reported that much of the upper watershed had been
logged off, and mining operations continued to impact the river flow. It was reported that “ none
of the flow of Butte Creek except perhaps a little seepage reaches the Sacramento River during
this summer (Hanson et al. 1940).”

Yoshiyama et al. (1996) reported that Butte Creek spring-run chinook salmon enter the
creek in February through April (compared to May or June for Feather River spring-run chinook
salmon). USFS monitoring (which began in 1930) indicated that flows in Butte Creek peak during
the February to June period (peaks vary from 1000 to over 10,000 cfs, 25,000 cfs in 1997), but
are below 100 cfs during much of the remainder of the year (USGS 1999). Although Butte ZZreek
originates in the Sierra Nevada Mountains (2000 m), spring run adults spawn at a relatively low
altitude (300 m), in part because of the absence of passage at the Centerville Dam. Yoshiyama et
al. (1996) were uncertain if spring-run chinook salmon historically migrated above a 7.6 m
waterfall located near the Centerville Dam. Spring-run chinook salmon spawn in September.
Juveniles emigrate primarily as fry (December - March) and may rear in the Sacramento River
Delta for extended periods (Baracco 1996). Fall-run chinook salmon are reported to spawn
further downstream, below the Parrot-Phelam Dam (Y oshiyama et al. 1996).

Central Valley Fall and Late-Fall Run Chinook Salmon ESU-Much of the new
information concerned the ESU status of the San Joaquin River Basir relative to the Sacramento
River Basin. The San Joaquin River Basin includes the Mokelumne, Consumnes, Calaveras
Stanislaus, Tuolumne, and Merced Rivers. Historically, salmon also utilized the Kings Riv;r

during years of high precipitation (Yoshiyama et al. 1996). Ecologically, the Consumnes and
Calaveras are distinct from the other San Joaquin River Basin tributaries in that their flows are
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influenced by rainfall rather than snow melt. Historically, fall-run chinook salmon were present
in all of the basins, and there is some evidence that a [ate-fail run may have existed in the
Mokelumne River (Yoshiyama et al. 1993). Furthermore, Reynolds et al. (1993) described a
“winter-run” population that spawned in the Calaveras River from 1972-1984; however, this
population appears to have been extirpated and its relationship with other temporal runs in the
Central Valley was never established. [mpassible dams and water withdrawals have severely
reduced the quantity and quality of salmon habitat in the San Joaquin River Basin. Presently,
only 45 percent of the total historical chinook salmon habitat is accessible (not inchudirig habitat
in the Kings River Basin). Much of the habitat lost would have been utilized by spring run
chinook salmon; moreover, water conditions in the remaining habitat are degraded. Ecologically,
rivers in the San Joaquin (including the Mokelumne River) and American River Basins experience
peak flows in May, fed primarily by snow melt from the Sierra Nevada Range. Geologicaily, the
Sierra Nevada Range is very different from the volcanic structure of the Cascades that constimute
the headwaters for most rivers in the northern portion of the Central Valley.

There is little historical information concerning the life history characteristics of fail-run
chinook salmon in the San Joaquin River Basin. Fail-run chinook salmon in the San Joaquin River
Basin enter freshwater in late September or October (depending on water conditions), and spawn
in November and December, with some spawning continuing into January. The mean date of
entry (for the years 1974-95) into the trap at the Merced River Fish Facility is 21 October. In
1939, Hatton (1940) reported that the date of river entry for the fall run varied from early and
mid-October for the Tuolumne and Merced Rivers, early November for the Mokelumne River,
and early December for the Consumnes River. The majority of juveniles emigrate during their
first winter (January to March). The run and spawn timing currently exhibited by fall-run fish in
the San Joaquin River Basin may not reflect historical timing due, in part, to changes in river flow
and temperature conditions over the last century. However, it is clear that the environmental
conditions in the San Joaquin River represent the extreme of chinook salmon temperature
tolerance. In the 1870s, salmon were observed migrating through the San Joaquin River in July
and August when water temperatures were in excess of 26° C (USFC 1876). Despite an
apparent tolerance to high water temperatures conditions San Joaquin River Basin chinook
salmon populations continued to decline until only the late portion of the fall run remained to
ascend the tributaries (Clark 1929).

The age at maturation for fall-run chinook salmon varies considerably from year to year,
due to differential survival of emigrating juveniles and retumning adults related to water conditions.
Most notably, a number of female San Joaquin River fall-run chinook salmon mature after only
two years (Myers et al. 1998).

Southern Oregon and California Coastal Chinook Salmon ESU--Little new
information on the life history traits is available for this ESU. The timing of adult chinook
salmon passage over damns in the Mad River (Sweasey Dam) and South Fork Eel River (Benbow
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Dam) in 1948-49 (Murphy and Shapovalov 1950) does not indicate a shift in run-timing when
compared with recent information presented in Myers et al. (1998), indicating that introductions
of out-of-basin stocks have had little observable impact.

Review of ocean distribution information collected in 1986-1989 (Gall et al. 1989)
suggests that there may be geographic and timing differences in the ocean distribution of chinook
salmon from the Smith River and Southern Oregon relative to the more southenly Eel River and
other coastal stocks.

There was little information available on the southern limit of self-sustaining chinook
populations in this ESU. Cobb (1930) discussed the existence of fail-run populations in the
Noyo and Mattole Rivers; furthermore, the Noyo River fall-run population was large enough to
sustain a small fishery early in this cenrury. Clark (1940) estimated that the salmon catch in the
Eel River during 1916 was nearly 450,000 kgs, and 32,000 kgs. in the Mad River during 1918,
Snyder (1908) described the presence of chinook salmon in the Russian River; however,
Shapavalov (1944) made no mention of the presence of chinook salmon in the Russian River. In
October of 1972, 2 number of salmon (no identification of the species was possible) were
observed spawning in the Russian River below Dry Creek (Holman 1972). Nielsen et al. (1994)
reported that mtDNA haplotypes from some of the fall-run chinook salmon smolts captured in
1993 and 1994 from the Russian River did not match haplotypes from the Russian River
hatchery (Warm Springs Hatchery) popuiation; in fact, there was a rare haplotype that was only
found in chinook salmon from the Russian and Guadalupe (San Francisco Bay) Rivers . In 1999,
several naturally-produced chinook salmon juveniles (~130) were collected in the Russian River
Basin by the Sonoma County Water Agency and a subset of these have been genetically analyzed
by the Bodega Bay Marine Lab.

Within San Francisco Bay there are a number of streams where chinook salmon have been
observed (Jones 1999). Spawning chinook salmon or redds have been observed in the Guadalupe
River, Napa River, Petaluma River, Walnut Creek, and Green Valley Creek (Jones 1999). There
_ is very little information on the origin or sustainability of chinook saimon “populations” in these
systems, except for fish sampled in Guadalupe River, which show genetic affinities to Central
Valley and Russian River fall-run fish (Nielsen 1994).

South of San Francisco Bay, chinook salmon have historically been documented in the San
Lorenzo and Pajaro Rivers (Sayder 1913), and the Ventura River (Jordan and Gilbert 1881).
Recently, adult chinook salmon have also been observed in Scott Creek, but in low numbers and
only on an intermittent basis (D. Streig, Monterey Bay Salmon & Trout Project, pers. comm.).
Currently, there are no known persistent populations of chinook salmon on the coast south of
San Francisco Bay.
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Snake River Fail-Run Chinook Salmon ESU--The similarity in life history traits
berween the Deschutes and Snake River fall-run populations was an important factor in the
proposed ESU designation incorporating these two geographically separated basins into one ESU.
The CTWSRO (1999) has provided both new information on life history traits and a reanalysis
of information previously reviewed by the BRT (Myers et al. 1998). Similarities in ocean
distribution, as reflected by CWT recoveries, were observed for wild Deschutes River fail-run and
Snake River fall-run chinook salmon. Analysis by CTWSRO (1999) indicates that there was a
strong correlation (0.95) in the ocean distributions of Deschutes River and Snake River fish;
however, there were equally strong similarities between Deschutes River fish and fall-run fish
from a number of Lower Columbia River Basins. The correlation between the distribution of
ocean recoveries for the Deschutes River fall run and upriver “bright” fall-run chinook salmon (i.e.
Hanford Reach, Priest Rapids) was much weaker (0.61). Because only 35,000 Deschutes River
fall-run fish were tagged during each of three broodyears (1977-1979), and of these only 79 tags
were recovered in the ocean fishery, the CTWSRO (Patt 1999) cautioned the use of this
information to establish the ESU configuration.

Age structure information was also used in the initial BRT decision to group fall-run
chinook salmon in the same ESU. In the Coastwide Status Review (Myers et al. 1998),
similarities were observed between the Deschutes River and Snake River fall-run populations,
relative to Hanford Reach and other upper Columbia River fall-run populations. Age structure
for the Deschutes River, Snake River (using Lyons Ferry return data), and Hanford Reach fall run
fish was determined using scale data from several broodyears in the late 1970s and 1980s. The
CTWSRO (Patt 1999) presented run reconstruction data provided by Howard Schuller (ODFW).
" For the Deschutes and Hanford Reach data series this information was based on scales recovered
from returning adults, age-length indices, and CWT recoveries and represents a more complete
description of the populations concerned than was presented in Myers et al. (1998). However,
the Snake River age structure data were not based on the direct measurement of Snake River fish,
but rather used an index of upriver bright stocks. [t was advised that considerable caution be used
in employing the Snake River age structure data in any comparisons (H. Schuller, ODFW, pers.

comm. June 29, 1999).

Spawn timing differences presented by CTWSRO (1999) indicated that Deschutes River
fish spawn primarily in October (in contrast to the November peak spawning cited in Myers et
al. 1998), rather than in early and mid November as for fall-run chinook salmon in the Snake
River and Hanford Reach of the Columbia River (Myers etal. 1998). This earlier timing may be
related to water conditions in the Deschutes River, or may be a indicator of the integration of a
historical summer run into the fall run. Historic information indicated that fall-run chinook in the
Snake River near Salmon Falls (Rkm 922) used to arrive on the spawning grounds in late August
. and September, and ripe fish were caught in the fishery in early October (Evermann 1896).
Spawning was nearly complete by the end of October. At present, Snake River fall-run chinook
salmon spawn in late October and early November (Garcia et al. 1999). Differences in the
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spawning time of present day and historical Snake River fall-run chinook salmon popularions
may be a response to different temperature and flow regimes in the lower river (the current
accessible habitat), or may indicate the extirpation of the earlier, upriver, spawning populations
from the ESU.

Fecundity estimates provided an additional life history trait for comparison. Myers et al.
(1998) cited average fecundity values for Deschutes River fall-run chinook salmon of 4,439, and
for Lyons Ferry Hatchery fish (Snake River) 3,102 eggs/female (adjusted to 4,011 eggs/female @
a standard length of 740 mm POH) . Other fecundity estimates (Howell et al. 1985) for wild
Snake River fall-run chinook salmon (trapped at Oxbow Dam) of 4,276 (1961-1969) and 4,185
eggs/female (1977-1983) do not include spawner sizes and are difficult to compare. Meristic data
was also reviewed to assess the similarities between the fall-run stocks under consideration. Of
the traits analyzed by Schreck et al. (1986), only lateral line scale counts were potentially useful
in discriminating between the Deschutes, Snake, and mainstem Columbia River (Hanford Reach)
populations. Deschutes River fall-run chinook salmon exhibited a lower mean lateral scale count
(136.6) compared to fall-run fish from Hanford Reach (140.6) and the Snake River (Lyons Ferry
Hatchery) (143.3). The Deschutes River lateral line scale counts most closely resembied those
from several fall-run populations in the Lower Columbia River (below the location of Celilo
Falls); however, these differences may not be statistically significant.

Little documentation is available on the existence of a summer run in the Deschutes River
Basin. This issue is relevant to the discussion on ESU configuration due to the ocean-type life
history expressed by summer run fish in the Upper Columbia River and the stream-type life
history expressed by summer run fish in the Snake River Basin. If, as has been asserted by Patt
(1999), a summer run in the Deschutes River Basin exhibited an ocean-type life history then it
would provide an evolutionary link with the upper Columbia River ocean-type stocks.
Information presented by the CTWSRO (1999) suggests that there was a significant temporal
separation in the arrival of spring-run and so-called summer/fail-run aduits at the Peiton Dam

Trap (Rkm 161). Jonasson and Lindsay (1988), Beaty (1996), and Lichatowich (1998) also have
suggested that a summer-run existed in the Deschutes River.

Whether these summer-run fish historicaily spawned above the present site of Peiton
Dam, or above Sherar’s Falls, which reportedly was impassable during low summer flows early in
this century, is not known although both scenarios would have provided for the geographic
separation of summer and fall ryns. In the 1960s, three returning adults that were tagged passing
Bonneville Dam during July were later recovered in the Metolious River, tributary to the
Deschutes River at Rkm 178 (above Pelton Dam) (Galbreath 1966). However, Nehlsen (1995)
cited several personal communications which indicate that fall spawning fish were not observed in
the Basin above the site of Pelton Dam. Analysis of downstream juvenile migrants (1959-1962)
through the Pelton project did not detect any subyearling migrants (which would be consistent
with the presence of ocean-type fish).
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Analysis of mtDNA variability from fish sampled at Sherar’s Falls and the Peiton Dam
Trap suggests that genetic differences exist between aduits collected at the two sampling locations
(CTWSRO, 1999). It has been suggested that the genetic differences are indicative of a vestigial
run of summer-tun fish that have retained the propensity to migrate farther upstream than do fall-
run fish. However, Jonasson and Lindsey (1988) state that there in no correlation between the
date of ascending Sherar’s Falls and the date or location of subsequent spawning. Furthermore,
analysis of scales from adults sampled at Sherar’s Fails in 1978 indicated that stream-type fish
constituted 31.2%, 25%, 4.4%, and 2.2% of run passing the Falls in July, August, September,
and October, respectively (Aho et al. 1979). During 1979, the percentage of stream-type fish
during this same period dropped to 14%, 5.5% for July and August, respectively. The
possibility exists that many of the fish sampled in the mtDNA study (especiaily at the Pelton
Trap) were stream-type fish; further analysis of allozyme variation may resolve this issue.

Ecological differences between the Deschutes River Basin, the upper Columbia River
Basin, and the Snake River Basin (especiaily historical fail-run spawning areas in the upper
mainstem Snake River) were reviewed previously (Waples ef al. 1991; Myers et al. 1998).
Although the mainstem Columbia River and the lower reaches of its tributaries (including the
Snake River) are ail in the Columbia River Basin Ecoregion (Omemick and Gallant 1986), the
upper Snake River (above the Hells Canyon Dam complex) flows through three different
ecoregions. Irving and Bjornn (1981) indicated that prior to 1958 the major spawning area for
Snake River fall-un chinook salmon was in a 30 mile section between Swan Falls Dam and
Marsing, Idaho, and historically, fall-run chinook salmon spawning extended as far upstream as
Shoshone Falls (Howell et al. 1985). Historically, most of the fall-run chinook spawning would
have taken place in the Snake River Basin/High Desert Ecoregion.

Fall-run chinook salmon population(s) in the John Day, Umatilla, and Walla Walla Rivers
were thought to have been extirpated (Kostow 1995). However, there have been recent reports
of chinook salmon spawning in the lower mainstem John Day River, but there is no information
to establish the source of these fish, or whether they were reproductively successful.

Discussions and Conclusions by the BRT on ESU Configurations
Central Valley Spring-Run Chinook Salmon ESU
The BRT reiterated its previous decisions that the spring run populations in the Central
Valley constitute a distinct ESU, and that the extirpated spring-run populations in the southern
portion of this ESU may have constituted their own ESU (based on ecological and
biogeographical data).

The BRT discussed several issues related to the configuration of the Central Valley
Spring-Run Chinook Salmon ESU. It was agreed that the genetic data (allozyme, microsatellite
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and MHC DNA, and mtDNA) indicated that spring-run fish spawning in Butte Creek were not
the progeny of Feather River Hatchery spring-run releases, but represented a naturally spawning
population distinct from both Feather River fish and spring-run chinook salmon in Deer and Mill
Creek. Further sampling and analysis of mainstem Sacramento River spring-run fish (the
population not presently genetically described) was identified by the BRT as potentially
important to further understanding the relationship among Central Vailey spring-run chinook
salmon populations. Furthermore, the BRT generally agreed that hatchery operations at the
Feather River Hatchery had resulted in the hybndization of spring- and fall-run fish. However
the BRT concluded that the Feather River spring run may retain “spring run” life history ,
characteristics and was still part of this ESU.

Central Vailey Fall- and Late-Fail Run Chincok Salmon ESU

The majority of the BRT concurred with proposed configuration of the Central Valley
Fall- and Late-Fall Run Chinook Saimon ESU. It was agreed that the new genetic information on
spring-run and winter-run populations in the Central Valley further reinforced the previous
decision by the BRT to establish ESUs for the winter- and spring-run distinct from the fail and
late-fall run (Myers et al. 1998). The BRT also reaffirmed its previous conclusion that Central
Valley fall- and late-fall runs are in the same ESU.

There was considerable discussion about the possible existence of a distinct fall- and late-
fall run ESU in the southern portion of the exiting ESU. A majority of the BRT members felt it
was likely that, historically, ecological differences in the northern and southern Central Valley
were large enough to have historically supported two ESUs of fall- and late-fall chinook salmon,
with fish from the American, Mokelumne, Stanislaus, Tuolumne, Merced, and San Joaquin River
Basins being in the southern ESU and fish from areas north of the American River being in a
porthern ESU. Allozyme analysis indicated that samples of hatchery and naturaily-spawning
fall-run chinook salmon from the American River and San Joaquin River Basin formed a cluster
within the general grouping of Central Valley chinook salmon populations. Some BRT members
feit that the genetic distinctiveness of some samples of natural spawners in San Joaquin River
Basin was indicative of vestigial native populations. Another view expressed by members of the
BRT was _that the between-population diversity among fall-run populations in the Central Valley
has been artificially constricted due to large scale transfers of hatchery fall-run chinook salmon,
and that the apparent genetic outliers may reflect within-ESU diversity that existed prior to
anthropogenic impacts. Most of the BRT felt that, even if two ESUs of fall- and late-fall chinook
salmon historically occurred in the Central Valley, only a single ESU is identifiable now. A
minority of the BRT felt that life history, ecological, and biogeographic information indicates that
two ESUs still exist.

The status of chinook salmon spawning in tributaries to San Francisco Bay was also
discussed. The presence of chinook salmon aduits (including observed spawning activities) has
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been recorded in a number of rivers and creeks draining into San Francisco Bay; however, the
BRT was unable to establish if any of these populations were seif-sustaining. Although the
historical relationship between chinook salmon spawning in San Francisco Bay wibutaries and the
coastal and Central Valley ESUs is not known, present day adults may have originated from the
numerous off-site releases of Central Valley hatchery fall-run chinook salmon into the delta or
San Francisco Bay. Additional information on genetic and life history traits for San Francisco
Bay chinook salmon and their relationships with Central Valley and coastal chinook salmon
populations are necessary to resoive this issue.

“Proposed” Southern Oregon and California Coastal Chinook Saimon ESU:
Southern Oregon and Northern California Coastal Chinook Saimon ESU
California Coastal Chinook Salmon ESU.

The majority of the BRT concluded that the proposed Southern Oregon and California
Coastal Chinook Salmon ESU be split into two ESUs; Southern Oregon and Northern California
Coastal Chinook Salmon ESU, extending from Euchre Creek through the Lower Klamath River
(inclusive), and California Coastal Chinook Salmon ESU, extending from Redwood Creek south
through the Russian River (inclusive). This new ESU boundary is similar to that designated
between Klamath Mountain Province and Northern California Steelhead ESUs. The BRT
concluded-that the Russian River Basin presently contained the most southern persistent
population of chinook salmon on the California coast. Historically, chinook salmon were
observed as far south as the Ventura River (Myers et al. 1998); however, it is unclear if coastal
populations south of the Russian River were historically persistent or if they were merely
colonized by more northerly populations on an intermittent basis during favorable climatic
periods.

The BRT reconsidered the reconfiguration of this proposed ESU based on a number of
issues. The acquisition of new samples for allozyme analysis from the Central Valley and Upper
‘Klamath and Trinity River made possible a new analysis indicating distinct clusters of coastal
populations north and south of the Klamath River, with genetic distances between these clusters
corresponding roughly to the differences observed between Central Valley Spring and Fall and
Late-Fall Chinook Satmon ESUs, and the Washington and Oregon Coast Chinook Saimon ESUs.

Ecological differences between the northern and southern portions of the Southern Oregon
and California Coastal Chinook Salmon ESUs were also discussed. Rivers to the north
(especially the Rogue River) tended to be somewhat larger than those to the south . River flows
in the northern portion tend to peak in January, while those to the south peak in February
(Myers et al. 1998). Annual precipitation is considerably higher in the northern portion than the
south. These geographic and ecological differences may be responsible for the presence of a
limited proportion of yearling outmigrants (<10%) in the northern portion of the ESU compared
with the apparent absence of yearling outmigrants in the southem portion. Furthermore, soils in
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the southern portion are highly erosive, causing high silt loads that result in berms which close off
the mouths of many of the rivers during summer low flows. River conditions in most of these
coastal basins have very limited temporal windows for adult access and juvenile emigration,
especially in the south. Given these conditions, it is unlikely that substantial differences in the
life history traits normally measured (run timing, spawning timing, juvenile emigration) could
evolve among most rivers in the northern and southern portions of this ESU. However, the BRT
did consider the presence of spring-run chinook salmon in the northern portion of the ESU,
Rogue and Smith Rivers, as a further indicator of geographic and life history differences (although
there may have historically been a spring run in the Eel River). Finally, there was some ocean
harvest information presented that indicated differences in the migration pattern of populations
from the northern (Rogue and Smith Rivers) and southemn (Eel River) portions of the proposed
ESU (Gall et al. 1989).

“Proposed” Snake River Fail-Run Chinook Salmon ESU:
Deschutes River Summer/Fall-Run Chinook Saimon ESU
Snake River Fall-Run Chinoeok Salmon ESU

The majority of the BRT feit that the proposed ESU configuration, combining ocean-type
fish in the Snake and Deschutes River Basins into one ESU, was not supported by the
information available. A slight majority concluded that the Deschutes River summer/fall-run
should be considered its own ESU, rather than be grouped with either the Snake River Fall-Run or
Upper Columbia River Summer- and Fall-Run Chinook Saimon ESUs. There was considerable
uncertainty on the historical configuration of this new ESU--specifically whether it included fall-
run populations in the John Day, Umatilla, and Walla Walla Rivers.

In reaching this conclusion the BRT discussed at length several scenarios for the
configuration of the Snake River Fall-Run Chinook Salmon ESU and the potential reconfiguration
of the Upper Columbia River Summer- and Fall-Run Chinook Salmon ESU. The BRT identified
four configurations for discussion: 1) the grouping of all ocean-type chinook saimon above the
historic site of Celilo Falls into one ESU, 2) the proposed configuration, with Deschutes River
summer/fall-run chinook salmon being grouped with the existing Snake River Fall-Run Chinook
Salmon ESU and a separate Upper Columbia River Summer- and Fall-Run Chinook Salmon ESU,
3) the grouping of Deschutes River summer/fall-nm chinook salmon with other ocean-type
mainstem and tributary spawners in the Upper Columbia River Summer- and Fall-Run Chinook
Salmon ESU and a separate Snake River Fall-Run Chinook Salmon ESU, and 4) the creation of a
new Deschutes River Chinook Salmon ESU, which may or may not have included the extirpated
populations that existed in the John Day, Umatilla, and Waila Walla Rivers, along with the
separate existing Snake River Fail-Run and Upper Columbia River Summer- and Fail-Run
Chinook Salmon ESUs. '
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There was considerable debate on the importance of ecological and geographic factors in
providing the basis for reproductive isolation and local adaptation. Some members of the BRT
argued that because the maimstem Columbia River (above Celilo Falls) and the lower reaches of its
tributaries are all in the Columbia Basin Ecoregion, there was an ecological link for the majority of
the existing spawning populations of ocean-type fish. Historically, mainstem and tributary
spawners may have formed a continuum of populations throughout the upper Columbia River
and, to a lesser extent the Snake River. Furthermore, genetic and life history differences are
modest (or the interpretations of the existing data ambiguous) between ocean-type chinook
salmon populations above Cetilo Falls, suggesting that perhaps all of the populations are part of a
single ESU. - :

Alternatively, some members of BRT argued that the three lines of evidence (genetics,
ecology, life history) used in 1990-91 status review (Waples et al. 1991) to determine that Snake
and Upper Columbia fall chinook are in separate ESUs are still valid. [n addition, the historic
spawning distribution of most of Snake River fall-run populations was well separated from
Columbia River fall-run chinook saimon (Irving and Bjornn 1981). After considering all of these
factors, none of the BRT felt that the new information provided gave sufficient cause to group all
upriver bright fall-run chinook salmon into one ESU.

The BRT reviewed the evidence for including Deschutes River fall-run chinook salmon in
the Snake River Fall-Run Chinook Salmon ESU. There was some discussion related to the
" different interpretations of genetic data and ocean recoveries of CWTs provided by co-managing
agencies. Many BRT members were uncertain of the assertion made by CTWSRO (1999) that
genetic samples from the Grande Ronde and Clearwater Rivers were representative of historical
Snake River populations. Spawning surveys indicated that prior to 1990, redd counts in the
Grande Ronde River were at or near zero, with counts in the Clearwater River numbering in the
low tens of redds (Irving and Bjomn 1981, Howell et al. 1985, and Garcia etal. 1999). Recent
increases in redd counts in the Snake River Basin, above Lower Granite Dam, have coincided with
a large influx of non-Snake River fish (PAC 1998), such that CTWSROs genetic sampling may
not be representative of native Spake River fish. Nevertheless, the BRT concluded that the
weight of genetic evidence, from a number of different sources, indicate a closer reiationship of
Deschutes River fish with Snake River fish, than with Columbia River fish. Data from CWT
studies also show Deschutes River fall-run chinook salmon have an ocean distribution and age at
capture more similar to Snake River (both Lyons Ferry Hatchery fish and wild Snake River fish)
than to Columbia River upriver bright fall-run populations. Additionally, if (as has been
suggested by ODFW 1999c) the Deschutes River fall-run population was part of a larger historic
ESU that included the John Day, Umatilla and Walla Walla River, these intermediate populations
could have provided a link between the Deschutes and Snake River Basins. However, the
ecological distinctiveness of the historical Snake River, Umatilla, and Walla Walla, and Deschutes
River spawning habitats argues against them being included in the same ESU; for example,
Deschutes is a spring-fed stream with relatively stable water temperature, very different from
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mainstem Snake River. The BRT was divided on the conclusiveness of the genetic and of ocean
distwribution data for placing Deschutes River fall-run chinook salmon in the Snake River Fail-Run
Chinook Salmon ESU.

Discussions on the grouping of Deschutes River and Upper Columbia River summer- and
fall-run populations focused on the historic distribution of mainstem spawners in Columbia
River, which extended more or less continuously from Celilo Fails to Kettle Falils, thus providing
a link between different tnbutary populations, including the Deschutes River. In contrast, the
center of fall run spawning activity in the Snake River Basin was far removed from the confluence
of the Snake and Columbia Rivers. Environmental features of the Columbia River are more
similar over this entire area than either is to upper Snake River Basin. Tributary spawners in
Yakima, Wenatchee, Okanogan are already in the Upper Columbia River Summer- and Fall-Run
Chinook Salmon ESU, so some members of the BRT asserted that it was reasonable to include
Deschutes River ocean-type chinook saimon with the other upper river tributaries as well. Tt was
discussed that the Deschutes River summer-run exhibited an ocean-type life history. If that were
the case, then the relationship between summer- and fall runs in the Deschutes River would
resemble the Upper Columbia River summer- and fall-runs, rather than the situation in the Snake
River where the summer and fall-runs are in different evolutionary lineages.

The BRT reaffirmed the conclusion of previous status reviews that had found that Snake
River and Upper Columbia River ocean-type fish are in different ESUs. There was much less
certainty about the ESU affinities of the Deschutes River population. The scenario with the
Deschutes River population in a separate ESU from the Snake River Fall-Run and Upper
Columbia River Summer- and Fall-Run Chinook Saimon ESUs, received a slight majority of the
votes, with the remainder being about equally divided berween options for including the
Deschutes River in the Upper Columbia or Snake River Chinook Salmon ESUs. One of the
factors that influenced some BRT members to vote for three separate ESUs was the lack of
conclusive evidence for including the Deschutes River in either of the existing ESUs.
Furthermore, much of the written information was presented to the BRT by the co-managers
with little time (< 24 hours) to properly evaluate its accuracy and relevance.

Under the assumption that the Deschutes River population is in a separate ESU from
Upper Columbia or Snake River fish, the BRT was not able to resolve the historical extent of that
ESU. The major uncertainty centers on the ESU status of historical populations from the John
Day, Umatilla, and Walla Walla Rivers, which have been extirpated. The lack of biological
information for these historic populations makes a determination of their ESU status difficult.
Some of the BRT members felt that the Deschutes River is distinctive enough ecologically to have
supported its own ESU, while others felt that the historic ESU probably also included ocean-
type populations in tributaries at least as far upstream as the confluence with the Snake River.
The BRT did agree that all mainstem Columbia River spawners above Celilo Falls historically
were probably part of what is now termed the Upper Columbia River Summer- and Fall-Run
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Chinook Salmon ESU. The BRT also agreed that all ocean-type chinook salmon in the Deschutes
River (in particular, any vestigial summer-run fish that may exist) are part of the same ESU as the

Deschutes River fail-run population.
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ESU RISK DETERMINATION
Overall Evaluation of Risk and Uncertainty

To tie the various risk considerations into an overall assessment of extinction risk for each
ESU, the BRT members scored risks in a number of categories using a matrix form, then drew
conclusions regarding overall risk to the ESU after considering the results. The general risk
categories evaluated were: abundance, trends in abundance/productivity/variability,
geneticintegrity, and "other risks". More detailed explanation of these categories and of the
nature and use of this matrix approach is provided in Myers et al. (1998, Appendix E). The
summary of overall risk to an ESU uses categories that correspond to definitions in the
Endangered Species Act: in danger of extinction, likely to become endangered in the foreseeable
future, or neither. (Note, however, that these votes on overall risk do not correspond to
recommendations for a particular listing action. They are based only on past and present
biological condition of the popuiations and do not contain a complete evaluation of conservation
measures as required under the ESA for a listing determination.) The risk summary votes do not
reflect a simple average of the risk factors for individual categories, but rather a judgement of
overall risk based on likely interactions among, and cumulative effects of, the different factors. A
single factor with a "high risk" score may be sufficient for an overall conclusion of "in danger of
extinction," but such an overall determination also could result from a combination of several
factors with low or moderate risk scores.

The BRT used two methods to characterize the uncertainty underlying their risk
evaluations. One way the BRT captured the levels of uncertainty associated with the overall risk
assessments was for each member to attach a certainty score (1=low, 5=high) to their overall risk
evaiuation for each ESU. For example, 2 BRT member who felt strongly that an ESU was likely
to become endangered in the foreseeable future (or not currently at significant risk) would vote for
that category of risk and assign a certainty score of 4 or 5; if that member were less sure about the
level of risk, a lower certainty score would be given to the risk vote.

The second method for characterizing uncertainty was fashioned after an approach used
by the Forest Ecosystem Management Assessment Team (FEMAT 1993). Each BRT member
was given 10 total "likelihood" points to distribute in any way among the three risk categories.
For example, complete confidence that an ESU should be in one risk category would be
represented by most or ail of the 10 points allocated to that category. Alternatively, a BRT
member who was undecided about whether the ESU was endangered but who felt the ESU was at
some risk could allocate the same (or nearly the same) number of points into each of the
"endangered” and "not presently endangered but likely to become so" categories. This
assessment process follows well-documented peer-reviewed methods for making probabilistic
judgements (references in FEMAT 1993, p. IV, 40-45). The BRT interpretation of these scores
was similar to FEMAT's, which said "the likelihoods are not probabilites in the classical notion
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of frequencies. They represented degrees of betief [in risk evaluations], expressed in a
probability-like scale that could be mathematically aggregated and compared across [ESUs]"
(FEMAT 1993 p. IV-44).

General Risk Conclusions

The two methods used by the BRT to characterize uncertainty in risk assessments
generally were consistent their outcomes. In the first method, the certainty scores for most
ESUs were moderate to high (in the range of 3 to 5), reflecting a fair amount of certainty regarding
the conservation status of chinook salmon in the ESUs evaluated. Results from the FEMAT
method were generally concordant with and support information provided by the first method.

That is, when the majority of BRT votes fell in a particular risk category, the majority of
likelihood points also fell in the same category. For some of the ESUs, a small fraction of
likelihood votes occurred in the "in danger of extinction” category. This result reflects the limited
information available for conducting risk evaluations for chinook salmon. Although in many cases
available information did not provide conclusive evidence of high risk, it also did not

clearly demonstrate that the ESUs were not at risk. As a result, at least some BRT
members felt that they could not completely exclude the possibility that a particular ESU is
presently in danger of extinction.

Previous and Updated Risk Information for Chinook Salmon ESUs

The following section first summarizes risk information available to and conclusions of
the BRT at the time of the discussion of these ESUs for the Status Review (Myers et al. 1998).
NMES has received updated and new information pertaining to risk-those data spanning more
than a few years for adult abundance are summarized in Appendix A. The final subsection
within each ESU subheading below briefly discusses new and updated risk information obtained
since the Status Review.

Central Valley Spring-Run Chinook Saimon ESU

Historically, spring-run chinook salmon were abundant in the Sacramento River system
and constituted the dominant run in the San Joaquin River Basin (Reynolds et al. 1993). Clark
(1929) estimated that there were historically 6,000 stream miles of salmonid habitat in the
Sacramento-San Joaquin River Basin, but only 510 miles remained by 1928. Subsequently,
elimination of access to spawning and rearing habitat resulting from construction of impassable
dams has extirpated spring-run chinook salmon from the San Joaquin River Basin and the
American River. Construction of impassible dams has also curtailed access to habitat in the
upper Sacramento and Feather Rivers.
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In 1939, an estimated 5,786 spring-run chinook salmon passed the Anderson-
Cottonwood Irrigation Dam (Redding) on the upper Sacramento River (Hanson et al. {940).
Calkins et al. (1940) estimated a spawning escapement of 38,792 fish for the Sacramento River
based on fishery landings. In the mid-1960s, CDFG (1965) estimated total spawning escapement
of spring-run chinook salmon to be 28,500, with the majority (15,000) spawning in the mainstem
Sacramento River and the remainder scattered among Battle, Cottonwood, Antelope, Mill, Deer,
Big Chico, and Butte Creeks and the Feather River. CDFG (1965) reported spring-run chinook
salmon to be extinct in the Yuba, American, Mokelumne, Stanislaus, Tuohumne, Merced, and San
Joaquin Rivers. Today, spawner survey data are available for the mamstem Sacramento River.
Feather River, Butte Creek, Deer Creek and Mill Creek (Big Eagle & Assoc. and LGL Ltd 1995).
Small populations are also reported in Antelope, Battle, Cottonwood, and Big Chico Creeks
(Campbell and Moyie 1990, Reynolds et al. 1993, Yoshiyama et al. 1996).

Spawning escapement has been estimated by a combination of methods, including snorkel
surveys, aerial surveys, boat surveys, foot surveys, and fishway counts at Red Bluff Diversion
Dam (Reavis 1985). The California Department of Fish and Game has estimated spawning
escapement since the late 1940s or 1950s for the remaining populations except those in the
mainstem Sacramento River, which have been counted at Red Bluff Diversion Dam since 1967.
The sum of the 5-year geometric mean escapements for this ESU at the time of the Status Review
was 6,700 spawners, of which 4,300 (64%) had returned to the Feather River (Myers et al. 1998;
Fig. 29, Appendix E). The Feather River Hatchery releases several million spring-run chinook
salmon annually, with the bulk of their production released off-site into the Sacramento River
Delta. Therefore, the origin of the fish retuming to the Feather River is uncertain, and fish from
these releases may stray to other parts of the valley. Of the remaining 2,400 spawners, 435 were
in the mainstem Sacramento River where their spawning overlaps in both time and space with the
more abundant fall run. Sacramento River mainstem spawners have declined sharply since the
mid-1980s, from 5,000-15,000 to a few hundred fish. The Feather River spring-run population is
believed to be hybridized with the fall run in the Sacramento River (Reynoids et al. 1993), and
probably includes many hatchery strays from the Feather River Hatchery program. The
remaining three natural populations (Butte, Deer, and Mill Creeks) are small and, at the time of
the Status Review, all had long-term declining trends in abundance (Myers et al. 1998; Fig. 30,
Appendix E).

Efforts to enhance runs of Sacramento River spring-run chinook salmon through artificial
propagation date back over a century, although programs were not continuously in operation
during that period. We found no recent records of introduction of spring-run fish from outside
the Sacramento-San Joaquin River Basin. In the 1940s, trapping of adult chinook salmon that
originated from areas above Keswick and Shasta Dams may have resuited in stock mixing, and
further mixing with fall-run fish apparently occurred with fish transferred to Coleman Hatchery.
Deer Creek, one of the locations generally believed most likely to retain essentially native spring-
run fish, was a target of adult outplants from the 1940s trapping operation, but the success of
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those transplants is uncertain. Since 1967, artificial production has focused on the program at the
Feather River Hatchery (discussed above). Cramer (1996) reported that half of the hatchery-
reared spring-run fish returning to the F eather River did not return to the hatchery, but spawned
naturally in the river. Given the large number of juveniles refeased off station, the potential
contribution of straying aduits to rivers throughout the Central Valley is considerable. The
termination of CWT marking programs for hatchery-derived spring-run fish and the absence of
spring-run carcass surveys for most river systems prevented the accurate estimation of the
contribution of naturally spawning hatchery strays. Cramer (1996) reported that up to 20% of
the Feather River spring-run chinook saimon are recovered in the American River sport fishery.
Furthermore, the use of a fixed date to distinguish retumning spring- and fall-run fish at the
Feather River Hatchery may have resulted in considerable hybridization between the two runs
(Campbell and Moyle 1990).

Harvest rates appear to be moderate. Ocean fishery management focuses on the abundant
fall run, and no defined management objectives for spring-run fish were in piace at the time of the
Status Review. In spite of the similarity in ocean distribution with fall-run fish, because of the
smaller average size, spring-run harvest rates are probably lower than those for the fall run.

Reynolds et al. (1993) reported that spring-run fish were likey to have interbred with
fajl-run fish in the mainstem Sacramento and Feather Rivers, but the extent of hybridization was
unknown. They also reported that pure strain spring-run fish may still exist in Deer and Mill
Creeks.

, The only previous assessment of risk to stocks in this ESU is that of Nehisen et al.
(1991), who identified several stocks as being at risk or of special concern (Myers et al. 1998;
Appendix E). Four stocks were identified as extinct (spring/summer-run chinook salmon in the
American, McCloud, Pit, and San Joaquin [including tributaries] Rivers) and two stocks (spring-
run chinook salmon in the Sacramento and Yuba Rivers) were identified as being at a moderate
risk of extinction. Due to lack of information on chinook salmon stocks that are presumed to be
extinct, the relationship of these stocks to existing ESUs is uncertain. They are listed in the
Status Review (Myers et al. 1998) based on geography and to give a complete presentation of the
stocks identified by Nehlsen et al. (1991).

Previous Conclusions of the BRT--The majority of the BRT concluded that chinook
salmon in this ESU were in danger of extinction; a minority feft that this ESU was not presently
in danger of extinction, but was likely to become so in the foreseeable future. The BRT identified
several concerns regarding the status of this ESU. Native spring-run chinook salmon have been
extirpated from all tributaries in the San Joaquin River Basin, which represents a large portion of
the historic range and abundance. The only streams considered to have wild spring-run chincok
salmon were Mill and Deer Creeks, and possibly Butte Creek (tributaries to the Sacramento
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River), and these were relatively smal populations with sharply declining trends. Demographic
and genetic risks due to smail population sizes were thus considered to be high.

Habitat problems were considered by the BRT to be the most important source of
ongoing risk to this ESU. Spring-run fish cannot access most of their historical spawning and
rearing habitat in the Sacramento and San Joaquin River Basins (which is now above impassable
dams), and current spawning is restricted to the mainstem and a few river tributaries in the
Sacramento River. The remaining spawning habitat accessible to fish is severely degraded.
Collectively, these habitat problems greatly reduce the resiliency of this ESU to respond to
additional stresses in the future. The general degradation of conditions in the Sacramento River
Basin (including elevated water temperatures, agricultural and municipal diversions and returns,
restricted and regulated flows, entrainment of migrating fish into unscreened or poorly screened
diversions, and the poor quality and quantity of remaining habitat) has severely impacted
important juvenile rearing habitat and migration corridors.

The BRT also expressed concern for threats to genetic integrity posed by hatchery
programs in the Central Valley. Most of the spring-run chinook salmon production in the
Central Valley is of hatchery origin, and naturally spawning populations may be interbreeding
with both fall- and spring-run hatchery fish. This problem is exacerbated by the increasing
production of spring-run chinook saimon from the Feather River Hatchery, especially in light of
reports suggesting a high degree of mixing between spring- and fail-run broodstock in the
hatcheries. In addition, hatchery strays have been considered to be an increasing problem due to
the management practice of releasing a larger proportion of fish off-station (primarily into the
Sacramento River deita and San Francisco Bay).

Updated risk information—Abundance of spring-run chinook salmon has increased in
several streams since 1996, the most recent year considered in the previous risk evaluation by the
BRT (Appendix A). The Feather River population abundance has been fairly constant at 3,000-
7,000 fish per year spawning naturally. The 5-year geometric mean abundance of spring-run
chinook salmon in the Feather River increased from 4,260 fish through 1996 to 5,013 through
1998. CDFG and other fisheries biologists familiar with Central Valley runs believe that the so-
called spring-run fish in the Feather River are not likely to be representative of historically wild
spring-run fish because of the introgression between wild spring-run populations and hatchery
spring- and fall-run chinook (CDFG 1998a). Nevertheless, two streams that are considered to
contain good “wild” populations of spring-run chinook salmon in this ESU, Deer and Mill
Creeks, also have shown increases in mean abundance. The S-year geometric mean abundance in
Deer Creek increased from 564 through 1997 to 805 through 1998, and in Mill Creek, the mean
abundance increased from 252 through 1996 to 346 through 1998. The short-term trend in
abundance in Mill Creek is still negative: a -7.1 percent decline in abundance per year; but the
same trend is highly positive in Deer Creek: a +19 % increase per year.
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The most impressive change in status since the previous BRT risk evaluation for this
ESU has occurred in Butte Creek—in 1998, 20,259 spring-run chinook saimon retumed to the
creek, resulting in a 5-year geometric mean abundance of 2,302 fish and a 27.8 percent increase in
abundance per year. Escapements in this system fell as low as 14 fish in 1987, and have been
below 100 fish several times over the last 40 years. As stated earlier, the origin of the Butte
Creek fish is not clear. The increased numbers are not easily attributable to hatchery sources
from the Feather River because of the dissimilarity in genetic composition (Kim et al, 1999,
Banks et al. submitted) and lack of concordance of trends in abundance (CDFG 1998b) of Butte
Creek and Feather River fish. The 1998 escapement is impressively large (the largest on record)
and is 2.6 times bigger than the 1995 parental cohort (7500). The recent escapements of the )
other two cohorts; however, were both less than 1,000 fish, and 1999 escapement is expected to
be low due to the extreme 1997 New Years Day flood.

The mainstem spawning population of spring-run chinook salmon above Red Bluff
Diversion Dam has continued to decline in abundance since the previous risk evaluation. The 5-
'year geometric mean abundance through 1998 is estimated to be around 300 fish, down from a
mean of 435 through 1996.

CDFG discussed sporadic reports of spring-run chinook salmon in Antelope,
Cottonwood and Big Chico Creeks, but the infrequent occurrence of these fish indicates that they
may not represent self-sustaining populations (CDFG 1998a).

The primary risk factors for this ESU identified by CDFG include competitidn and
hybridization with fall-run chinook and hatchery spring-run chinook, disease, predation,
interactions with non-indigenous fish species, and harvest (CDFG 1998a).

Central Vailey Fall- and Late-Fall Run Chinook Salmon ESU

The historical abundance of Central Valley fail- and late-fall run chinook satmon is poorly
documented. For the San Joaquin River, Reynolds et al. (1993) reported abundance in the early
1990s to be only a remnant of the historical abundance. They estimated that production (ocean-
run size) of San Joaquin River fall- and late-fall-run chinook salmon historically approached
300,000 adults and probably averaged approximately 150,000 aduits. In the mid-1960s,
escapement to the San Joaquin River Basin totaled only about 2,400 fish, spawning in the
Stanislaus, Tuolumne, and Merced Rivers.

Calkins et al. (1940) estimated abundance at 55,595 fish in the Sacramento River Basin
during the period 1931-39. In the early 1960s, adult escapement was estimated to be 327,000
predominantly in the mainstem Sacramento River (187,000), but with substantial populatiOns’in
the Feather (50,000), American (36,000), and Yuba (22,000) Rivers and in Battle Creek (21,000);
remaining escapement was scattered among numerous tributaries (CDFG 1965). At that time, ,
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total Central Valley fall-run chinook salmon escapement (including the Sacramento, Mokelumne,
and San Joaquin River Basins) was estimated at 331,700 aduits (CDFG 1965).

Much of the historical fall-run spawning area in the Sacramento River was below major
dam sites, and therefore the fall run was not as severely affected by early water projects as were
spring and winter runs (Reynolds et al. 1993). Extreme stream temperatures are a major limiting
factor in juvenile production; gravel depletion, fluctuating flows, flow reversals in the delta, point
and non-point source pollution, rearing habitat limitations, and losses at diversions also limit-
natural production (Dettman et al. 1987, CACSST 1988).

Spawning escapement has been .stimated using a variety of survey methods. The larger
spawning populations are estimated using modified Schaeffer or Jolly-Seber multipie mark-
recapture methods with tagged carcasses (Reavis 1984). The fall and late-fail runs in the
mainstem Sacramento River have been monitored since 1967 by counts in the fishways at Red
Bluff Diversion Dam. Since 1992, the dam reservoir has been increasingly deawn down from
about September to May to allow the winter run to pass unimpeded. This has precluded
counting the late-fail run since 1992 and limited counts of late-fall run fish in the last several
years. '

The bulk of the spawning escapement at the time of the Status Review had been to the
Feather and American Rivers and to Battle Creek (Myers et al. 1998; Fig. 29, Appendix E). The
long-term trends in escapement were relatively stable, while the recent trends were mixed (Myers
et al. 1998; Fig. 30, Appendix E). These are all streams with major salmon hatcheries. State
hatcheries on the American and Feather Rivers transport their smolts to saltwater for release to
avoid mortality in the delta due to flow reversals, unscreened diversion dams, and predators,
Transportation of smolts increases the straying rate of adults when they return and makes it
more difficult to account for hatchery strays in the spawning escapement (Cramer 1989). In the
San Joaquin River Basin, homing fidelity may be more dependent on the presence of sufficient
instream flows (CDFG 1997).

Estimates of the relative contribution of hatchery and natural fish to spawning
escapements are difficult to obtain. According to Dettman et al. (1987), for 1978-84 an average
of 20% of the ocean catch of Central Valley salmon originated at Feather River Hatchery and
24% at Nimbus Hatchery. For the same period, total Sacramento River spawning escapement
was comprised of 22% Feather River Hatchery origin and 26% Nimbus Hatchery origin; 78% of
the total Feather River run and 87% of the American River run were hatchery fish. For this
period, natural production averaged only 12,000 fish in the Feather River and 8,000 fish in the
American River. An altemative analysis (Cramer 1989) concluded that total hatchery
contribution to the Sacramento River run for 1978-87 was only about one-third, and hatchery
proportions in escapement were only 26% in the Feather River and 29% in the American River.
Methods used in both studies have biases; Dettman and Kelley's estimates were biased toward
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hatchery fish and Cramer’s estimates toward natural fish. Cramer suggested that the true
proportions are probably somewhere between the two groups of estimates.

Fall- and late-fail-run chinook salmon in the Central Valley have been propagated for more
than a century. In general, a relatively smail number of hatcheries have accounted for the tens of
millions of fall-run fish planted annually. The overwhelming majority of fish used have come
from stocks within this ESU (Myers-et al. 1998; Table 6, Appendix D). However, the practice
of releasing fish off-station, especially into the Sacramento River Delta region, has resulted in
widespread straying by hatchery-reared fish (Bartley and Gall 1990, Fisher 1995). Hatchery
strays represent a considerable proportion of fish spawning naturally in many rivers, even those
rivers without hatcheries. Straying, in conjunction with frequent exchanges of surplus eggs
between hatcheries, may be responsible for the low levels of genetic differentiation among fall-run
chinook salmon stocks in the Central Valley (Bartley and Gall 1990). The high contribution of
hatchery fish to naturally spawning escapement may be due in part to the high survival of
hatchery fish that are transported to the Sacramento River Delta (Dettman et al. 1987).

In contrast to the situation with the fall run, the cuiture of late-fall-run fish has been
relatively limited. The majority of production has come from one hatchery (Coleman NFH) and
such production has occurred only within the last 20 years. Late-fall-run fish releases
constituted less than 2% of the combined fall- and late-fall-run releases for this ESU at the time
of the Status Review (Myers et al. 1998).

Ocean harvest rate indices from 1990-94 (Central Valley Index=catch / [catch +
escapement]) were in the range of 71-79% (PFMC 1996b). Freshwater recreational harvest at
the time of the Status Review was believed to be increasing and approaching 25% (PFMC 1997).
Late fall fish are larger in size and experience higher harvest rates. The Central Valley Index is not
a true harvest rate because: 1) it does not distinguish berween races or cohorts, 2) it does not
include freshwater catch or ocean catch landed north of Point Arena, California, and 3) does not
include shaker mortality (hook and reiease mortality of undersized fish).

Angler harvest in the Sacramento River Basin was estimated by creel census in 1991,
1992, and 1993 (Wixom see footnote 10, Wixom et ai. 1995). The creel census data provided a
harvest estimate of approximately 20% in freshwater for those years.

The only previous assessment of risk to stocks in this ESU is that of Nehisen et al.
(1991), who identified two stocks (San Joaquin and Cosumnes Rivers) as of special concern
(Myers et al. 1998, Appendix E). The Cosumnes River bas had no documented spawning
escapement of fall-run chinook salmon since 1989, and surveys in 1991 through 1994 have failed
to find spawning salmon (Big Eagle & Assoc. and LGL Ltd. 1995).
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Previous Conclusions of the BRT—A majority of the BRT conciuded that chinook
salmon in this ESU were not in danger of extinction but were likely to become so in the
foreseeable future. A minority of the BRT felt that chinook salmon in this ESU were not
presently at significant risk or were undecided on its status. Although total population
abundance in this ESU was relatively high, perhaps near historical levels, the BRT previously
identified several concerns regarding its status. The abundance of natural fall-run chinook salmon
in the San Joaquin River Basin was low, leading a number of BRT members to conclude that a
large proportion of the historic range of this ESU has been lost or is in danger of extinction.

Most of the historical spawning habitat for this ESU is downstream from impassable dams, so
habitat blockage is not as severe as for winter- and spring-run chinook salmon in this region.
However, there has been a severe degradation of the remaining habitat. especially due to
agricultural and municipal water use activities in the Central Valley (which resuit in point and
non-point pollution, elevated water temperatures, diminished flows, and smolt and aduit
entrainment into poorty screened or unscreened diversions).

Natural runs throughout the ESU were very depressed at the time of the Status Review.
Retumns to hatcheries accounted for only about 20% of fall-run chinook salmon spawners in the
Central Valley; however, due to high rates of straying by hatchery fish released off-station,
production from hatcheries may have been responsible for a much larger proportion of natural
spawning escapement. A mitigating factor for the overall risk to the ESU was that a few of the
Sacramento and San Joaquin River Basin tributaries were showing recent, short-term increases in
abundance. However, those streams supporting natural runs considered to be the least influenced
by hatchery fish had the lowest abundance and the most consistently negative trends of all
populations in the ESU. In general, high hatchery production combined with infrequent
monitoring of natural production made assessing the sustainability of natural production
problematic, resulting in substantial uncertainty in assessing the status of this ESU.

Other concerns identified by the BRT previousiy were the high ocean and freshwater
harvest rates in the 1990s, which may have been higher than was sustainable by natural
populations, given the productivity of the ESU under habitat conditions during that time.

Updated risk information-The trends in abundance of fail and late-fall run chinook
salmon in this ESU continue to be mixed (Appendix A). Natural spawning abundance is quite
high (5-year geometric mean = 190,000 natural spawners for the Sacramento River Basin). The
number of mainstem fall-run spawners continues to decline in the upper Sacramento River, as
indicated by estimates for spawners above Red Bluff Diversion Dam (5-year geometric mean
abundance through 1996 = 78,996 fall run, and mean abundance through 1998 = 24,515 fall-run
fish). These estimates represent the total number of fall-run chinook salmon returning to that
portion of the river, including hatchery fish. Available evidence suggests that at least 20-40% of
these natural spawners are of hatchery origin (Heberer 1999). The other Sacramento River Basin
streams showing continued declines in abundance of fall-run chinook salmon are Deer and Mill
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Creeks (short-term trend in abundance through 1998 = -10 %/year for Mill Creek, long-term '
trend in abundance through 1998 =-2.8 for Deer Creek). All other streams for which there are

' abundance data show increases in abundance over the past 10 years. As discussed in the BRT
report (Myers et al. 1998), many of the streams with high abundance of fall-run chinook salmon
in this ESU are influenced by hatchery programs (especially the Feather and American Rivers and
Battle Creek), so the contribution of those populations to overall persistence of the wild
component of the ESU is not clear.

The late-fall component of the Sacramento River run continues to have low, but perhaps
stable abundances. Recent estimates up to 1992, when Red Bluff Diversion Dam counts were
still accurate, ranged from 6,700-9700. Estimates from 1993-1997, were essentially incomplete
due to the inability to monitor fish at the Red Bluff Diversion Dam. Beginning in 1998, carcass
surveys again allowed a reasonable estimate to be made, and the 1998 abundance estimate (9,717)
seems comparable to the early 1990s. Nevertheless, there is considerable uncertainty in
estimating the recent trend in abundance due to changes in estimation methods.

Populations of fall-run chinook salmon in the San Joaquin River Basin have exhibited
synchronous population booms and busts, and currently they appear to be on an upward trend
in abundance. Aside from a negative short-term trend in abundance in the Stanistaus River (short-
term trend in abundance through 1998 = -6.2 %/year), the other tributaries to the San Joaquin
River are exhibiting increases in abundance over the most recent 10 years (Appendix A). Lindley
(unpubl. data) developed a series of models relating recruitment of fall chinook in the Tuolomne
and Stanislaus rivers to various factors to see if there was a simple explanation for the high
variability in recruitment. Explanatory variables examined included spring river flow, ocean
harvest, hatchery releases, sea surface temperature, and spawning stock. The model providing
the best fit to empirical data was a logistic growth (stock-recruit) model with the carrying
capacity parameter, a linear function of river flow during the downstream juvenile migration
period (S. Lindley, unpubl. ms.). The apparent dependency of stock-recruitment relationships
on flow does not rule out the potential influences of other factors (e.g., hatchery production) on
variability in recruitment (S. Lindley, unpubl. ms.). '

The influence of hatchery fish on natural production in the San Joaquin River Basin is not
clear. As in the rest of the Central Valley, the nature of coded wire tag applications and
insufficient sampling of natural spawners makes quantitative estimation of hatchery influence
difficult.

Southern Oregon and California Coastal Chinook Salmon ESU

The peak historic cannery pack of chinook salmon in the range of this ESU was 31,000
cases in 1917, indicating a run-size of about 225,000 at that time. CDFG (1963) estimated
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escapement for the California portion of the ESU at about 88,000 fish, predominantly in the Eél
River (55,500) with smaller populations in the Smith River (15,000), Redwood Creek, Mad
River, Mattole River (5,000 each), Russian River (500), and several smaller streams in Del Norte
and Humboidt counties. Based on the 1968 angler catch records for the Oregon portion of the
ESU (which estimated escapements of about 90,000 fish), the average escapement for the entire
ESU in the 1960s was estimated to be 178,000 fish.

Within this ESU, more recent abundance data vary regionaily. Dam counts of upstream
migrants are available on the South Fork Eel River at Benbow Dam from 1938 to 1975, and at
Gold Ray Dam on the Rogue River from 1944 to the present. Counts at Cape Horn Dam on the
upper Eel River are available from the 1940s to the present. but they represent a small, highly -
variable portion of the run.

In the Oregon portion of this ESU, coastal rivers are monitored by surveys of index
reaches. Surveys were begun in 1948 with the intent of monitoring trends in escapement rather
than estimating total escapement (Cooney and Jacobs 1994). Because the original selection
criteria for index reaches included ease of access and availability of spawners, spawner densities
in these index reaches are not representative of spawner densities in other areas. Consequently,
though the spawner counts in index reaches may be relatively precise, they are not accurate for
assessing abundance.

In 1953 Oregon began using catch report cards, called "punch cards,” to report angler
catch in rivers and estuaries (Nicholas and Hankin 1988). This reporting system provides precise
estimates of catch on a river-by-river basis, which can be expanded by the harvest rate for each
river to provide estimates of terminal run-size. Unfortunately, freshwater and estuarine harvest
rates are poorly known for most rivers, and vary considerably. Harvest rates depend on fishing
effort and angier success rates. Fishing effort varies with run-size, weather, river conditions, and
angler success rate. Angler success rates, in turn, depend on weather and river conditions, as well
as run-size. Nicholas and Hankin (1988) used estimates of average angler harvest rates to convert
angler catch to run-size. These estimates, although imprecise, are probably more accurate for
estimating average run-size than expansions based on peak index counts.

In assessing abundance and trends in the Status Review (Myers et al. 1998), we used
expansions of angler catch from ODFW's punch card database (ODFW 1993) and Nicholas and
Hankin's (1988) average harvest rates to calculate geometric means of terminal run-size and
spawning escapement for the 5-year period 1990-94. Trends were calculated from either the
peak index counts or from dam counts where they were available.

, Expanded angler catch data produced a 5-year geometric mean spawning escapement of
132,000 (run-size of 148,000} for the Oregon portion of this ESU at the time of the Status
Review (Myers et al. 1998). The majority of this escapement (126,000) was the spring and fall
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runs in the Rogue River (Myers et al. 1998; Fig. 31, Appendix E). No total escapement
estimates were available for the California portion of this ESU, aithough partial counts indicated
that escapement in the Eel River exceeded 4,000. Data available to assess trends in abundance
were limited. Trends at the time of the Status Review were mixed, with predominantly strong
negative trends in the Rogue and Eel River basins, and mostly upward trends eisewhere. Longer
term trends, where data were available, were flatter {e.g. Rogue River) (Myers et al. 1998; Fig.
32, Appendix E).

Habitat loss and/or degradation is widespread throughout the range of the ESU. The
California Advisory Committee on Salmon and Steelhead Trout (CACSST 1988) reported habitat
blockages and fragmentation, logging and agricultural activities, urbanization. and water
withdrawals as the most predominant probiems for anadromous saimonids in California's coastal
basins. They identified associated habitat problems for each major river system in California.
CDFG (1965, Vol. III, Part B) reported that the most critical habitat factor for coastal California
streams was "degradation due to improper logging followed by massive siltation, log jams, etc.”
They cited road building as another cause of siltation in some areas. They identified a variety of
specific critical habitat problems in individual basins, including extremes of natural flows
(Redwood Creek and Eel River), logging practices (Mad, Eel, Mattole, Ten Mile, Noyo, Big,
Navarro, Garcia, and Gualala Rivers), and dams with no passage facilities (Mad, Eel, and Russian
Rivers), and water diversions (Eel and Russian Rivers). The BRT expected that such problems
also occur in Oregon streams within the ESU. The Rogue River Basin in particular has been
affected by mining activities and unscreened irrigation diversions (Rivers 1963) in addition to
problems resulting from logging and dam construction. Kostow (1995) estimated that one-third
of spring-run chinook salmon spawning habitat in the Rogue River was inaccessible following the
construction of Lost Creek Dam (RKm 253) in 1977. Major flood events in February 1996 and
January 1997 probably affected habitat quality and survival of juveniles within this ESU,
although the some members of the BRT believe that the long-term effects of these floods may be
beneficial to chinook salmon.

Artificial propagation programs have been less extensive in the Southern Oregon and
Coastal California Chinook Salmon ESU than in neighboring regions. The Rogue, Chetco and Eel
River Basins and Redwood Creek have received numerous releases, derived primarily from local
sources. In contrast, releases into the Russian River have been predominately from a variety of
sources from outside the ESU (Myers et al. 1998; Table 6, Appendix D). In the absence of
genetic information, it is not possible to evaluate the long-term impact of these transfers into the
Russian River. San Francisco Bay has also received considerabie numbers of introduced fish, the
majority of which are off-station releases of Central Valley fall-run chinook saimon. Information
on the impact of hatchery-derived fish on naturally spawning populations is limited. For the
entire ESU, the hatchery contribution to total spawning escapement is probably low. However,
the hatchery-to-wild ratio of Rogue River spring-run chinook salmon, as measured at Gold Ray
Dam (RKm 201), has exceeded 60% in some years (Kostow 1995). The majority of the hatchery
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fish coﬁnted at Gold Ray Dam probably return to Cole Rivers Hatchery (located above the dam),
but rates of straying into natural spawning habitat are unknown.

Ocean harvest rates for this ESU have not been estimated, but should be comparable to
ocean harvest rates on Klamath fall-run chinook salmon (21% in 1991 [PFMC 1996a]).
Freshwater and estuarine harvest rates at the time of the Stats Review are on the order of 25-
30% (calculated from data in PFMC 1996b - Table B4).

Previous assessments of stocks within this ESU have identified several stocks as being at
risk or of concern (Myers et al. 1998, Appendix E). Nehlsen et al. (1991) identified seven stocks
as at high extinction risk and seven stocks as at moderate extinction nisk. Higgins et al. (1992)
provided a more detailed analysis of some of these stocks, and identified nine chinook saimon
stocks as at risk or of concern. Four of these stocks agreed with the Nehlsen et al (1991)
designations, while five fall-run chinook salmon stocks were either reassessed from a moderate
risk of extinction to stocks of concern (Redwood Creek, Mad River, and Eel River) or were
additions to the Nehlsen et al. (1991) list as stocks of special concem (Little and Bear Rivers). In
addition, two fall-run stocks (Smith and Russian Rivers) that Nehlsen et al. (1991) listed as at
moderate extinction risk were deleted from the list of stocks at risk by Higgins et al. (1992),
although the USFWS (1997a) reported that the deletion for the Russian River was due to a
finding that the stock was extinct. Nickelson et al. (1992) considered 11 chinook salmon stocks
within the ESU, of which 4 (Applegate River fall run, Middle and Upper Rogue River fall runs,
and Upper Rogue River spring run) were identified as healthy, 6 as depressed, and 1 (Chetco
River fall run) as of special concern due to hatchery strays. Huntington et al. (1996) identified
three healthy Level I fall-run stocks in their survey (Applegate and Middle and Upper Rogue
Rivers).

Previous Conclusions of the BRT—-The BRT was unanimous in its conclusion that
chinook salmon in this ESU were likely to become at risk of extinction in the foreseeable future.
Overall abundance of spawners was highly variable among populations, with populations in
California and spring-run chinook salmon throughout the ESU being of particular concern. There
was a general pattern of downward trends in abundance in most populations for which data were
available, with declines being especially pronounced in spring-run populations. The BRT felt that
the extremely depressed status of almost all coastal populations south of the Klamath River was
an important source of risk to the ESU. There was a general concern expressed by the BRT that
no current information was available for many river systems in the southern portion of this ESU,
which historically maintained numerous large populations. These populations form a genetically
distinct subgroup within the ESU. Although (as discussed above) at the time of the Status
Review, the majority of the BRT concluded that these Califomia coastal populations did not
form a separate ESU, the BRT acknowledged that they represent a considerable portion of
genetic and ecological diversity within this ESU.
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Current hatchery contribution to overall abundance was considered relatively low except
for the Rogue River spring run, which also contains almost all of the documented spring-run
abundance in this ESU. Fall-run chinook salmon in the Rogue River represented the only
relatively healthy population the BRT could identify in this ESU. The BRT questioned whether
there were sustainable populations outside the Rogue River Basin. All river basins have degraded
habitats resulting from agricultural and forestry practices, water diversions, urbanization, mining,
and severe recent flooding. The BRT was very concerned about the risks to spring-run chinook
in this ESU; their stocks were in low abundance and they had continued to dectine dramatically in
the years preceding the Status Review. [n addition, the lack of population monitoring,
particularly in the California portion of the range, led to a high degree of uncertainty regarding the
status of these populations.

Southern Oregon-Northern California Coastal Chinook Salmon ESU

As stated in the ESU Determinations section, the BRT concluded that the previously
proposed Southern Oregon and California Coastal Chinook Salmon ESU be split into two ESUs
at the Klamath River. The southemn boundary of the newly defined Southemn Oregon and
Northern California Chinook Salmon ESU goes up to and inctudes the Klamath River mouth and
lower tributaries. The following section briefly discusses updated risk information considered
by the BRT for the redefined Southern Oregon and Northern California Coastal Chinook Salmon
ESU.

Updated risk information-New abundance information was provided by the ODFW for
a number of smaller Oregon streams in this ESU (Appendix A; ODFW 1999b). Recent total
estimated escapement of fail- and spring-run chinook salmon in Oregon streams is close to
100,000 fish (ODFW 1999b). The largest run of fail chinook salmon in the ESU occurs in the
Rogue River, and ODFW recently has revised its estimates of abundance to average over 51,000
fish in the run during the most recent 5 years (ODFW 1999b). In addition, ODFW estimated
that the escapement of fall chinook to the Chetco River in 1995 and 1996 was. 8,500 and 3,500.
fish, respectively. In spite of the high estimated abundances in the Chetco River, between 31-
58% of those naturally spawning fish were estimated to be of hatchery origin (ODFW 1999b).

Although trends in abundance are mixed over the long term, most short-term trends in
abundance of fall chinook salmon are positive in the smaller coastal streams in the ESU.
Spawning ground surveys from a number of smaller coastal and tributary streams from Euchre
Creek to the Smith River show declines in abundance from the late 1970s through the early
1990s, but recently, the peak counts are predominantly showing increases. In addition to adult
counts, downstream migrant trapping generally shows increases in production in fall chinook
juveniles over the last four years in the Pistol and Winchuck Rivers and in Lobster Creek, a
tributary to the lower Rogue River. Short- and long-term trends in abundance for the Rogue
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River fail chinook are declining, but as mentioned above, the overall run size is still large.

Coastal California streams support small, sporadically monitored populations of fall- run
chinook salmon {Appendix A). Trends in fall chinook salmon abundance in those California
streams that are monitored are mixed; in general, the trends tend to be more negative in streams
that are farther south along the coast (i.e., populations in the Eel, Mattole and Russian rivers).
Estimates of absolute population abundance are not available for most populations in the
California portion of the region encompassing this ESU.

The numbers of hatchery fall chinook salmon released into some southern Oregon coastal
streams recently have been reduced or discontinued. Releases of fall chinook salmon into the
lower Rogue River were reduced to 75,000 smoits and 75,000 unfed fry, and the Chetco River
program recently was reduced to 150, 000 smolts (ODFW 1999b). ODFW also has provided the
BRT with new estimates of the percentage of hatchery fall chinook salmon spawning naturally in
the Chetco River (ODFW 1999b). In 1995 and 1996, the percentage of naturally spawning
hatchery fish was 31 % and 58 %, respectively. During those same years, the estimated
numbers of naturally spawning adults returning to the Chetco River were 8,530 and 3 361 fall
chinook salmon, respectively (ODFW 1999).

Most spring-run chinook salmon in this ESU continue to be distributed in a few, small
populations that are declining in abundance (Appendix A). The run size of spring-run chinook
salmon in the Rogue River above Gold Ray Dam has averaged 7,709 over the last 5 years, and the
estimated percentage of hatchery fish in the run has ranged from 25-30 % over that time period
(ODFW 1999b). The Smith River contains the only known populations of spring-run chinook
salmon on the California coast, and those runs continue to decline in the Middle Fork, and are
increasing in the South Fork. ODFW believes that spring-run chinook populations in the Smith
River probably have always been small, based on in-river fishery landings, historical cannery
records and the judgement of local biologists (ODFW 1999b).

California Coastal Chinook Saimon ESU

Historical abundance information and conclusions of the previous BRT report (Myers et
al. 1998) relating to the California Coastal ESU are discussed above under the Southern Oregon
and California Coastal Chinook Salmon ESU, since at the time of the Status Review, this ESU
was proposed to be part of that larger ESU (Myers et al. 1998).

Updated risk information—Fall chinook salmon in the California Coastal Chinook
Salmon ESU occur in relatively low numbers in northern streams, and their abundance is sporadic
in streams in the southern portion of the geographic region encompassing this ESU. Estimates of
absolute population abundance are not available for most populations in this ESU. The 5-year
geometric mean abundance of fall chinook passing Cape Hom Dam on the upper Eel River is 36
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fish. but those counts are considered to be a small and variable fraction of the run in the Eel River.

Trends in fall chinook saimon abundance in those California streams that are monitored
are mixed; in general, the trends tend to be more negative in streams that are farther south along
the coast (i.e., populations in the Eel, Mattole and Russian rivers). Trends in abundance in
several tributaries in the Redwood Creek drainage have been monitored since 1995; these numbers
will be useful in assessing the status of chinook salmon in those streams in the future. Trends in
abundance in the Mad River Basin have been declining over the long-term, but they are showing
signs of increase in recent years (Appendix A.) Peak index counts and carcass surveys have been
conducted since the mid-1960s in Sprowi and Tomki Creeks, both tributaries to the Eel River.
The long-term trend in abundance in Sprow] Creek is -4.4%/year, but recent years are showing
increases. In contrast, both the long- and short-term trends in abundance in Tomki Creek are
severely declining (Appendix A). Shorter-term monitoring has been occurring in other Eel River
tributaries since the late 1980s; abundance in Hollow Tree and Redwood creeks has been
declining precipitously. Recent monitoring of index areas in the Mattole and Russian River
Basins indicates declining trends in abundance, with the exception of increasing abundance at the
Coyote Valley Fish Facility on the Russian River from 1992-98.

Hatchery chinook salmon occur in the Russian and North Fork Mad rivers, but the
contribution of hatchery fish to natural spawning escapements is not known.

Snake River Fall-Run Chinook Salmon ESU

The Snake River portion of this ESU has been extensively reviewed by NMFS (Waples et
al. 1991b, NMFS 1995b), and that information is not repeated here. In the first part of this
section, we discuss populations not included in the earlier status review, and provide abundance
information for the Snake River population available to the BRT at the time of the Status
Review. In later subsections, we discuss updated risk information considered by the BRT for -
this risk evaiuation.

Snake River fall-run chinook salmon adult abundance is monitored at Lower Granite Dam
and by redd counts in the mainstem Snake River between Lower Granite and Hells Canyon
Dams. Because redd counts are incomplete, the BRT has relied primarily on the dam count data,
Deschutes River summer- and fall-run adults are also monitored by dam counts (at Pelton Ladder,
RKm 160) and by redd counts in the lower river (Kostow 1995). The introduced Umatilla River
stock is also monitored, but we did not include this information in our assessments. In the years
1992-96, returns of naturally spawning fish to the Deschutes River (about 6,000 adults per year)
were higher than in the Snake River (5-year mean about 1,000 total and 500 natural aduits per
year) (Myers et al. 1998, Fig. 43, Appendix E). However, historically the Snake River
populations dominated production in this ESU, with total abundance estimated to be about
72,000 in the 1930s and 1940s and probably substantially higher before that. Trends in
escapement were mapped in Figure 44 (Myers et al. 1998) and listed in Appendix E (Myers et
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al. 1998), and they indicated recent increases in both populations.

Almost ail historical spawning habitat in the Snake River was blocked by the Hells
Canyon Dam complex. Remaining habitat has been reduced by inundation from lower Snake
River reservoirs. Spawning and rearing habitats in the mid-Columbia River region are affected
largely by agriculture including water withdrawals, grazing, and riparian vegetation management.
Mainstem Columbia and Snake River hydroelectric development has resuited in a major
disruption of migration corridors and affected flow regimes and estuarine habitat.

The two components of the original Snake River Chinook Salmon ESU, the Snake and
Deschutes Rivers, have very different histories of artificial propagation effort. The hatchery
contribution to Snake River escapement was estimated at greater than 47% at the time of the
Status Review, although nearly all of the releases into the Snake River have been derived stocks
within the ESU. The Lyons Ferry Hatchery has been the primary artificial propagation facility
for fall-run fish in the Snake River since 1984. Considerable numbers of hatchery strays from
outside of the ESU—upriver bright fall-run chinook salmon from the Umatilla River restoration
program and mainstem Columbia River releases—have been observed returning to the Snake
River (Lyons Ferry Hatchery and Lower Granite Dam) (Waples et al. 1991b, LaVoy and Mendel
1996). The proportionally high level of hatchery input, small population size, and introgression
from non-native hatchery strays pose a significant risk to the genetic integrity and diversity of
the Snake River population. '

In contrast, there is no hatchery on the Deschutes River and the historical number of
releases into the river relative to the naturally spawning component is minimal (Myers et al.
1998; Appendix D). A small number of stray hatchery fish are recovered annually in the
Deschutes River (Olsen et al. 1992), but the impact of these is probably small based on the
number of strays relative to naturally spawning native fish.

Harvest rates on these populations were high in 1982-89, with Snake River (Lyons Ferry
Hatchery) fall-run chinook salmon averaging 34.9% ocean exploitation, 26% inriver exploitation,
and 53% total exploitation (PSC 1994). As a result of the ESA listing, ocean harvest rates for the
Snake River fall-run chinook salmon decreased to 11.5% in 1995 and 23.0% in 1996 (PFMC
1997). Harvest rates for Hanford Reach fall-run chinook salmon have averaged 39% ocean
exploitation and 64% total exploitation (PSC 1994).

Previous assessments of stocks within this ESU have identified several as being at risk or
of concern (Appendix E). Nehisen et al. (1991) identified three stocks as extinct (Umatilla River,
Walla Walla River, and Snake River above Hells Canyon Dam) and one as a high risk of extinction
(Snake River). Due to lack of information on chinook salmon stocks that are presumed to be
extinct, the relationship of these stocks to existing ESUs is uncertain. They are listed here based

on geography and to give a complete presentation of the stocks identified by Nehlsen et al.
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(1991). WDF etal. (1993) considered one stock within the Snake River Chinook Salmon ESU,.

which was considered to be of native origin and predominantly natural production. The status of
this stock was considered to be depressed.

Previous Conclusions of the BRT—Snake River fall-run chinook salmon currently are
listed as a threatened species under the ESA. As discussed above, the BRT previously did not
reach a majority decision about the ESU status of Deschutes River fall-run chinook salmon, but a
plurality concluded that the Snake River Fall-Run Chinook Salmon ESU also included fall-run
chinook salmon in the Deschutes River and, historically, populations from the John Day,
Umatilla, and Walla Walla Rivers that had been extirpated in the 20th century.

Assessing extinction risk to the newly configured ESU was difficult because of the
geographic discontinuity and the disparity in the status of the two remaining populations.
Historically, the Snake River populations dominated production in this ESU; total abundance is
estimated to have been about 72,000 in the 1930s and 1940s, and it was probably substantially
higher before that. Production from the Deschutes River was presumably only a small fraction of
historic production in the ESU. In contrast, 1990-96 returns of naturally spawning fish to the
Deschutes River (about 6,000 adults per year) were much higher than in the Snake River (5-year
mean at the time of the Status Review was about 500 adults per year; Myers ct al. 1998). Long
term trends in abundance at the time of the Status Review were mixed—slightly upward in the
Deschutes River and downward in the Snake River. On a more positive note, short-term trends
in both remaining populations were upward.

In spite of the relative health of the Deschutes River population, a majority of the BRT
concluded that the ESU was likely to be in danger of extinction in the foreseeable future ina
significant portion of its range, with the remainder being undecided on its status. The BRT was
concerned that almost all historical spawning habitat in the Snake River Basin was blocked by the
Hells Canyon Dam complex, and other habitat blockages have occurred in Columbia River
tributaries. Hydroelectric development on the mamstem Columbia and Snake Rivers continued to
affect juvenile and adult migration. Remaining habitat was reduced by inundation in the mainstem
Spake and Columbia Rivers, and the ESU's range also was affected by agricultural water
withdrawals, grazing, and vegetation management.

An additional source of risk to the Snake River chinook salmon was the continued
straying by non-pative hatchery fish into natural production areas. The BRT also noted that
considerable uncertainty existed regarding the origins of fail-run chinook salmon in the lower
Deschutes River and their relationship to fish in the upper Deschutes River.

Updated risk information As discussed above in the ESU Determinations secticn, the
BRT concluded that the Snake River Fall-Run Chinook Salmon ESU shouid remain its own ESU.
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The BRT was not able to conclude with certainty what is the ESU affinity of the Deschutes
River population. The fotlowing sections review brietly new risk information received by the
BRT for chinook saimon in the Deschutes and Snake River Chinook Salmon ESUs. Since the
Snake River Chinook Salmon ESU is already listed and the ESU status of the Deschutes River is
uncertain, the BRT did not conduct a formal risk analysis for either of the followmg river basins.
We report new and updated risk information here for complcteness

Deschutes River Summer/Fall Run Chinook Saimon ESU.--Updated information on
the abundance of fall-run chinook salmon in the Deschutes River indicates that the run continues
to increase in number—the most recent estimated 5-year geomewric mean abundance is over 16,000
fish, and the short-term trend in abundance has been increasing by 18 %/year (Appendix A,
PSFMC 1999). However, there is considerable uncertainty associated with the run size
estimates of chinook salmon in the Deschutes River (Beaty 1996). The population estimate is
based on aerial redd surveys above and below Sherars Falls and a mark-recapture survey for fish
passing above Sherars Falls. The expansion estimate is based on an estimate of the number of
adults per redd for the whole river, calculated using the mark-recapture data for fish above the
Falls. Since the late 1970s, the distribution of spawners has shifted from the bulk of the
spawning occurring above Sherars Falls to a greater proportion of all spawners occurring below
the falls. The total number of redds below the falls has not significantly declined since 1972, but
the redd counts above the falls have declined dramatically over that time period (Beaty 1996).
The shift in relative abundance of spawning adults above and below Sherars Falls has resulted in
an expansion estimate based on mark-recapture studies on an increasingly small proportion of
the total population in the river. The errors in run size estimation for the Deschutes River have
become so high that the overall estimate of run size is not reliable. Because of the problems
associated with the run size estimates, the BRT considered the trends in redd counts to be a
relatively more reliabie indicator of the status of the Deschutes River chinook salmon.
Nevertheless, there is reportedly high inter-annual variation in the quality of redd counts due to
visibility problems during aerial surveys (Beaty 1996), so even the redd count data are not
completely reliable.

Counts of chinook saimon at Pelton trap on the Deschutes River have declined since the
late 1950s. The 5-year geometric mean abundance of fish at the trap is 81, and the short term
trend in abundance is declining by over 6 %/yr (Appendix A). These fish may be representative
of a remnant summer run of chinook salmon ({CTWSRO 1999).

The percentage of hatchery chinook salmon in the Deschutes River continues to be very
low, as reported in more detail in the historical information obtained at the time of the Status
Review (see above).

Snake River Summer/Fall-Run Chinook Salmon ESU.--The estimated abundance of
fall-run chinook salmon in the Snake River (above Lower Granite Dam) has been in ing over
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the most recent 10 years (5-vear geometric mean abundance = 565 naturaily produced fish,
increasing by 13.7 %/year.) Redd counts from streams in the Snake River Basin starting in the
mid 1980s-90s show mostly increasing trends in abundance, aithough the estimated population
sizes continue to be very smail (Appendix A.)

Discussion and Conclusions of ESU Risk Analyses
Central Vailey Spring-Run Chinook Salmon ESU

A majority of the BRT concluded that the Central Valley Spring-Run Chincok Salmon
ESU is likely to become endangered in the foresesable future, and a minority felt that it is
presently in danger of extinction. There was moderately high certainty in this risk
evaluation—most of the certainty scores were 4s, and they ranged from 2-5. The FEMAT voting
method produced similar results—the majority of the likelihood points were assigned to the
“Yikely to become endangered” risk category.

The BRT was especiaily concerned about the low abundances in this ESU (Tabie 2),
Spring-run populations are in the 100s of fish in most streams, except for a single cohort in Butte
Creek, which had 20,000 spawners in 1998, and the hatchery-supported Feather River
population. The BRT was encouraged by the increase in abundance in Butte Creek, but
cautioned that the projected return for next year is not expected to be as large. In addition, the
other bright spots of naturally-produced abundance in the ESU are in Deer and Mill creeks, and
their population sizes remain small. The largest population of spring-run chinook salmon in the
ESU is in the Feather River, and the BRT noted with concern the high influence of both fall- and
spring-run hatchery fish in that run. Because of extensive introgression with fali-run fish, the |
prospects for using the Feather River stock for conservation purposes in this ESU are unclear.
The complete extirpation of the spring run from the San Joaquin River and loss of historical
spawning habitat above dams in the Sacramento River Basin has resuited in a greatly reduced
distribution of spring-run fish in the Central Valley. The primary reasons for the change in the
risk evaluation from “presently m danger of extinction” previously proposed by the BRT were
the increase in abundance of Butte Creek fish in recent years, and genetic evidence that the
chinook salmon in Butte Creek are not just hatchery strays, as discussed in the ESU
determinations section. '

The BRT noted a number of recent events that may affect the abundance of the Central
Valley Spring-Run Chinook Salmon ESU. Reduced ocean and river harvest levels, the Federal
listing of winter-run chinook salmon and Central Valley steelhead, the state listing of spring-run
chinook salmon, and the habitat improvements occurring under the CalFed program should have
improved conditions for fish in this ESU. In contrast, the 1997 New Years Day flood is expected
to sharply reduce spring-run returns in 1999, although some BRT members noted that the effects
of the flood could be beneficial over the long term.
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Central Vailey Fall and Late-Fail Run Chinook Saimon ESU

A majority of the BRT concluded that the Central Vailey Fall- and Late-Fail-Run
Chinook Salmon ESU is not presently in danger of extinction, nor is it likely to become so in the
foreseeable future. A minority felt that this ESU is likely to become endangered in the
foreseeable future. There was moderate uncertainty associated with this risk evaluation—-most of
the certainty scores were 3-4, but the scores ranged from 1-5. The risk assessment using the
FEMAT voting method produced similar results—a majority of the likelihood points were
distributed in the “not likely to become endangered” risk category.

The change in the risk evaluation from “likely to become endangered” previously
proposed by the BRT primarily was due to the increases in abundance in Central Vailey streams.
Most of the concerns expressed by the BRT for this ESU were in the trends/productivity and
genetic integrity risk categories (Table 2). Declines in abundance in the upper Sacramento River
fall run and the late-fall run remain worrisome. The continued high abundance of fall-run
hatchery fish in natural spawning escapements in this ESU was also a source of concern to the
BRT. It appears that there are several large, hatchery-influenced populations of fall-run chinook
salmon in this ESU, and reliable estimation of the natural productivity of these spawning
populations is not possible. The fact that the most abundant fall-run spawning populations in
the ESU are influenced by hatchery fish adds to the uncertainty of the status of the native,
naturally-produced populations. In addition, although most of the hatchery fish in the Central
Valley are from Central Valley broodstock, a number of streams contain fall-run chinook salmon
not native to that particular sweam. The recent upward trends in fall-run chinook salmon
populations in the San Joaquin tributaries was a promising note, but the BRT noted with concern
the high variation in abundance and its strong correspondence with human- and naturally-
impacted flow regimes. The late-fall chinook salmon escapement appears to be fairly stable, but
the BRT was concerned about the uncertainty in the escapement estimates.

The major sources of continued threats to the chinook saimon in this ESU are habitat
degradation (primarily water withdrawals and shifts in stream hydrographs), water quality, loss
of riparian and estuarine habitat, and the influence of hatchery fish. The BRT feit that several
recent actions are likely to mitigate the threats facing chinook salmon in the Central Valley Fall-
and Late-Fall Chinook Salmon ESU, including harvest reductions, the listing of winter-run
chinook salmon and steelhead under the Federal Endangered Species Act, the listing of Sprlng—run
chinook salmon under the California Endangered Species Act, improvements in water flow and

habitat conditions due to the CalFed program (e.g., the Vernalis Adaptive Management Plan
(VAMP) and Category II Restoration Projects, among others), and the recently initiated
comprehensive review of hatchery programs in the Central Valley by the CDFG and the U. S,
Fish and Wildlife Service.
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California Coastal Chinook Saimon ESU

A majority of the BRT conciuded that the chinook salmon in the California Coastal
Chinook Salmon ESU are likely to become endangered in the foreseeable future, and a minority
felt that they are presently in danger of extinction. The certainty in this risk evaluation was
moderate—most of the certainty scores were 4s, but they ranged from 1-4, and there were several
1s and 2s. The risk assessment conducted using the FEMAT voting method produced similar
results—a majority of the likelihood points were assigned to the “likely to become endangered”
risk category, and a sizeable minority were distributed in the “presently in danger of extinction”
category.

Most of the concemns the BRT had about the status of this ESU were related to the
abundance and trends/productivity risk categories (Table 2). The BRT felt that widespread
declines in abundance of chinook salmon relative to historical leveis and the present distribution
of small populations with sometimes sporadic occurrences contribute to the risks faced by this
ESU. Overall, the BRT was concerned about the paucity of information on the presence or
abundance of chinook salmon in the geographic area encompassing this ESU. The abundance
data series are short-term for most of the streams in this ESU, and there are no current data for
the long time series at Benbow Dam for the population that may have been the largest
historically (South Fork Eel River).

The BRT felt that habitat degradation and water withdrawals in the river drainages in
coastal California have contributed to the continued reduction in abundance and distribution of
chinook salmon in this ESU. Smailer coastal drainages such as the Noyo, Navarro, Garcia and
Gualala rivers likely supported chinook salmon runs historically, but they contain few or no fish
today. The Russian River probably contains some naturai production, but the origin of those
fish is not clear because of a number of introductions of hatchery fish over the last century. The -
BRT was concerned about the extinction of the spring run in the upper Eel River, which
represents an important loss of life history diversity in this ESU.

The BRT noted several factors that are likely to have improved the conditions for
chinook salmon in the California Coastal Chinook Salmon ESU, including reductions in the KMZ
and Central Valley index, the listing of coho salmon and steelhead under the federal Endangered
Species Act, changes in harvest regulations by the states of Oregon and California to protect coho
salmon and steelhead, improvements in stream water quality due to enhanced enforcement of
Clean Water Act standards, and changes in timber and land-use practices resulting from the
Headwaters HCP.
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Southern Oregon and Northern California Coastal Chinook Salmon ESU

The BRT was unanimous in concluding that the chinook salmon in the Southern Oregon-
Northern California Coastal Chinook Salmon ESU are not presently in danger of extinction, nor
are they likely to become so in the foreseeable future. The certainty in the risk evaluation was
moderately high—a majority of the certainty scores were 4, and they ranged from 3-5. The risk
scores using the FEMAT method indicated similar levels of risk to the ESU-a majority of the
likelihood points were assigned to the “not likely to become endangered” risk category.

The BRT was encouraged by the overall numbers of chinook salmon in this ESU and by
the recent increases in abundance in many of the smaller coastal streams (Table 2). In addition to
the large runs returning to the Rogue River, chinook saimon appear to be well distributed in a
number of coastal streams throughout the geographic region encompassing this ESU. Although
many of the new data sets received for review by the BRT are of short duration, the BRT was
encouraged by recent efforts by the co-managers to improve monitoring of chinook salmeon in this
region. Risks associated with the presence of hatchery fish in this ESU are relatively low;
nevertheless, the BRT was concerned about the high percentages of naturally-spawning hatchery
fish in the Chetco River and in the spring-run chinook salmon population in the Rogue River. In
addition, the restricted distibution of spring-run chinook salmon to the Rogue and Smith River
basins and their significant decline in the Rogue River could represent an important threat to the
total diversity of fish in this ESU.

The BRT noted several factors that are likely to have improved the conditions for
chinook salmon in the Southern Oregon-Northern California Coastal Chinook Salmon ESU,
including reductions in the KMZ troll fishery, the listing of coho salmon under the federal
Endangered Species Act, changes in harvest regulations by the states of Oregon and California to
protect naturally produced coho salmon and steethead, and changes in timber and land-use
practices on federal public lands resulting from the Northwest Forest Plan.

Deschutes River Summer/Fall-Run Chinook Salmon ESU

The BRT conclusions did not substantially change the Snake and Upper Columbia River
Chinook Salmon ESUs, and the status of these ESUs was not revisited.

Evaluation of the status of the ESU that includes the Deschutes River is difficult because
the historic and current extent of the ESU is not well characterized. For this reason, the BRT did
not attempt a formal extinction risk analysis for this ESU. However, the BRT did discuss
abundance, trend, and other information for the Deschutes River population. A majority of the
BRT concluded that ocean-type chinook salmon in the Deschutes River are not presently in
danger of extinction, nor are they likely to become so in the foreseeable future. A large minority
concluded that this popuiation is likely to become endangered. The BRT was highly uncertain in
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its risk determinations—most of the certainty scores were 2 or 3, and the highest score was a 4.
The risk evaluation using the FEMAT voting method also indicated high uncertainty among BRT
members. Only slightly more of the total likelihood points were distributed in the “not likely to
become endangered” than in the “likely to become endangered” category.

The BRT was concerned about the uncertainty in the abundance estimates for fall- and
summer-run chinook salmon in the Deschutes River. Uncertainty about the true population
status centered primarily around different indicators of status emerging from analysis of redd
counts (declining sharply in the upper basin; stable in the lower basin) and run-size estimates
based on expansion of mark-recapture studies (which indicate a relatively large and increasing
population). The only conclusion the BRT felt it could make from the data was that the numbers
of chinook salmon above Sherars Falls have been severely declining since the mid-1970s, and the
population below the falls may be stable. The shift in the proportion of the total Deschutes
River fall-run chinook salmon run spawning above and below Sherars Falls.has resulted in
unreliable expansion estimates for escapement above and befow the falls. In addition, the change
in the estimated ratio of the number of adults/redd over time represents a significant problem for
interpreting the expansion procedure used to generate the abundance estimates. The BRT was
hopefil that recent efforts by the CTWSRO and ODFW to conduct more extensive
mark/recapture studies in the lower river will improve escapement estimates.

The BRT also was concerned about the severe decline and possible extinction of the
summer-run chinook salmon in the Deschutes River. The significant reduction in this life history
form represents an important loss to the historical diversity in this ESU. The uncertainty
associated with the geographic boundaries containing the historical ESU added to the overall
uncertainty in the risk evaluation. The historical run sizes of fail-run chinook salmon in the
Umatilla, John Day, Walla Walla Rivers are not well known, and the numbers of fall-rm chinook
salmon in them today are very low and do not represent naturally seif-sustaining runs. If fail-
run chinook salmon that historically occurred in those streams were considered to be part of the
Deschutes River Chinook Salmon ESU, a higher extinction risk may have been appropriate for
the current ESU because extinction of the ESU would have occurred over a significant portion of
its range. '
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Table 2. Summary of BRT conclusions for extinction risk categories for the chinook salmon
ESUs. Numbers in each cell denote the number of BRT members voting for a particutar risk level
for each risk category. The five-point scale is described in Myers et al. (1998, Appendix E). 1
indicates a low risk score and 5 indicates the highest risk. A formal risk evaluation was not
conducted for the Deschutes River chincok salmon (see text).

Central Valley Spring-Run Chinook Salmon ESU

_ Risk Score
Risk Category 1 2 3 4 5 Mean
Abundance/Distribution 0 0 2 12 3 4.1
Trends/Productivity 0 3 11 2 2 32
Genetic Integrity 0 2 5 10 | 3.6
Central Valley Fail and Late-Fall Run Chinook Salmon ESU
Risk Score
Risk Category 1 2 3 4 5 Mean
Abundance/Distribution 4 10 3 1 0 2.1
Trends/Productivity 0 | 7 10 1 0 2.7
Genetic Integrity 0 9 5 4 0 2.7
California Coastal Chinook Salmon ESU
Risk Score
Risk Category 1 2 3 4 5 | Mean
Abundance/Distribution 0 0 2 | 13 3 4.1
Trends/Productivity 0 0 4 12 2 3.9
Genetic Integrity 0 10 6 2 0 2.6
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Table 2, cont’d.

Southern Oregon and Northern California Coastal Chinook Saimon ESU
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Risk Score
Risk Category 2 3 4 5 Mean
Abundance/Distribution 12 3 0 0 . 2.0
Trends/Productivity 12 5 0 -0 22
Genetic Integrity 14 2 0 0 2.0
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HATCHERY POPULATIONS
Introduction

For those ESUs that are identified as threatened or endangered i the final listing
determination (Central Valley Spring Run and California Coastal), it will be necessary for NMFS
to determine the ESA status of hatchery populations that are associated with the listed ESU(s).
According to NMFS policy (NMFS 1993, see also Hard et al. 1992), two key questions must be
addressed for each hatchery stock associated with a listed species: 1) Is it part of the ESU? And,
if 50, 2) Should the hatchery population be listed? The focus of these evatuations should be on
“existing hatchery fish,” which are defined in the policy to include prespawning aduits, eggs, or
juveniles held in a facility, as well as fish that were released prior to the listing but have not
completed their life cycle.

The first question--the ESU status of existing hatchery populations--is a biological one,
and the guiding principle should be whether the hatchery population contains genetic resources
similar to those of natural populations in the ESU. The second question is an administrative one.
According to NMFS policy, existing fish would generally not be listed even if they are part of the
ESU unless they are considered “essential” for recovery (see discussion below).

To address the ESU question, the BRT considersd information on stock histories and
broodstock collection methods for existing hatchery populations associated with the four ESUs.
Additionally, where available, the BRT considered genetic information on hatchery populations
and their relationship with naturally spawning populations within and outside of the ESU. In
evaluating importance for recovery, the BRT considered the relationship between the natural and
hatchery populations and the degree of risk faced by the natural population(s), whether the

hatchery stock might be used to assist in recovery. Hatchery programs that have not recently
produced chinook salmon were not considered.

It is important to note two considerations with respect to the evaluations of hatchery
populations. First, the BRT conclusion apply to individual hatchery stocks and not to facilities.
Second, a determination that a stock is not “essential” for recovery does not preclude it from
playing a role in recovery. Any hatchery population that is part of the ESU is available for use
in recovery if conditions warrant. In this context, an “essential” hatchery population is one that
is vital to fully incorporate into recovery efforts at the outset (for example, if the associated
natural population(s) were already extinct or at high risk of extinction). Under these
circumstances, NMFS would consider taking the administrative action of listing the existing
hatchery population at the time of the final listing determination. Fish that are progeny of listed
fish taken into a hatchery for broodstock will be listed, so any hatchery population involved in
formal recovery under the ESA will eventually be comprised of listed fish.
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[nformation on Hatchery Stocks
Central Valley Spring-Run Chinook Salmon ESU

Feather River Spring-Run Stock--The Feather River Hatchery was constructed to
mitigate the toss of spawning and rearing habitat due to the construction of Oroville Dam. Prior
to the completion of the Qroville Dam spring-run chinook salmon were transported above the

" dam construction site to spawn naturally. In 1965 and 1966, 1,185 and 744 spring-run chinook
salmon were trapped and hauled 10.4 km above the dam site. Operations at the hatchery began
in 1967 when 29 females out of a total of 129 adults trapped were spawned to establish the
broodstock program. Early attempts to hold spring-run chincok salmon prior to maturation
resulted in very high mortalities. In subsequent years, the hatchery gate was not opened until
late in August or early September, which may have resulted in some of the broodstock spawning
naturally. Excluded from their natural spawning habitat, spring-run chinook salmon hold and
spawn below the Thermalito Diversion Dam. In the absence of spatial separation from the fall-
run chinook salmon there is considerable potential for hybridization between the spring and fall
runs both naturally and in the hatchery (Yoshiyama et al. 1996). Furthermore, the overlap in
spawning timing between runs has potentially resulted in a dilution of the genetic integrity of the
less numerous spring run. Genetically, spring-run chinook salmon from the Feather River
Hatchery most closely resemble fall-run from chinook salmon the Feather River Hatchery.
Whether this similarity is due to hybridization between the two runs, the result of their
monophyletic evolution (which is the norm for most populations south of the Columbia River
Basin), or, in part, both, is not known. Furthermore, Feather River spring run is the nearest
(genetic) population to the two naturally spawning populations for which we have samples for
(Butte Creek and Deer Creek; see New Genetic Information).

Watershed: Feather River
Recent 5 year abundance: 5,013
Recent hatchery collection: 4850 (5 year average)
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California Coastal Chinook Salmon ESU

Freshwater Creek Stock--The Humboldt Fish Action Council operates a trapping and
rearing station on Freshwater Creek, which drains into Humboldt Bay. During the 1996/97
return year, 20 fall-run chinook salmon were trapped and 5 females spawned (Radford 1998).
Juveniles have been released in Freshwater Creek and Clooney Creek (a nearby system).
Stocking records do not document large releases of non-native fish into this basin, although during
1970-72 there were some 584,000 fish planted of unknown origin.

Watershed: Humboldt Bay
Recent 5 year abundance: not known
Recent hatchery collection: 20

Redwood Creek Stock--The Pacific Coast Federation of Fishermen’s Associations (Eel
River Project) operates a trap and rearing facility in the Redwood Creek Basin. The program was
establish in 1984 and is currently in operation. During the 1996/97 collection season , 23 females
were spawned. The progeny of spawned adults are returned to the Redwood Creek watershed
(Radford 1998). Genetically, Redwood Creek fail-run chinook salmon cluster with other samples
from the Eel River Basin.

Watershed: Eel River Basin
Recent 5 year abundance: not known
Recent hatchery collection: 73

Hollow Tree Creek Stock—The Hollow Tree Creek stock was founded by trapping
returning adults from Hollow Tree Creek, a tributary to the South Fork Eel River, in 1979. The
egg taking station was a cooperative venture funded by CDFG, timber companies, and sport and
commercial fishers. Water hardened eggs are transferred to the Ten-Mile River Hatchery for
incubation and rearing, prior to being retumed to Hollow Tree Creek. The facility is currently
being operated by the Salmon Restoration Association of California. During the first year of
trapping 300 chinook salmon (142 females) were intercepted at the trap. During 1995, 114
chinook salmon were trapped, 111 subsequently released, and 3 females were spawned. Most
recently (1996/97) 313 chinook salmon adults were trapped, and 49 females spawned (Radford
1996, 1998). Genetically, Hollow Tree Creek fall-run chinook salmon cluster with other samples
from the Eel River Basin.

Watershed: Eel River
Recent 5 year abundance: (100s-1000s)
Recent hatchery collection: 313
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Van Arsdale Egg Collection Station Broodstock--The Van Arsdale Station (Snow
Mountain Station) has been in operation since 1907. Prior to the 1970s returning adult chinook
salmon were trapped at Capehorn Dam. and passed above the Dam. In the mid-1970s, a program
was begun to rear eggs collected from returning fall-run chinook saimon. In some years, eggs from
Iron Gate Hatchery (upper Klamath and Trinity Rivers Chinook Salmon ESU) were imported
and released into the Eel River (1972-77, 625,000 eggs). Broodstock are collected at the trap at

-Capehorn Dam and at a nearby tributary to the Eel River, Outlet Creek. Both naturally-
produced and returning hatchery-produced fish are used as broodstocks.

Watershed: Eel River
Recent 5 year abundance: {100s-1000s)
Recent hatchery collection: 200, of which 59 were hatchery marked (returned to trap)

Mad River Hatchery Stock—-The Mad River Fish Hatchery began operations in 1971,
During the first year, no adult chinook salmon broodstock were trapped locaily, but 650,000
juvenile fall chinook salmon from the Minter Creek Hatchery (Puget Sound Chinook Saimon
ESU) were released. The next year, 323 adult fall-run chinook salmon were trapped from the
Mad River. In 1973, 45 female chinook salmon from Freshwater Creek were brought to the Mad
River Hatchery; their offspring constituted about half of the juveniles released in the Mad River.
In subsequent years returning adults have provided the eggs for the hatchery production. Recent
(1980s) allozyme studies indicated that the original Minter Creek Hatchery release probably
contributed very little the present broodstock. ‘

Watershed: Mad River
Recent 5 year abundance: 100s-1000s
Recent hatchery collection: low

Yager Creek Stock:--Since 1976, the Pacific Lumber Company has operated 2 trapping
and rearing complex in the Van Duzen River Basin. During the 1996/97 adult collection, 73
returning fall-nn chinook salmon adults were trapped (16 were subsequently released). There
were 23 females spawned, which produced approximately 24,000 subyearling fish for release into
Yager Creek and other tributaries of the Van Duzen.

Watershed: Van Duzen
Recent 5 year abundance: (very low)
Recent hatchery collection: 60

Mattole River Stock--The Mattole Watershed Salmon Support Group traps adults
retumning to the mainstem Mattole River. Juveniles are subsequently reared at, and released from,
a number of smaller rearing facilities through the river basin. No adults were trapped in 1995
because of permitting difficulties with CDFG {(Radford 1996). In 1996/97, 24 females were
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trapped, 6 females spawned, and 23,000 subyeariing juveniles released (Radford 1998). Thex-e'
have been no introductions of fish from outside of the basin into the Mattole River.

Watershed: Mattole River
Recent 5 year abundance: not known (100+)
Recent hatchery collection: 20

Warm Spring Hatchery Fall-Run Chinook Salmon Stock—Comments received from
CDFG assert that chinook salmon native to the Russian River Basin were extirpated early in the
190ns. The founding stock of chinook salmon for the Warm Springs Hatchery in the Russian
Ri+ - Basin was acquired from the Rowdy Creek Hatchery (Smith River) in 1980. In subsquent
yez: . fish were imported from Wisconsin (Great Lakes (ex-Washington and Oregon Coast)),
Ho: w Tree Creek (Eel River Basin), SilverKing Ocean Farms, Noyo River, and Mad River
Har. =ry. No adult chinook salmon were trapped prior to the return of the first released
juven:ies. Returning broodstock were collected at the hatchery (Dry Creek). Additional adult
broodstock were collected at the Outlet Creek Trap (Eel River Basin). Returns were only able to
meet production needs during the 1989 return year. During the 1998/99 collection season, no
adults returned to the hatchery trap (CDFG 1999). The current broodstock does not apparently
represent one genetic lineage, but an amalgamation of stocks from within and outside of the ESU.

Watershed: Russian River
Recent 5 year abundance: not known (100s)
Recent hatchery collection: 11

Petaluma River Stock--During 1995 the United Anglers Program at the Casa Grande
High School trapped 34 fall-run chinook salmon from the Petaluma River (1996); however only
12 aduits (3 females) were collected during 1996/97 (Radford 1998).. Progeny from adults were
reared at the High School prior to being transferred to the Tyee Club for release into San
Francisco Bay. There is no life history or genetic information on this stock; however, hundreds
of thousands of juvenile Central Valley chinook salmon are released into San Francisco Bay and
stray into local tributaries during their adult return migration.

Watershed: Petaluma River
Recent 5 year abundance: not known (very low)
Recent hatchery collection: 12

Feather River Hatchery Fail-Run Chinook Salmon Stock—Eggs and juveniles
produced from adults returning to the Feather River Hatchery (Central Valley Late-Fall and Fall
Chinook Salmon ESU) were used at a number non-profit facilities along the coast. The Central
Coast Salmon Enhancement Inc. (Port San Luis), Fishery Foundation of California (San Pablo
Bay), Monterey Bay Salmon and Trout Project (Monterey Bay), and the Tyee Club of San
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Francisco (San Francisco Bay) all release Feather River fish, although some only hold the fish for
acclimation prior to release. There is are no facilities to recover returning aduits.

Watershed: Various
Recent 5 year abundance: not known (very small)
Recent hatchery collection: NA (imported)

Nimbus Hatchery Fall-Run Chinook Salmon Stock:—Eggs and juveniles produced
from aduits returning to the Nimbus Hatchery (Central Valley Late-Fall and Fail Chinook Salmon
ESU) were used at a number non-profit facilities along the coast. The Fishery Foundation of
California (San Pablo Bay) releases fish from floating net-pens after they have been held for only
a few hours. There is are no facilities to recover returning adults.

Watershed: Various
Recent 5 year abundance: not known (very small)
Recent hatchery collection: NA (imported)

Determining the ESU status of Hatchery Broodstocks

For practical purposes, a hatchery population will be considered to be part of a biological
ESU if the population or populations from which it was derived were also part of the ESU.,
More specifically, a hatchery population will be considered part of the biological ESU so long as
the proportion of non-ESU fish incorporated into the hatchery population over its history has
pot been substantially higher than the proportlon of stray non-ESU fish in natural populanons
within the ESU.

Categories of hatchery populations (all within the ESU)

Category 1: The hatchery population is closely associated with and very similar to a
particular wild population. For example: :

-The hatchery population was recently founded (e.g. within one or two generations) from
a large (either in absolute terms or as a proportion of the donor population),.
representative sample of a single wild population.

-The hatchery population was founded some time in the past (e.g. more than two
generations ago) as a large representative sample from a single wild population, and has
received regular, substantial and representative infusions of wild fish from the original
founding population into the broodstock since that time.
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Category 2: The hatchery population is associated with but potentiaily diverged from a
particular wild population. For example:

-The hatchery population was founded from a single wild population some time in the
past, but the sample was not representative or was small or the broodstock has received
few or no reintroductions of wild fish since the time of founding.

Category 3: The hatchery population ts known or suspected to be substantiaily diverged
from all wild populations currently or formally in the ESU. For example:

-The hatchery population has been deliberately artificially selected.

-The hatchery population was founded with a very small number of fish or has received
few or no infusions of wild fish into the broodstock since the time of founding.

-The hatchery population was founded from a mixture of several wild or hatchery
populations from within the ESU.

Discussions and Conclusions of the BRT on Hatchery Broodstock Status
Central Valley Spring Run Chinook Salmon ESU

The consensus of the BRT was that the Feather River Hatchery stock of spring-run
chinook salmon is part of the ESU. Although there was considerable information indicating that
hybridization between spring- and fall-run fish had occurred in the hatchery, the BRT concluded
that the spring-run stock still exhibited life history characteristics consistent with spring-run fish
in the Central Valley. While genetic analysis revealed a strong similarity between spring- and fall-
run fish in the Feather River (and other Central Valley fall-rm stocks) relative to other spring-run
stocks in the Central Valley, many members of the BRT were uncertain how the present analysis
reflected the historical relationship between the two runs in the Feather River Basin. However,
the BRT was unanimous in concluding that the spring run had undergone some genetic change
during artificial propagation. The majority of the BRT considered this a category 3 stock, and
not essential for recovery.

California Coastal Chinook Salmon ESU

The BRT unanimously agreed that the Redwood Creek, Hollow Tree Creek, Freshwater
Creek, Mad River Hatchery, Van Arsdale Station, Yager Creek, and Mattole River stocks of fall-
‘run chinook salmon were all part of the ESU. The majority of the stocks were maintained via
small supplementation programs, in many cases a high proportion of the broodstock collected
were of natural origin. Furthermore, most of the programs have been in operation for a limited
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number years, reducing the risk of domestication. In some cases information on the programs
was very limited, with almost no genetic or life history information. The majority of the votes
were split between a Type | and 2 classification for the Redwood Creek, Hollow Tree Creek,
Freshwater Creek, and Mattole River stocks (reflecting the short duration of these programs and
inclusion of naturaily produced as broodstock) . For the Mad River Hatchery, Van Arsdale
Station, and Yager Creek stocks, the general consensus of the BRT was that these were Type 2
stocks. The BRT unanimously agreed that none of the stocks reviewed was considered essentiai
for recovery, with the exception of the Mattole River and Van Arsdale Station stocks which were
considered essential for recovery by a minority of the BRT. '

The BRT unanimously agreed that the Warm Springs Hatchery stock of fall-run chinook
salmon was not part of this ESU, primarily due to the large numbers of out-of ESU fish
transferred to the hatchery, and the genetic analysis which indicates that these transfers have
influenced the genetic character of the stock. Furthermore, fall-run fish of Feather River or
Nimbus Hatchery origin that are released in this ESU are also not part of the ESU, due to their
out-of-ESU origin. Because of the uncertainty related to the ESU status of San Francisco Bay
and the impact of Central Valley fall-run strays, it was unclear which ESU this stock should be
evaluated relative to.

Types of conservation strategies that would be reasonable to consider for different
categories of hatchery population

This list consists of conservation strategies that are reasonable to consider for the
different categories of hatchery populations. As is discussed in the NMFS's Interim Policy on
Artificial Propagation of Pacific Salmon Under the Endangered Species Act (FR 58:17573-6),
artificial propagation shouid not be considered a substitute for addressing the underiying causes
of an ESU's decline. Furthermore, even under ideal circumstances artificial propagation may
entail genetic and ecological risks to natural populations. The determination of whether to
actually pursue one of the strategies listed below should be based on an objective analysis of
potential benefits and hazards on a case by case basis, as well as how the proposed action fits
into the overall recovery strategy of the ESU.

Artificial reserves: Artificial reserves provide a conservation benefit by maintaining a
population in a protected, often productive, artificial environment. Populations held captive for
part or all of their life-cycle help to ensure that even if many or all of the wild populations in an
ESU become extinct, at least part of the ESU may survive in captivity and be available for
reintroduction or supplementation efforts. As they are defined here, fish in artificial reserve
populations are generally not intended to spawn in the wild in significant numbers unless or uatil
the population is needed for supplementation or reintroduction purposes. Category 1
populations, because they are closely associated with and similar to a particular wild population,
are likely to provide the greatest benefits and least risks as reserve populations, but category 2



*x* Nt for Distribution *** 32 *** Predecisional ESA Document ***

and even category 3 hatchery populations may provide conservation benefits as artificial reserves
in specific cases.

Supplementation; For purposes of this paper, supplementation is defined as the use of
artificial propagation to increase the number of natural spawners in a population. A
supplemented population essentially exists concurrently in both a natural and artificial
environment. Supplementation by definition involves close integration with a natural population,
and therefore has a greater potential to lead to genetic change in a natural population than does an
artificial reserve project that is successfully isolated from natural populations. In most cases
only category 1 hatchery populations should be considered as candidates for use in
supplementation projects, and then only for supplementation of the natural population from
which the hatchery population was derived. Category 2 hatchery populations should be
considered as candidates for use in supplementation only if a risk/benefit anaiysis clearly
indicates that supplementation with such a population is likely to provide a net benefit to the
species and a more appropriate category 1 hatchery population is not available or cannot be
created in a timely manner. Because they are by definition genetically diverged from any natural
population in the ESU, category 3 hatchery populations should not be used for supplementation
except in extreme circumstances.

Reintroduction; For purposes of this paper, reintroduction is defined as the
establishment of a natural population in an area formally inhabited by a now extinct conspecific
natural population. In many cases, the ideal source of fish for reintroduction purposes may be a
category 1 or category 2 hatchery population derived from the extinct natural population. If such
a hatchery population is not available, any population (hatchery or natural) or even combination
of populations within the ESU could potentially be a candidate source of fish for reintroduction.
The choice of which population(s) should be based on objective assessment of the likelihood of
success, risks the reintroduction may impose to other populations or species (including the donor
population), and how the reintroduction fits into the overail recovery strategy for the ESU. If
possible, reintroducing fish from the same donor population into many areas of a large or diverse
ESU should be avoided in order to promote and maintain diversity among populations.



*»* Nqt for Distribution *** 83 *x% Dradecisional ESA Document ***
REFERENCES

Alaska, State of (AK). 1998. Documents submitted to the ESA Administrative Record for west
coast chinook salmon by 21 August 1998. (Available from Protected Resources Division,
NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Anderson, D.G. 1998. Redwood Creek basin 1996-1997 spawning and carcass survey annual
' progress report. Redwood National and State Parks, Orick, CA. 8 pp.

Anderson, D.G. 1999. Redwood Creek basin 1997-1998 spawning and carcass survey annual
progress report. Redwood National and State Parks, Orick, CA. 8 pp.

Association of California Water Agencies (ACWA). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by D. Smith, 29 June 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Aho, R, G. Concannon, J. Ziller, and S. Pribyl. 1979. An ecological and fish cultural study of

Deschutes River salmonids. Annual progress report of the Oregon Department of Fish
and Wildlife.

Banks, M. and M. Bartron. 1999. Microsatellite DNA variation among Klamath River chinook
salmon sampled from fall and spring runs, Completxon Report March 1999. Submitted to
the Yurok Tribe Fisheries Program.

Banks, M.A., V.K. Rashbrook, M.J. Calavetta, C.A. Dean, and D. Hedgecock. Microsatellite
DNA Variation in Chinook Salmon of California’s Central Valley. 1999. Canadian
Journal of Fisheries and Aquatic Sciences 00: 000-000 (in press).

Bartley, D. M., and G. A. E. Gail. 1990. Genetic structure and gene flow in chinook salmon
populations of California. Trans. Am. Fish. Soc. 119:55-71.

Bartley, D., B. Bentley, J. Brodziak, R. Gomulkiewicz, M. Mangel, and G. A. E. Gall. 1992.
Geographic variation in population genetic structure of chinook salmon from California
and Oregon. U.S. National Marine Fisheries Service Fishery Bulletin 90:77-100
(authorship amended per errata, Fishery Bulletin 90[3]:iii).

Beaty, R.E. 1996. Evaluation of Deschutes River fall chinook salmon. Technical Report 96-6.
Columbia River Inter-Tribal Fish Commission, Portland , Or. July 1996.



*+= Not for Distribution *** 84  *** Predecisional ESA Document ***

Beyerlin, S. 1998. Documents submitted to the ESA Administrative Record for west coast
chinook saimon 7 May 1998. (Available from Protected Resources Division, NMFS, 525
N.E. Oregon St., Suite 500, Portland, OR 97232.)

Big Eagle & Aassociates and LGL Limited. 1995. Chinook salmon catch, escapement and
historical abundance data. June 9, 1995.

Boucher, D. And A. Boucher (1998). Documents submltted to the ESA Administrative Record
for west coast chinook salmon 7 July 1998. (Available from Protected Resources
Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Brown, M.W. 1938. The salmon migration in the Shasta River (1930-1934). California Fish and
Game.

Brookings Harbor Camber of Commerce (BHCC). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by L. Cohen. 7 July 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

California Advisory Committee on Salmon and Steelhead Trout (CACSST). 1988. Restoring the
balance. Calif. Dep. Fish Game, 34 p. (Available from California Department of Fish and
Game, Inland Fisheries Division, 1416 Ninth St., Sacramento, CA 95814.)

California Department of Fish and Game (CDFG). 1965. California fish and wildlife plan. Three
volumes. Sacramento, CA. (Available from California Department of Fish and Game,
Inland Fisheries Division, 1416 Ninth St, Sacramento, CA 95814.)

California Department of Fish and Game (CDFG). 1997. San Joaquin River chinook saimon
enhancement project: Annual report fiscal year 1995-96. CDFG Report dated April

1997. 104 p. (Available from California Department of Fish and Game, Region 4, 1234
East Shaw Avenue, Fresno, CA 93710)

California Department of Fish and Game (CDFG). 1998a. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by J. Schaefer. 14 August 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

California Department of Fish and Game (CDFG). 1998b. A status review of the spring-run

chinook salmon (Oncorhynchus tshawytscha) in the Sacramento River drainage. CDFG
report to the Fish and Game



=»» Not for Distribution *** 85  *** Predecisional ESA Document ***

California Department of Fish and Game (CDFG). 1999a. California Department of Fish and
Game Grand Table for Central Valley Salmon Populations. Provided by Robert Kano,
May 20, 1999.

California Department of Fish and Game (CDFG). 1999b. Annual chinook and steelhead counts
Van Ardsdale Fisheries Station. Submitted by Alan Grass, February 19, 1999 to Greg ’
Bryant. Risk Group files.

California Department of Fish and Game (CDFG). 1999¢. Data provided at Co-managers Meeting
5/11/99, Eureka, CA, including: 1) History of fish trapped at Warm Springs Hatchery
(Royce Gunther, CDFG Hatchery Manager, 707-433-6325);2) Coyote Valley Fish
Facility; 3) Dry Creek Chinook; 4).Van Arsdale Fisheries Station (Alan Grass, CDFG
Hatchery Manager); and 5) Summary of chinook salmon spawner surveys conducted in
Mendocino County - Eel River Basin.

California Sportfishing Protection Alliance (CSPA). 1998. Documents submitted to the ESA
Adminijstrative Record for west coast chinook salmon by B. Baiocchi. 12 May 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500
Portland, OR 97232.) ’

Calkins, R. D., W. F. Durand, and W. H. Rich. 1940. Report of the board of consultants on the
fish problem of the upper Sacramento River. Stanford Univ., 34 p. (Available from
Environmental and Technical Services Division, National Marine Fisheries Service, 525
N.E. Oregon St., Suite 500, Portland, OR 97232.)

Campbell, E. A, and P. B. Moyle. 1990. Historical and recent populations sizes of spring-run
chinook salmon in California. n: T. J. Hassler (editor), Northeast Pacific chinook and
coho salmon workshops and proceeding, Humbolt State University, Arcata, CA, p. 155-
216. )

Cannon, T. 1999. Documents submitted to the ESA Administrative Record for west coast
chinook salmon. 26 May 1999. (Available from Protected Resources Division, NMFS
525 N.E. Oregon St., Suite 500, Portland, OR 97232.) ’

Cavalli-Sforza, L. L., and A. W. F. Edwards. 1967. Phylogenetic analysis: Models and estimation
procedures. Evolution 21:550-570.



%% Not tor Distribution *** 36 *** Predecisional ESA Document ***

Central Valley Project Water Association (CVPWA) 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by S. Birk. 26 June 1998,
(Available from Protected Resources Division, NMFS. 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

City and County of San Francisco (CCSF) 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by D.W. Furman. 30 June 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Clark, G. H. 1929. Sacramento-San Joaquin salmon (Onchynchus tschawytscha) fishery of
California. Calif. Fish Game Bull. 17:73. ’

Clark, G.H. 1940. California salmon catch records. Califomnia Fish and Game. 26:49-66.

Columbia River Inter-Tribal Fish Commussion (CRITFC). 1998. Letter from T. Strong (Columbia
River Inter-Tribal Fish Commission) to G. Griffin (Protected Resources Division, NMFS
Northwest Region) dated 30 June 1998. ' ‘

Confederated Tribes of the Warm Springs Reservation of Oregon (CTWSRO). 1999. Documents
submitted to the ESA Administrative Record for update on west coast chinook salmon by
Colleen Fagan, June 1999.

'Cooney, C. X.,and S. E. Jacobs. 1994. Oregon coastal salmon spawning surverys, 1992. Oreg.
Dep. Fish Wildl, Fish Div. Info. Rep., No. 94-2, 103 p.

Cramer, S. P. [1989]. Contribution of Sacramento Basin hatcheries to ocean catch and river
escapement of fall chinook salmon. S.P. Cramer & Associates, 113 p. (Available from S.
P. Cramer and Associations, Inc., 300 S.E. Arrow Creek Land, Gresham, OR, 97080.)

" Cramer, S. P. 1996. The status of late-fall and spring chinook salmon in the Sacramento River
Basin in regards to the Endangered Species Act. S.P. Cramer & Associates, 39 p.
(Available from S.P. Cramer & Associates, Inc., 300 S.E. Arrow Creek Lane, Gresham,
OR 97080.)

Data Access in Real Time Adult Passage (DARTAP). 1999. Columbia River Basin Research

University of Washington, Seattle, WA. (Available through Online Internet database at
HTTP://www.cqs.washington.edu/dart/adult html).



»xx Not for Distribution *** 87  *** Predecisional ESA Document ***

Delarm, M. R, and R. Z. Smith. 1990. Assessment of present anadromous fish production
facilities in the Columbia River Basin Volume 4: Washington Department of Fish
Hatcheries. Bonneville Power Administration. 89-045, 130 p. (Available from
Bonneville Power Administration, Division of Fish and Wildlife-PJ, P.O. Box 3621,
Portland, OR 97208.)

Del Norte Board of Supervisors (DNBS). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by F. Galea. 26 May 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.) '

Department of Water Resources (DWR). 1998. Documents submitted to the ESA Administrative
Record for west coast chinook salmon by C. Crothers, 29 June 1998. (Available from
Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR
97232))

Dettman, D. H., D. W. Kelley, and W. T. Mitchell. 1987. The influence of flow on Central
Valley salmon. Prepared for the California Dept. of Water Resources. Revised July 1987
, 66 p. (Available from D.W. Kelley and Associates, 8955 Langs Hill Rd., P.O. Box 634,
Newcastle, CA 95658.) '

East Bay Municipal Utility District (EBMUD). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by R.C. Nuzum. 18 June 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Evermann, B .W. 1896. A preliminary report on salmon investigations in Idaho in 1894. Bull.
U.S. Fish Comm. 15:253-284.

Fagan. 1998. Fail Chinook Salmon Monitoring Program, 1997. Submitted by C. Calica 7/98.

Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest ecosystem
management: an ecological, economic, and social assessment. U.S. Forest Service, National
Marine Fisheries Service, Bureau of Land Management, U.S. Fish and Wildlife Service,
National Park Service, U..S. Environmental Protection Agency. Portland, Oregon, and
Washington D.C. 843 p + appendices.

Gale, D. 1999. Submitted salmonid adult counts for the Yurok Tribal Fisheries Program. April
21, 1999.



=% \[gt for Distribution *** 88  *** Predecisional ESA Document ***

Fuss, H.J., and C. Ashbrook. 1995. Hatchery operation plans and performance summaries.
Volume I (2). Puget Sound. Annual Report. Washington Department of Fish Wild.,
Assessment and Develop. Div., Olympia. (Availabie from Washington Dept. of Fish and
Wildlife, 600 Capital Way N., Olympia, Washington, 98501-1091.)

Galbreath, J.L. 1966, Timing of tributary races of chinook salmon through the lower Columbia
River based on analysis of tag recoveries. Fish Comm. Oreg., Res. Briefs 12: 58-80.

Gall, G.A.E., B. Bentley, C. Panattoni, E. Childs, Q. Chun-fang, S. Fox, M. Mangel, J. Brodziak,
and R. Gomulkiewicz. Chinook mixed fishery project. University of California, Davis.
192 pp + Appendices.

Garcia, A.P., R.D. Waitt, C.A. Larsen, S.M. Bradbury, B.D. Amsberg, M. Key, and P.A. Groves.
1999. Spawning distribution of fall chinook salmon in the Sanke River. Annual Report
1998. Chapter Two: Fall chinook sailmon spawning ground surveys in the Snake River
Basin upriver of Lower Granite Dam, 1998. Prepared by USFWS for U.S. Dept. of
Energy. Project No. 9801003, Contract No. 98 AI 37776. March 1999.. 23 p.
(Available from BPA, Division of Fish and Wildlife, P.O. Box 3621, Portland, OR 97208-
3621.)

Hanson, H. A., O. R. Smith, and P. R. Needham. 1940. An investigation of fish-salvage
problems in relation to Shasta Dam. U.S. Dep. Interior, Bureau of Fish., Special Scientific
Report. 10, 200 p.

Hard, J. J., R. P. Jones, Jr., M. R. Delarm, and R. S. Waples. 1992. Pacific salmon and artificial
propagation under the Endangered Species Act. U.S. Dep. Commer., NOAA Tech.
Memo., NMFS-NWFSC-2, 56 p.

Harris, Scott. 1998. Chinook Tomki River numbers. Email from Harris (CDFG) to Greg Bryant,
October 5, 1998.

Hatton, S.R. 1940. Progress report on the Central Valley fisheries investigations, 1939.
California Fish and Game. 26: 334-373.

Heberer, C. 1999. Memo to Craig Wingert, NMFS, SWR. Synopsis of inriver harvest
information for chinook salmon in the Central Valley. 10 pp. (Available from Protected
Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Higgins, P., S. Dobush, and D. Fuller. 1992. Factors in northern California threatening stocks
with extinction. Humboldt Chapter of the American Fisheries Society Arcata, CA, 24 p.



=** Not for Distribution *** 89  *** Predecisional ESA Document ***

Holman, G. 1972. King salmon spawning - Russian River, Sonoma County. Memorandum of the
California Department of Fish and ‘ *ame dated November 20, 1972. 2 p.

Holden, B. 1999, Smith River chinook data submitted to the ESA Administrative Record for
Update on Southern Oregon/Northern California Chinook Salmon ESU. Baker Holden,
Sixes River National Forest. June 3, 1999.

Hoopa Vailey Tribal Council (HVTC). 1995. Letter from George Kautsky to Mr. Big Eagle
regarding summaries of catch, escapement and juvenile production data. Hoopa Valley
Tribal Council, Natural Resource Division, Fisheries Department. 4 p.

Horner, N., and T.C. Bjornn. 1979. Status of Upper Columbia River Fall Chinook Salmon
(Excluding Snake River Populaons.) 45 p. ‘

Howard, C.F. 1998. Fall salmonid spawning escapement estimates for Rock Creek and Mill
Creek. Fourth Interim Report (1993/94-1997/98). Stimson Lumber Company, Crescent
City, CA.

Howard, C.F. 1999. Chinook and coho salmon spawning escapement estimates for Rock Creek
and Mill Creek. Fifth Interim Report (1993/94-1998/99). Stimson Lumber Company,
Crescent City, CA. March 5, 1999. \

Howard, C. and P. Albro. 1997. Juvenile outmigrant monitoring program, 1997 progress report
for the West Branch and East Fork of Mill Creek. Reilim Redwood Co., Crescent City
Ca. September 30, 1997. ’

Howeil, P., K. Jones, D. Scarpecchia, L. LaVoy, W. Knedra, and D. Orrmann. 1985. Stock
assessment of Columbia River anadromous salmonids. Vol: I. U.S. Dep. Energy,
Bonneville Power Administration. Project No. 83-335, 558 p.

Hubbs, C.L. 1946, Wandering pink salmon and other salmonid fishes into southern California.
California Fish and Game. 81-86.

Huntington, C., w. Nehlsen, and J. Bowers. 1996. A survey of healthy native stocks of
anadromous salmonids in the Pacific Northwest and California. Fisheries 21(3):6-14,

Hymer, J., R. Pettit, M. Wastel, P. Hahn, and X. Hatch. 1992a. Stock summary reports for
Columbia River anadromous salmonids. Volume ITI: Washington subbasins below
McNary Dam. Bonneville Power Administration. Project No. 88-108, 1077 p.



=** Not for Distribution *** 90 *** Predecisional ESA Document ***

Hymer, J., R. Pettit, M. Wastel, P. Hahn. and K. Hatch. 1992b. Stock summary reports for
Columbia River anadromous salmonids. Vol. IV: Washington subbasins above McNary
Dam. Bonneville Power Administration. Project No. 88-108, 375 p. (Available from
Bonneville Power Administration, Division of Fish and Wildlife, Public Information
Officer - PJ, P.O. Box 3621, Portland, OR, 97208.)

Idaho Department of Fish and Game (IDFG). 1999. Letter from E. B. Bowles (IDFG) to R.
Waples (Northwest Fisheries Science Center, NMFS) dated 17 May 1999. (Available
from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR
97232.)

Irving, J.S. and T.C. Bjornn. 1981. Stats of Snake River Fall chinook salmon in relation to the
Endangered Species Act. U.S. Fish and Wild. Service Report. 55 p.

Jewett, P.F. 1979. Mokelumne River fish installation annual report for 1976-77 season.
Anadromous Fisheries Branch Administrative Report No. 79-4. 13 p.

Jonasson, B.C., and R B. Lindsay. 1988. Fall chinook salmon in the Descutes River. Oregon
Department of Fish and Wildlife Research and Development Section, Information Report
88-6, p-

Jones, W. 1999. Documents submitted to the ESA Administrative Record for west coast chinook
salmon. May 1999. (Available from Protected Resources Division, NMFS, 525 N.E.
Oregon St., Suite 500, Portland, OR 97232.

Jordan, D.S. 1894. Notes on the freshwater fishes of San Luis Obispo County, California. Bull.
U.S. Fish Comm., XIV: 141-142. .

Jordan, D.S., and C.H. Gilbert. 1881. Notes on the fishes of the Pacific Coast of the United
States. Proc. U.S. Nat. Mus., IV: 29-70.

Kim, T.J., K.M. Parker, and P.W. Hedrick. 1999. Major histocompatibility complex
differentiation in Sacramento River Chinook Salmon. Genetics 151: 1115-1122.

Klatte, B. and T. Roelofs. 1997. Salmon redd composition, escapement and migration studies in
Prairie Creek, Humboldt County, California, 1996-1997: 1997 Final Report - DRAFT.
Humboldt State University, Arcata, California. 32 pp.

Kostow, K. 1995. Biennial Report on the Status of Wild Fish in Oregon. Oreg. Dep. Fish Wildl.

Rep., 217 p. + appendices. (Available from Oregon Department of Fish and Wildlife,
P.O. Box 59, Portland, OR, 97207.)



»#x Nt tor Distribution *** 91  *** Predecisional ESA Document ***

LaVoy, L., and G. Mendel. 1996. Stock composition of fail chinook at Lower Granite Dam in
1995. Washington Department of Fish and Wildlife, Columbia River Progress Report No.
96-13.

Lichatowich, J. 1998. A conceptual foundation for the management of native salmonids in the
Deschutes River. Final Draft, November 1998. Report to Portland General Electric
Company.

Lower Rogue Watershed Council (LRWC). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon. Undated 1998. (Available from
Protected Resources Division, NMFS, 525 N.E. Cregon St., Suite 500, Portland, OR
97232.

Marshall, A. R., C. Smith, R. Brix, W. Dammers, J. Hymer, and L. LaVoy. 1995. Genetic
diversity units and major ancestral lineages for chinook salmon in Washington. /n C.
Busack and J. B. Shaklee (editors), Genetic diversity units and major ancestral lineages of
salmonid fishes in Washington. p 111-173. Wash. Dep. Fish WildL. Tech. Rep. RAD 95-
02. (Available from Washington Department of Fish and Wildlife, 600 Capital Way N.,
Olympia WA 98501-1091.)

Mills, T., and P. Ward. 1996. Status of actions to restore Central Valley spring-run chinook
salmon: a special report to the Fish and Came Commission. Calif Dept. Fish and Game.
Inland Fisheries Division 56 pp. ‘

Mullan, J.W., K.R. Williams, G. Rhodus, T.W. Hillman, and J.D. McIntyre. 1992. Production
and habitat of saimonids in mid-Columbia River mibutary streams. U.S. Fish. Wildl. Serv.
Monograph I: 1-489.

Murphy, G.I. and L. Shapovalov 1950. A preliminary analysis of northern Ca.hforma salmon
and steethead runs. California Fish and Game. 487-507.

Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. Graat,
.F.W. Waknitz, K. Neely, S.T. Lindley, and R_S. Waples. 1998. Status review of chinook
salmon from Washington, Idaho, Oregon, and California. U.S. Dept. Commer., NOAA
Tech. Memo. NMFS-NWFSC-35, 443 p.

National Marine Fisheries Service (NMFS). 1993. Interim policy on artificial propagation of
Pacific salmon under the Endangered Species Act. Federal Register [Docket No. 921 186.
2286, 5 April 1993] 58(63):17573-17576.



=x* Ngt for Distribution *** 92 #** Predecisional ESA Document ***

National Marine Fisheries Service (NMFS). 1994. Listing endangered and threatened species and
designating criticai habitat: [nitiation of status reviews for pink salmon, chum
salmon,chinook salmon, and sea-run chethroat trout populations in Washington, Oregon,
Idaho, and California. Federal Register [ L.D. 081694D, 12 September 1994]
59(175):46808-46810.

National Marine Fisheries Service (NMFS). 1995. Proposed recovery plan for Snake River
Salmon. 364 p. + appendixes. : )

Natural Resources Consultants (NRC). 1996. Artificial propagation of anadromous Pacific
salmonids, 1950 to present. Chinook salmon. Contract report to U.S. Dept Comm.,
NOAA, NMFS, February 1996. Includes electronic database. (Available from
Environmental and Technical Services Division, National Marine Fisheries Service, 525
N.E. Oregon St., Portland, OR 97232.)

National Marine Fisheries Service (NMFS). 1998a. Endangered and threatened species: proposed
endangered status for two chinook salmon ESUs and proposed threatened status for five
chinook salmon ESUs; proposed redefinition, threatened status, and revision of critical
habitat for one chinook salmon ESU; proposed designation of chinook salmon critical
habitat in California, Oregon, Washington, Idaho. Federal Register [Docket No.
980225050-8050-01; 1.D. 022398C] 63(45): 11482-11520.

National Marine Fisheries Service (NMFS). 1998b. Factors contributing to the decline of chinook
salmon: an addendum to the 1996 West Coast steelhead factors for decline report. 74 p.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St. , Suite 500,
Portland, Oregon 97232).

Nehlsen, W., J. E. Williams, and J. A. Lichatowich. 1991. Pacific salmon at the crossroads:
Stocks at risk from California, Oregon, Idaho, and Washington. Fisheries 16(2):4-21.

Nehisen, W. 1995. Historical salmon and steethead runs of the upper Deschutes River and their
environments. 65 p. (Available from Portland General Electric Company, Hydro
Licensing Department, Atten Mary May, IWTCR04, 121 SW Salmon St, Portland OR
97204.)

Nei, M. 1978. Estimation of average heterozygosity and genetic distance from a small number of
individuals. Genetics 89:583-590.

Nicholas, . W., and D. G. Hankin. 1988. Chinook salmon populations in Oregon coastal river
basins: Description of life histories and assessment of recent trends in run strengths.
Oreg. Dep. Fish Wildl,, Fish. Div. Info. Rep., No. 88-1, 359 p.



*xx Not for Distribution *** 93 *** Predecisional ESA Document ***

Nickelson, T. E., J. W. Nichoias, A. M. McGie, R. B. Lindsay, D. L. Bottom, R. J. Kaiser, and S.
E. Jacobs. 1992. Status of anadromous salmonids in Oregon coastal basins. Oreg. Dep.
Fish Wildl., Research and Development Section and Ocean Saimon Management. Unpubl.
manuscr., 83 p. (Available from Oregon Department of Fish and Wildlife, P.O. Box 59,
Portland, OR 97207.)

Nielsen, J.L. 1995. Mitochondrial DNA Frequency Distributions in Chinook Salmon form the
Sacramento-San Joaquin Basin and Guadalupe River 1992-1994. Report to California
Department of Fish and Game.

Nielsen, J.L., M.C. Fountain, D.R. Sundermeyer, E.L. Heine, C.L. Malone, and O.L. Avelino.
1999. Microsatellites Variation in Chinook Salmon Spawning Runs from the Central
Valley, California, 1992-1997. Report to California Department of Fish and Game.

Nielsen, J.L., D. Tupper, and W.K. Thomas. 1994. Mitochondrial DNA polymorphisms in
unique runs of chinook salmon (Oncorhynchus tshawytscha) from the Sacramento-San
Joaquin River basin. Conservation Biology 8(3):832-884.

Northwest Forest Resource Council (NFRC). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by J.F. Palmisano. 7 July 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Olsen, E., P. Pierce, M. McLean, and K. Hatch. 1992. Stock Summary Reports for Columbia
River Anadromous Salmonids Volume I: Oregon. U.S. Dep. Energy., Bonneville Power
Administration. Project No. 88-108. (Available from Bonneville Power Administration,
Division of Fish and Wildlife, Public Information Officer - PJ, P.O. Box 3621, Portland,
OR 97208.)

Olson, D. 1998. Letter from D. Olson (peer reviewer) to G. Griffin (Protected Resources
Division, NMFS Northwest Region) dated 22 June 1998. (Avaﬂablc from Protected
Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Olympic Resources Management (ORM). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by R. Burns. Undated 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.

Omermik, J.M., and A.L. Gallant. 1986. Ecoregions of the Pacific Northwest. U.S. Environ.
Protec. Agen. Rep. EA/600/3-86/033, 39 p.



#x* Not for Distribution *** 94  *** Predecisionai ESA Document ***

Oregon Deparment of Fish and Wwildlife (ODFW). 1993. Oregon salmon and steethead catch
data, 1980-92. Oreg. Dep. Fish Wildl., Fish Div., 22 p. ‘

Oregon Department of Fish and Wildlife (ODFW). 1997. Electronic datda and documents
submitted to ESA administrative record for west coast chinook salmon status review by S
Jacots. September 1997. ]

Oregon Department of Fish and Wildlife (ODFW). 1998a. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by J.W. Greer, 13 October 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500
Portland, OR 97232.) ’

Oregon Department of Fish and Wildlife (ODFW). 1998b. Letter from J.W. Greer (ODFW) to
Robin Waples (Conservation Biology, NWFSC, NMFS) dated 9 September 1998. 3 p. +
attachments. (Available from Protected Resources Division, NMFS, 525 N.E. Oregon St.
Suite 300, Portland, OR 97232.) : ’

Oregon Department of Fish and Wildlife (ODFW). 1999a. Letter from J.Martin (ODFW) to-
Robin Waples (Conservation Biology, NWFSC, NMFS) dated 10 May 1999. 2p. +
attachments. (Available from Protected Resources Division, NMFS, 525 N.E. Oregon St.
Suite 500, Portland, OR 97232.) ’

ODFW. 1999b. Deschutes River fall chinook salmon update. Data submitted for ESA
Administrative Record for update on Snake River Fall-Run Chinook Salmon ESU at co-
managers meeting, June 11, 1999.

Oregon Department of Fish and Wildlife (ODFW). 1999¢. Letter from J.W. Greer (ODFW) to
Robin Waples (Conservation Biology, NWFSC, NMFS) dated 16 June 1999. 5 p.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Pacific Coast Federation of Fisherman’s Associations (PCFFA). 1998. Letter from G.H. Spain
(PCFFA) to Garth Gnffin (Protected Resources Division) dated 30 June 1998. (Available
from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR
97232.) :

Pacific Fishery Management Council (PFMC). 1996. Review of the 1995 ocean salmon fisheries.
Pacific Fishery Management Council, 115 p. + appendixes. (Available from Pacific
Fishery Management Council, 2130 SW Fifth Avenue, Suite 234, Portland, OR $7201.)



*u% Not for Distribution *** 95  *** Predecisional ESA Document ***

Pacific Fishery Management Council (PFMC). 1997. Review of 1996 ocean salmon fisheries.
Pacific Fishery Management Council. 275 p.

Pacific Fishery Management Council (PFMC). 1998. Review of 1997 Ocean Salmon Fisheries.
Pacific Fishery Management Council.

Pacific Fishery Management Council (PFMC). 1999. Review of 1998 Ocean Salmon Fisheries.
Pacific Fishery Management Council. February 1999.

Pacific Gas and Electric Company (PGE). 1998. Letter from T. Morford (PGE) to Protected
Species Division, NMFS, dated 3 June 1998. (Available from Protected Resources
Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Pacific States Marine Fisheries Commission (PSMFC). 1997. Streamnet Microsoft Access
computerized database submitted to the ESA Administrative Record for west coast
chinook salmon status review by D. Anderson. May 1997.

Pacific States Marine Fisheries Commission (PSMFC). 1999. Streamnet Microsoft Access
computerized. June 1999.

Pacific Fishery Management Council (PFMC). 1999. Review of 1998 ocean salmon fisheries.
Pacific Fishery Management Council. 109 p. + appendices. (Available from Pacific
Fishery Management Council, 2130 SW Fifth Avenue, Suite 224, Portland, OR 97201).

Pacific Salmon Commission (PSC). 1994. Pacific Salmon Commission Joint Chinook Technical
Committee 1993 annual report. Pacific Salmon Commission. Report Chinook (94)-1, 121
p- + appendixes.

Pait, Olney. 1999. Letter from O. Patt (CTWSRO) to J. Myers (Northwest Fisheries Science
Center, NMFS) dated 22 June 1999. (Available from Protected Resources Division,
NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Peterson, G.D. 1999. Final report, spawning ground surveys, 1998-1999 season, Mattole River
watershed. BLM Cooperative Agreement 1422-B300-A7-1010, Task Order 002.
Mattole Salmon Group, Petrolia, CA. April 1999.

Preston, L. 1999. Mad River and Freshwater Creek data submitted to the ESA Administrative
Record for Update on Southern Oregon and Northern California Chinook Salmon ESU
(May 24, 1999) by Larry Preston, CDFG.



=*x Nt for Distribution *** 96 *»* Predecisional ESA Document ***

Production Advisory Commuttee (PAC). 1998. Analysis of Klickitat Hatchery fall chinook
straying past Lower Granite Dam developed by a subgroup of the {J,S, v. Qregon
Production Advisory Committee January 26, 1998, 17 pp. (Available from

Professional Resource Organization-Saimon (PRO-Salmon). 1994. Petition for a rule to list nine
Puget Sound salmon populations as threatened or endangered under the Endangered
Species Act and to disignate critical habitat. Unpublished manuscr., 86 p. (Available from
PRO-Salmon, Washington Public Employees Association, 124 10th Ave. S.W., Olympia,
WA 98501

Radford, L. 1996. Cooperative artificial propagation programs for salmon and steethead, 1994-
1995. California Department of Fish and Game Iniand Fisheries Administrative Report
No. 96-2. 18 p.

Radford, L. 1998. Cooperative artificial propagation programs for salmon and steethead, 1996-
1997. California Department of Fish and Game Inland Fisheries Administrative Report
No. 98-5. 20 p.

Reavis, R. 1985. Annual report: Chinook salmon spawning stocks in California’s central valley,
1984. Draft. Calif. Dep. Fish Game, Anadromous Fisheries Branch Administrative
Report, 51 p.

Reynolds, F. L., T. J. Mills, R. Benthin, and A. Low. 1993. Restoring central valley streams: A
plan for action. Calif. Dep. Fish Game, Sacramento, CA, 184 p.

Rivers, C. M. 1963. Rogue River fisheres, volume 1: History and development of the Rogue
River Basin as related to its fishery prior to 1941. Oreg. State Game Comm. Portland,
OR. Unpubl. manuscr., 264 p.

Roelofs, T. and B. Klatte. 1996. Anadromous salmonid escapement and downstream migraitons
studies in Prairie Creek, California, 1995-1996: 1996 Progress Report. Humboldt State
University, Arcata, CA. 18 pp.

Roelofs, T.D. and M.D. Sparkman. 1999. Effects of sediment from the Redwood National Park
bypass project (CALTRANS) on anadromous salmonids n Prairie Creek State Park [995-
1998. Fisheries Department and Humboldt State University Foundation, Humboldt State
University, Arcata, CA. 28 pp.



=x* Not for Distribution *** 97  *** Predecisional ESA Document ***

San Joaquin Tributaries Association and the Merced, Modesto, Oakdale, South San Joaquin and
Turlock Irrigation Districts (SJTA). 1998. Documents submitted to the ESA
Administrative Record for west coast chinook saimon by S.T. Steffen. 30 June 1998.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Shapovalov, L. 1944. Preliminary report on the ﬁshenes of the Russian River System,
California. California Division of Fish and Game Report 44-13. 8 p.

Schiewe, M.-H. 1998. Memorandum from M.H. Schiewe (NWFSC, NMFS) to W. Stelle
(Northwest Region, NMFS) and W. Hogarth (Southwest Region, NMFS) dated 30
October 1998. 8 p. (Available from Protected Resources Division, NMFS, 525 N.E.
Oregon St., Suite 500, Portfand, OR 97232.)

Schreck, C. B., H. W. Li, C. S. Sharpe, K. P. Currens, P. L. Hulett, S. L. Stone, and S. B. Yamada_
1986. Stock identification of Columbia River chinook salmon and steelhead trout. U.S.
Dep. Energy, Bonneville Power Administration. Project No. 83-45, 184 p. (Available
from Bonneville Power Administration, Division of Fish and Wildlife, Public Information
Officer-PJ, P.O. Box 3621, Portland, OR 97208.)

Snyder, J.O. 1908. The fauna of Russian River, California, and it relation to that of the
Sacramento. Science, N.S., XXVII: 269-271.

Snyder, J.O. 1913. The fishes of the streams tributary to Monterey Bay, California. Bull. U.S.
Bur. Fish., 32: 49-72.

Siskiyou Project (SP). 1998. Documents submitted to the ESA Administrative Record for west
coast chinook salmon by R.K. Nawa. 30 June 1998. (Available from Protected Resources
Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Smith River Advisory Council (SRAC). 1998. Letter from J. Waldvogel (SRAC) to C. Wingert
(Protected Resources Division, NMFS) dated 12 June 1998. 2 p. (Available from
Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR
97232.) ’

Snider, B., B. Reavis and S. Hill. 1999. Upper Sacramento River Fall-run Chinook Salmon
Escapement Survey, September - December 1998. California Department of Fish and
Game, Habitat Conservation Division, Water and Aquatic Habitat Conservation Branch,
Stream Evaluation Program. May 1999.22 p. + figures.



=** Not for Distribution *** - 98 *** Dredecisional ESA Document ***

South Coast Coordinating Watershed Council (SCCWC). 1998. Letter from L. La Bonte
(SWCCWC) to W. Stelle (Northwest Region, NMFS) dated 6 May 1998. 1 p. +
attachments. (Availabie from Protected Resources Division, NMFS, 525 N.E. Oregon St
Suite 500, Portiand, OR 97232.) =

State Water Contractors (SWC). 1998. Documents submitted to the ESA Administrative Record
for west coast chinook salmon by E. Gamer. 30 June 1998. (Available from Protected
Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)

Steiner Environmental Consulting (SEC). 1997. Docments submitted to ESA Admin. Record for
west coast chinook salmon by D. Ebert, August 1997.

Stauff 1999. Data submitted to ESA Admin. Record for Update on Southern Oregon/Northern
California Chinook Salmon ESU (May 19, 1999) by Russ Stauff, ODFW, Gold Beach,
OR.

Tehama-Colusa Canal Authority (TCCA). 1988. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by A.R. Bullock. 25 June 1998,
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)

Tuolumne River Preservation Trust (TRPT). 1998. Letter from T. Ramirez (TRPT) to G.
Griffin and C. Wingert (Protected Resources Division, NMFS) dated 30 June 1998. 5p +
attachments. (Available from Protected Resources Division, NMFS, 525 N.E. Oregon St.,
Suite 500, Portland, OR 97232.) -

Turlock Irrigation District and Modesto Irrigation District (TIDMID). 1998. Letter from D.
Olson (peer reviewer) to G. Griffin (Protected Resources Division, NMFS Northwest
Region) dated 29 June 1998. (Available from Protected Resources Division, NMFS, 525
N.E. Oregon St,, Suite 500, Portland, OR 97232)

United States Commission of Fish and Fisheries (USFC). 1876. Correspondence relating to the

San Joaquin River and its fishes. Report of the Commissioner for 1873-4 and 1874-5. Part
XXM, pp. 481-483. -

United States Department of the Interior (USDI). 1998. Letter from W.Taylor (Office of
Environmental Policy and Compliance, U.S. Department of the Interior) to G. Griffin
(Protected Resources Division, NMFS Northwest Region) dated 23 June 1998. 4 p.
(Available from Protected Resources Division, NMFS, 525 N.E. Oregon St., Suite 500,
Portland, OR 97232.)



*x* Nor for Distribution *** 99  *** Predecisional ESA Document ***

U.S. Fish and Wildlife Service (USFWS). 1997. Documents submitted to the ESA
Administrative Record for west coast chinook salmon by D. Finberg, 26 February 1997. 4
p. (Available from Environmental and Technical Services Division, National Marine
Fisheries Service, 525 N.E. Oregon St,, Suite 500, Portland, OR 97232).

U.S. Forest Service (USFS). 1997. Documents submitted to the ESA administrative record for
west coast chinook slamon by M. McCain, 16 September 1997. 19 p.

Utter, F., G. Milner, G. Stahl, and D. Teel. 1989. Genetic population structure of chinook
salmon, Oncorhynchus tshawytscha, in the Pacific Northwest. U.S. National Marine
Fisheries Service Fishery Bulletin 87:239-264.

Utter, F. 1998. Letter from F. Utter (peer reviewer) to G. Griffin (Protected Resources Division,
NMFS Northwest Region) dated 22 June 1998. [ p. + attachments. (Available from
Protected Resources Division, NMFS, 325 N.E. Oregon St., Suite 500, Portland, OR
97232.)

Van Cleve, R. 1945. A preliminary report on the fishery resources of California in relation to the
Central Valley Project. California Fish and Game. 31:33-52.

Waldvogel,D. 1997. Documents submitted to ESA Admin. Record for west coast chinook
9/16/917. '

Waldvogel, D. 1999. Documents submitted to ESA Admin. Record for update on west coast
chinook 6/7/99.

Waples, R. S., J. Robert, P. Jones, B. R. Beckman, and G. A. Swan. 1991. Status review for
Snake River fall chinook salmon. U.S. Dep. of Commerce. NOAA Tech. Memo. NMFS
F/NWC-201, 73 p. (Available from National Marine Fisheries Service, Northwest
Fisheries Science Center, Coastal Zone and Estuarine Studies Division, 2725 Montlake
Bivd. E., Smtﬂe, WA 98112-2097.)

Washington Department of Fish and Wildlife (WDFW). 1997. Documents submitted to the ESA
administrative record for west coast chinook satmon by R. Brix, 18 September 1997,

Washington Department of Fish and Wildlife (WDFW). 1998. Letter from C. Smith (WDFW) to
R. Waples (Northwest Fisheries Science Center, NMFS) dated 13 July 1998. 11 p. +
attachments. (Available from Protected Resources Division, NMFS, 525 N.E. Oregon St.,
Suite 500, Portland, OR 97232.)



»»*x Nt for Distribution *** 100 *** Predecisional ESA Document ***

Washington Department of Fish and Wildlife (WDFW). 1999. Letter from B. Crawford (WDFW)
to R. Waples (Northwest Fisheries Science Center, NMFS) dated 11 May 1999. 2 p. +
attachments. (Available from Protected Resources Division, NMFS, 525 N.E. Oregon St.,
Suite 500, Portland, OR 97232.)

Washington Department of Fisheries (WDF), Washington Department of Wildlife (WDW), and
Western Washington Treaty Indian Tribes (WWTIT). 1993. 1992 Washington State
salmon and steeihead stock inventory (SASSI). Wash. Dep. Fish Wildl. Olympia 212 p.
and 5 regional volumes. (Available from Washington Department of Fish and Wildlife,
600 Capitol Way N., Olympia, WA 98501-1091.)

Yoshiyama, R.M., E.R. Gerstung, F.W. Fisher, P.B. Moyle. 1996. Historical and present
distribution of chinook salmon in the Central Valley Drainage of California. Sierra Nevada
Ecosystem Project: Final report to Congress, vol. III. p 309-361.

Yurok Tribal Fisheries Program (YTFP). 1997. Documents submitted to the ESA administrative
record for west coast chinook salmon by Yurok Tribal Fisheries Program, 31 January,
1997. 27 p.

Yurok Tribe (YT). 1999. Letter from T. Fletcher to R. Waples (Northwest Fisheries Science
Center, NMFS) dated 18 June 1999. 3 p. + attachments. (Available from Protected
Resources Division, NMFS, 525 N.E. Oregon St., Suite 500, Portland, OR 97232.)



*xx Not for Distribution *** 101  *** Predecisional ESA Document ***

APPENDIX A,



A-l

e6661 DD 1°01- I'e- 26 JURD  R6-TS6I feanmn LT DKW
B6661 DD S SR 41 4 NSOISUS T6-€9h1 (LILILING LB 1D adopajuy
L6l DD 961 I'E FBS'SP DM'SD  86-9161 XN w| 1) 9neg
®6661 DD £ 528 SIDY  T6-E561 ramnpy LY] 1) paomun)iary
6661 041D L'FI 61 6t's JUDS  R6-1561 (LUGLIN] vl 1D re3n
26661 DAQD 1 0T JS'SH'OU 9L-€$61 (LILIN] v 0 g
#6661 DAAD Th- LIE'L DUDS'SD PR-CS6T (LT LA 0 M)
siajsuen
6661 DMID 'S661 10T P 30 B LSLR SO0 86-1961 POXIN WM EAND 4+ JeAp-t)
P6661 DHID AN 11 SODA 86161 d Py R e Ajuo aaps-ug
6661 1713 13pIng ‘rea61 DIAD  £8- 't~ SIS'PT SO 'Ol RG6-L961 PN vy Ay sroqy
L7 I b
d Ajreg ojuaurRINEg
uny-|)vg AajuA |sa3us)
(sqmn
Yy
X nsdg utnbuof wreg
X ngudg o ud
X ngalg A pro)dow
X ngpdg Y werpwy
4 f dg o wqng
v6661 DD ‘8661 DIA3 L€ Lt oS aL 26-bS6F M dg o Jaymay
194 9 1
B6661 D410 'B661 040D LT L- W0E'T  DU'SINS Bo-Ss61 ramnN dg 1 anng
6661 DIAD ‘8661 DIAD 0L LUt 1l DLNSDS R6-9561  d dg 1D mu) g
JU'NS
v6661 DACD ‘8661 DI 061 9T 508 WIS OM 86-0b61  d rmieN dg 0 mq
*6561 DIAD 8661 DIQD  L'L- Bt 9tt D0°0ADS 86-LE6l LIGELISE dg 1DIMAN
6661 D310 ‘8661 D100 (A s NS'OS'IS 86-€561 jrimnn ds 1) sdojarny
*6661 DA 8661 DIAD 09- 65T DMDWDIS L6-9F61 PAXIN dg 1D 2neg
v6661 DA 9661 DD 0T BE- COE YIS0 8671561 IrimnN .
"e6104a  0T€  11- 16 o4 8671961 d u__mmey  ds OruauiNg
. uny-Bupsds Kajje A jeapua)
SIIVINIYIY B1EQ  gWIA) A3 gumIW mu._h_ rieq saway pid A qa D 0 Vv ghonnpoelg quny ujseq-qng useg A
-Hoyg  -3u0t NNU0IN LILN|
mIn-s
Epoad FIuepuAGR 111333y gSArewuns snjelg nsa

“Y201§/19A1Y PUR (1§T AQq ‘PAISPISUOI BIEP 2DUBPUNQE UOWIES YOOUIYD jO LIeWwng Y xipuaddy

e et =



6661 INAD ‘R661 DNIA To+ L If 86-9961 N el 1 moxdg
. il L ¥ Jamo
661 DD 1T Lo 06 11 26-9¥61
2661005 ThE- 0 ) 8D 96-0861
95661 .
HAND “L661 D38 ‘L6681 DANSd +'6- 1o+ 9¢ aoa R6-LEAE  d 2 LA Hirdd
6661 uoisaig §6t- M 06-¢861 jrrmnN LA 1D Riemysal]
Aeq
d A\ Lt sauemqul  Ipjoquungy
6661 YOIS23] “L661 IWAd L6 6t Id 86-¥961 femmN LT 15 vous)
6661 UO1S21q *LA61
D:119Sd 5661 1Y pre 3 00t 0'g- as R6-C861 PN "l Yo yuoN
£661 1107 pe 3 Lot (14} a4 +9-8€61 d JO I 1 | LE H PR
66T UNSIAPUY '8661 UDSIOPUY 0ng- 8D L6°9661 inN v
6661 UOSIOPUY ‘3661 UosIdpuy LIL M £6-9661 [meN LT 10 vap 5o
6661 tewypedg
¥ spojoy ‘L661 $Jo10y
o W AErN o661 el P yopoy 10 S0 86-$661 JesnieN '
A_n. 6661 tmuyyrdeg
P spopay 'L661 SJojI0Y
® NN ‘9661 MW 7 jojoy Fee o 26-C661 RN LA
6661 trruryysdeg
P SHOPOY (661 SYolr0y
P 2T 9661 el ¥ s)o1r0y ¥IL M 865661 [rininN "4 13 3mmy
d 0 ey L ¥ o mr]
d D 6 |eanjeN LA} 17 poompay
I¥IS¥0]) BjuLOpI|u])
rees1 040D 61T P9 IRl SO 86k561 fremnN " b rasien
e6e61 OM1D FHT $r MTT 50 R6-1661 [N ”.._ L] m o n___a..m.
r6661 D100 (A T (24 ] S) f6+1S61 d ey a.._ yu_:.::_.mxaz
re6sl 000 O'IF 90 06L'C SO0 8671561 d “““"“u .,.h zz sauwNseD)
6661 DAAD L' 3 ¢4 80 g83-¢s61 d 2 5 y
! f | umbro[ ueg
es661 D400 €81 LT Hgol §2°00  B6-TS61 2 _““”"”u “h S : f
w66l DIAD VOT 91 6061 s2 86-7561 d ".:_:a.z by reans
26661 04D 1HI 61 16760 30 aa”nmm_. M__ oo n o U
ee66t D40D  OF m.__.. ,M. Mwm 1 Ba_‘w J ”M-MS_ iy ny 1y 1a5q]
6661 D300 3 N -qn uiseq] MY
SIMIPY wR( gWIR] UL gl nuaa. Geq $MIA pid  F a D 6 Vv gzuonanperg quny viswq-qng
-pog  -3uo'y PN L Lt
: JRIA-S ‘
fpual} gTUBIUNS STEIS nsy

e —— —



anFoy/msqo

6661 J1nNg ' 6Ll mld 86-S661 jrneN LA un dumy yinog
G661 UMS POl e A 86-TLHL ey n nsqor sadidpy
6661 1netg 1°EL- L od 86-S961 JeanieN el wnpj wig
PERSE MAUD  OE €L ngt'ng v 96-LL61 paNIN LA _
6661 MAAO [ 't 96L9T s B6-LL61 praw LR |
R6E61 MAOD  Hh- ¢ 8RI'Ls fold] 86-LL6I pavIpy
e6661 MAQO  RO1- ol- EIR'ES 139 R6-LLGY |rmieN 7|
6661 MAUO
‘6661 DNID 'SE6T INTMN IR T6- 61-  ROLL oa 86-TH61 PN
£661 MAGO
‘RY61 ML) pue sefoyaly 90t oV 6-%96 1 d rinieN dg o anfoy
6661 1ne1s C0F Eor atldd 86-6861 puninpg LY | puagt dreyg
6661 s RZI- RTI- wld 868861 ey LH Yiog mpay rddpy
6661 ™IS "L661 DINSd
‘L661 MIQO 's661 "1D°1pueag 8- e od 86-9861 d a Y JeInEN e Jadd(y 1) png
1%15%0)) wjulofjjuy vasysoN/modIg UiayInog
o Anypomy
- yst| AormA
sofo)
26661 DAND £ 2l R6-T661 ~ Arye) |
sfRupdg
unm A
6661 DAAD 1'81- 9'¢ RT ol 86-0861 J v —Anpef] wy A umssny
6661 UOTINIY ro o 86-1661 JeimeN ”.._m
6661 v0513194 00l- S 86-+661 [eImeN :
“g- - v v jneN v W Aonnpy
6661 VOSINIY [43 a8 86-661 ..“ 3 u Y se3§)
26661 DAND L I 86-9861 LALL| LE| 0 u_____.M,.,
26661 DIAD 6€l- Id 86-L861 femieN . uy o ) “u.az
2 60 Id 86-L861 [saney el 10 Ad|IeA Suo
26661 AN by I 260861 jeanmy LT 1 PHpPARg 1D RN
6661 DAUD m. , R |ranyen LA Yo g yinog
S661 107 e g ) oo ot M SL-§E61 o i, poompay
36661 DIAD 006 EAR £6-L861 _a_..._z o 1 3321 mONON]
26661 DA1D 661" | T AT (14 AL 86-L961 ImmeN ;
6661 DAAD
‘RO61 SIITI) LA6T DANSd ey "y yywoy
. 145668 101 pue A AT 8 R 3 SO R6)961 | - 5
LA81 oA awwﬂwhwu_h .:M_M guag w3 guram nu._.: mEq sy pid A a 2 g VvV gwmanpord uny ujseq-qng ujsey] 1Ay
oy -3uory AAPWNIN neQq
1837-C s3
§puaiy FyuBpuUNGE j1rIIIY S InunIns sN)EIg 7




A4

f661 Unms
6661 M

6661 g
6661 Mg
6661 LIS
6661 LIS
6661 yrmig
6661 ynmg
6661 yneig
6661 yneig
6661 Preig

6661 eI
6661 IS
6651 oIS
6661 JneIg
6661 Yreig
6661 pnmsg
6661 Y
6661 UrmIS
6661 yng
6661 Ynng

6661 yne1g
6661 NeIS
6661 RIS
6661 "M5
6661 Une1§
6661 11§
6661 Hnels
6661 Jynels
6661 Jineis
6661 Jns

GAATIINOIS

6661 I0MS
s3dMAIAIY My

d

tid

a
[

a

a

1-it 1
a

n-u H
H

-1 "
a

a a DI

1 v

LT mhd R6-5661

9o 7 ald  RG-986I
r - ot mld £6-9861
TeL ald R6-S661

¢t ald 96-6861

06 06 atlet 86-6861
(A4} 61 Id 86-¥961
o'r- 0t wld 866861
R 6 mid 86-9861
b1 LA mld 86-6861
L el ald B46-9R61
rel ald R6-6RGI

To 0 aldd B6-1L61
00 oehd L6-p661

9'82- ald 86-5661

$9 mld L6-b661

1'8¢ 1'8¢ mld 866861
65T (41 : old 86-0961
6¢1- wled 86661

1’09 109 mld 86-6R861
667 6'67 fd 86-L861
€1e 1219 ald 86-6361
9L vbl- oild 86-9861
(A o8- ald 86-£961
Rl arld 86-S661
80T ald 86-5661

guaaL  gan guwew Ky ving  e1way

11048 -Juary NIPW0 neq

Imap-S
Spuaig, FFuRpunge JuIIIY

ﬂnu_.—-_-—_ NS SHug

[LIBLIN]
[LILILIN]

[RLLTL N
[LAGILIN
JramepN
ey
jrangeN
ey
[ermupy
LB LN
(LB LN

[LELIN]
LN
jRameN
feImepN
[Ranjnp
s
[LALILIN
mmny
famny
feImeEN

fermeN
feInteN
jeanteN

[eameN

ILER LN
guetnpoay

nl
nl

i

2]
i
v
dg
LY
e
2dq
u

LA
juny

D

AIng Jo ¢ 1oddny
D AN e gy
AN

Yo 15e)

1D Py saddn
1D Bppym

1) seoq) saddpy
10 1804

¥ 09D AN

1 pyred

1D nos|im
DI

10 wowp saddny

1D Ay g
sfaeg-z)uny
Mog yinog saddpn
o4 yinog

1 doagy saddy
1y daag

sy

48 2

raddpy

Y swladdy
o stomiil

1addn

APMW

Mo

s1puneg

B)SO)) BISRYS
ruwEsong)
onBoysqoy
o) 1w saddpy
andoy

/321507 | W0,{ YInog
ussq-qng

o Yonipur g

H 0D

W sl

Lot
munit

ujseg 134y

nsi

e s a8 e e+



d e o Ae¢p uyor
L uns-jpug saapy aqeug
deyp,
s|iu,] sreyg
6661 OUSMID £t 9¢- a1 86-LL6] rmeN .
s[B, sy g
Mo[aq Sppay
AE6T OUSM 1D 9661 Arvag €6 ol o)) R&-TLAI rmeN
g srenyg
Inoqe sppay
6661 OUSMLD '9661 Ao 9t- 801~ N 26-TL61 HLIDTLN]
Sppas o} '
9661 K131 ‘6661 DINAS LAY [ o} | R6-TLGI qummN wy
RLE
SIIMG PANGR
a6 M0 L8 9F 6SKT Al 86-LL6I LIS
6661 OUSMID "6661 JWASd 081 eF LLE'9L 7 R6-LL6A] jeanEN g
" den voynyg
N 666T IINIS ‘9661 Kmag £9- 6'\- 18 o1k LG-LSKI d N vy
£661 DJNSd 'S661 1D T pue 3g 9 8 oL 06-L561 paajosaiuf]  ng Y SAnyasa(]
nnA-uy JRAIY S3)nYIsaq
§661 DIAN oS [4) IS'OW'SD +6-7861 FLILILIN vl g
6661 32D "LEGT JILA Lyl e NS 86-8861 rneN o 1D g
d g o FLTLTLTY] e} SIUBINGIY JIMO'| Y Ylewrm)y
6661 Premel] ‘§661 premon| 1 o 114 DS'NS  36-£66! jraneN w1 1 R0y
6661 premoiy SL- o 86-¥661
6661 PrEMCL] ‘8661 premor] Lt [41] IS NS 86-£661 |rImEN ul 1D TN 104 158y
6661 PRMOL] 9 o H| R6-¥64) .
6661 PTEMOL] '366F PrRMO| b8 e DS NS 86-€661 femieN el THIN GOURIEL 1SIM,
L661 M1Q1Y 7§ pRMol £0T amm L6661 [eameN LE |
' aBoapjep !
awa,.__.z_wo..m._m_ma_ 4&4&.."@&_ €9 00+ a8 86-0861 PXIN MH_ .ohn_v -___._,2
6661 U2PIOH “L66Y SASN 9t a5 86-7661 d nm w_a ._u | .Z
6661 VOPIOIL'L661 SISN L9 L9- o 1 g6-1661 d _w 3 u.“._ ___.._.,zﬂ
6661 UDIMT L66T SASN '+t 1°¢1 a5 f6-1661 q “.n_" A0 yjinog
! v ¥ dg H g
SN BiEQ  gIII) WA guENE muq_.s LI L ZLE) GO B | a D f Vv guomnpoig juny uiseq-qng wiseq] JIATY
-poyg  -3uor] Inamnar) wieq
_ Jwap-g
spuaiy, JWpOAGE JUIIIY ¢S IRuIInS SMyE)g asd




p

L661 DAWSH
S661 107 puv ga

C661 1O1 P 51
S661 10T Aq

R661 g 1661
DANS SERI 19Y T Pre 4

6661 ‘1812 70D
6561 1% 1> wiorRD)
6661 ‘T 12 B1a1RD)

L661 DINSA ‘S66) TOT e 30

6661 1" 13 w3180)
6661 19 12 #omD
€461 1D P 1]
6661 12 12 B2

6661 T 13 W3Ry

6661 'T¢ 12 2Dy

1861 vurofg ¥ Suian

6661 LYYQ 'L661

DANSA 'S661 10T PUs I8
6661 DNAd 'LESE

MACTM 'S661 1DTPUY 3G

(=R ENETES ST ]

e

68 o 96-6961 d frmmN dg H Aemiag [
LR XA o o L] 16-L961 d paxiN dg  wsyn0T] [
d dg Aoy | w1500y 4
| dg memes|) IS 1
o dg  Aaymmp| yeysiomq i
d dg 219]BMIBI[) 29M0T) i
91T 91T o F6-8861 yraneN i
9L 1+ oy TL-ZSHI X ey it ) 2
X ng o IMEmmaD H Axeug i
fri it [4}3 aa LG-ER6L X ranmeN i o gjinruin 1
SSHONIPUOD PHUIUROARD NOGD NONDULIOfuE dp1acad SPUn 3sOuM 1IN] £1CT WRE-PD.J 1941y DYBRS ) jou 2412 nys suopyndod jouoippy
or or N 86-7661 (e v y uowieg
vl (A o R6-LB6T [ranmN L% Y sy
LA (A% N 86-9861 [BamBN Lt} W pucy apuein
o
r6l- b oL 96-6961 [ermaN dg paxeo1) Y Esyoy
0 o 86-7661 e LA mEMIEy 4S
Ll o4 86-7661 rmeN L PIMEMI T AN
9'LT o1 TL-TS61 [reN LE|
65T 6§ ‘ o 86-3R61 esninN LA} I9reMmal)
wegy
uokunyy S1941
¥ LY Ja0qE Y MMUS
urag] auueIn)
A ] o)) 26-1661 feintepN Mol jo F_do._an-_:
ursq)
uokue) 31911
of ([ MNuBID
ey 96 4 86-9861 jeinieN 13m0 JO PeIH
(4% 8zL'l od 08-0k61
(34| BE HFT 20 865160 PPN
a
Lel Lo s9§ L 86-5L61 MN v ey " " ..%__m
X L PlIM BIEM
gu1d), g uaay  gueawm gdhymirg sawax 434 4 a4 O 8 v uonanpos (uny ujsug-qng useg JIAN
Mo -Juop HNM0IN weQ
e3In-§
HTETN g ¢FILINUIINS SN)¥)S ns3




'sAaang sotmedg musiajddng appiim pue ysiyg jo wampmdag uodai0y))
‘sKaaing soumedg piping 351pHA Pom ystyg Jo usedaq) vodn(y,
paron su 1dadxd ‘g6-gg6 1 pontad oy Funnp simal | y-£ wa3a1 150U J0) PAIRNDIRY (PUILL WISI1-LOYS )
"0SG 1 190 pPMID|03 wEp (|8 10) paenagR;) ((una)-Juor]) puss ), L
(T6-8861 = y2ma 12i8um papumdxzp) -uraw apnawma® juswadeasa Furmnds aepnajes o) pasn winp jo s1maL ¢ 1323) SO g
FIUNOD MNDS TG U0 1M M InoD s aal] mor g, H(ad K venanpoad paxiw
my Ajue paesdeasa Lagater) soprpn ) iesadessa paprmsa oy S mmos dun 3 SINNOD SpYI0NS NG LSNP SIS SIS (SIN03 pumeds g (paigiied sK9ams)
apiw sad Sppas O AP Iad SPPAL PN SInes apog BUNSag EIy Tiimoes ppas <y Hunos ppas yead Yy s DA XapNE 20 Yol [ PIUGUIOD SAIAINS YSIF SAL XapU) S0
yrad ') tmo) xapuy * Ly Suamsdensa Qagm pantgss o) oo and ysu gy unnd wap ‘¢ 'ssmom g0y Hza-RR&T) papundxs yams saflun ‘Y apo)) ad4 [, meq) ¢
- ‘wonnad ap
i pun R e jo ped s papngdng SE YIRS 2R SOSMpPNAIN] CCGAT AITNNRY | § PP BORNAG RAARKY PUE )Y EIC T PIPNEINE SIS (], A0) saeapu) L smms vonno,g v
(spndmy wmong inoypm papadxs speasd seSpIng) oA PUT PIRR-2I0 UM 3duRprnge) §q 24077 Kpeny -
(sndur] urumy Jo SUDSGY M) UL PUNOY aq pInom S1 a3 se spiii-om) 15831 1 3aumpunan) | A3 ] Lyijeay *|-§|
' (9661) 1" 12 voyfunung--3
Mo 'y g ) tpassaadap fq) Ageny typ o csmng
"PIAJOSIIUN ‘- UMOUNUN 7] PAININD Y aUsoduiod 1 pHM ‘A (uOIONPOL]
‘SIGLN puB 21)S £ PIAJOSINM - 'UMOUNUN ‘(] IIANRU-UON Y pIx W faaneu ‘N :mBLO
“1ap10 ey ug 'snims pue ad&y vononpoid ‘wiiio yools asaidas sadeeyd 2am L (£661) 1712 Jam--Q
‘uns sjqupEA ‘|ewg ‘¢ 'sAens Kioyaing) ‘7 tuoneindoed sinepa v oq jou Lep *|
‘umouyun ‘r) ‘1190u0d [uioads g ipassaudap ‘g AWy ‘H
(Z661) '12 13 WOSIPYIAN-D
“UIIIU0D JO HI0IS ') SUONIULIXD JO YSIT ARIIPOW *F TUOHIIHIND JO YS1S Yy 'y
(z661) 1r 13 swddi--g
W03 [7192ds ') 1YSI13 UOYIUNXS ANLIIPOW ‘F DYSH uUONOUNXI ydiy ‘v nunx Lgissed 4y tioumxa ‘X {sn) pandurpus ‘g
(E661) 12 13 UASIYIN--Y
s301n08 RMO[]0] 2Y) WOIJ SILALIUNS SN ¢
{ama13)21 wimp Aq paviadaz ) uciInposy z
(aaunangay myep £q papodan e} aopnm - 14 sms - ng Sniads - dg gy - v csuonruRisop Fuium vny i
(SYAMS PALIONSI O dANEIUAsHIddE 10U 218 SYI0IS IHILIND Je PI|SIAIEM D) 11 yasoad AJjedu1orsiy 10U 2504 HOWRS YOOUN|3) ANSS] Y ur JON

SALON

e e tmr o e————





