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DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric
Administration

50 CFR Parts 222, 226, and 227

[Docket No. 980225050-8050-01; I.D.
022398C]

RIN 0648—-AK65

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

AGENCY: National Marine Fisheries
Service (NMFS), National Oceanic and
Atmospheric Administration (NOAA),
Commerce.

ACTION: Proposed rule; proposed
redefinition; proposed designation and
revision of critical habitat; request for
comments.

SUMMARY: NMFS completed a
comprehensive status review of west
coast chinook salmon (Oncorhynchus
tshawytscha, or O. tshawytscha)
populations in Washington, Oregon,
Idaho, and California in response to
petitions filed to list chinook salmon
under the Endangered Species Act
(ESA). Based on this review, NMFS
identified a total of 15 Evolutionarily
Significant Units (ESUs) of chinook
salmon within this range, including two
Snake River ESUs already listed under
the ESA, one previously identified ESU
(mid-Columbia River summer/fall run)
for which no listing was proposed, and
one population (Sacramento River
winter run) that was listed as a *‘distinct
population segment” prior to the
formulation of the NMFS ESU policy.
With respect to the 12 ESUs that are the
subject of this proposed rule, NMFS has
concluded that two ESUs are at risk of
extinction and five ESUs are at risk of
becoming endangered in the foreseeable
future. NMFS also concluded that one
currently listed ESU should be
redefined to include additional chinook
salmon populations and that this
redefined ESU is at risk of becoming
endangered in the foreseeable future.
NMES also concluded that four ESUs
are not at risk of extinction nor at risk
of becoming endangered in the
foreseeable future. Finally, NMFS also
renamed the previously identified Mid-
Columbia River summer/fall-run ESU as
the Upper Columbia River summer/fall-
run ESU.

NMFS is now issuing a proposed rule
to list two ESUs as endangered, five
ESUs as threatened, and to redefine one
currently listed ESU to include
additional chinook populations, under
the ESA. The endangered chinook
salmon are located in California (Central
Valley spring-run ESU) and Washington
(Upper Columbia River spring-run ESU).
The threatened chinook salmon are
dispersed throughout California,
Oregon, and Washington. They include
the California Central Valley fall-run
ESU, the Southern Oregon and
California Coastal ESU, the Puget Sound
ESU, the Lower Columbia River ESU,
and the Upper Willamette River ESU.
NMFS also proposes to redefine the
Snake River fall-run chinook salmon
ESU to include fall chinook salmon
populations in the Deschutes River, and
proposes to list this redefined ESU as a
threatened species. This proposal does
not affect the current definition and
threatened status of the listed Snake
River fall chinook salmon ESU.

In each ESU identified as threatened
or endangered, only naturally spawned,
non-introduced chinook salmon are
proposed for listing. Prior to the final
listing determinations, NMFS will
examine the relationship between
hatchery and natural populations of
chinook salmon in these ESUs and
assess whether any hatchery
populations are essential for the
recovery of the natural populations and
thus will be listed.

NMFS is proposing to designate
critical habitat for the chinook salmon
ESUs newly proposed for listing within
this notice, and for the Snake River fall-
run ESU, proposing to revise its existing
critical habitat. At this time, proposed
critical habitat for these ESUs is the
species’ current freshwater and
estuarine range, certain marine areas,
and includes all waterways, substrate,
and adjacent riparian zones below
longstanding, impassible, natural
barriers.

NMFS is requesting public comments
on the issues pertaining to this proposed
rule. NMFS is also requesting
suggestions and comments on integrated
local/state/tribal/Federal conservation
measures that will achieve the purposes
of the ESA to recover the health of
chinook salmon populations and the
ecosystems upon which they depend.
Should the proposed listing be made
final, NMFS will adopt protective
regulations and a recovery plan under
the ESA.

DATES: Comments must be received by
June 8, 1998. NMFS will announce the
dates and locations of public hearings in
Washington, Oregon, Idaho, and

California in a forthcoming Federal
Register notice. Requests for additional
public hearings must be received by
April 23, 1998.

ADDRESSES: Comments on this proposed
rule, requests for reference materials,
and requests for public hearings should
be sent to Chief, Protected Species
Division, NMFS, 525 NE Oregon Street,
Suite 500, Portland, OR 97232-2737.
FOR FURTHER INFORMATION CONTACT:
Garth Griffin, 503—231-2005, Craig
Wingert, 562—-980-4021, or Joe Blum,
301-713-1401.

SUPPLEMENTARY INFORMATION:

Previous Federal ESA Actions Related
to West Coast Chinook

West Coast chinook salmon have been
the subject of many Federal ESA
actions. In November 1985, NMFS
received a petition to list Sacramento
River winter-run chinook salmon from
the American Fisheries Society (AFS).
NMFS determined that the petitioned
action might be warranted and
announced it would conduct a review of
the run’s status (51 FR 5391, February
13, 1986). In its status review, NMFS
determined that Sacramento River
winter-run chinook salmon was a
“species’ for the purposes of the ESA,
but based upon the conservation and
restoration efforts by California and
other Federal resource agencies,
declined to list the winter-run chinook
at that time (52 FR 6041, February 27,
1987). Subsequent low returns
prompted NMFS to adopt an emergency
rule listing Sacramento River winter-run
chinook salmon as a threatened species
under the ESA (54 FR 10260, August 4,
1989). NMFS then issued a proposed
rule to list Sacramento River winter-run
chinook as a threatened species under
the ESA (55 FR 102260, March 20,
1990), and also published a second
emergency rule listing the winter-run
chinook as threatened to avoid any
lapse in ESA protections while
considering the proposed rule (55 FR
12191, April 2, 1990). On November 5,
1990, NMFS completed its listing
determination for Sacramento River
winter-run chinook, and published a
final rule listing the run as a threatened
species under the ESA (55 FR 46515).

In June 1991, AFS petitioned NMFS
to reclassify the winter-run as an
endangered species. Based on the
information submitted by AFS, and after
reviewing all other available data,
NMFS determined that the petitioned
action may be warranted, and
announced its intention to review the
status of the winter-run chinook (56 FR
58986, November 7, 1991), and then
published a proposed rule to reclassify
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winter-run chinook salmon as
endangered under the ESA (57 FR
27416, June 19, 1992). Critical habitat
for Sacramento winter-run chinook
salmon was designated on June 16, 1993
(58 FR 33212). After several extensions
of the listing determination and the
comment period, NMFS finalized its
proposed rule and re-classified the
winter-run chinook as an endangered
species under the ESA (59 FR 440,
January 4, 1994).

While NMFS was reviewing and
reclassifying the status of Sacramento
River chinook, NMFS also received a
petition from Oregon Trout and five co-
petitioners on June 7, 1990, to list Snake
River spring/summer and fall chinook
salmon as threatened species under the
ESA. On September 11, 1990, NMFS
determined that the petition presented
substantial scientific information
indicating that the proposed action may
be warranted, and initiated a status
review (55 FR 37342). NMFS published
a proposed rule listing two Snake River
chinook salmon runs as threatened
under the ESA on June 27, 1991 (56 FR
29542 and 56 FR 29547). NMFS
finalized its rule listing these Snake
River chinook salmon runs as
threatened species on April 22, 1992 (57
FR 14653).

Meanwhile, on June 3, 1993,
American Rivers and 10 other
organizations petitioned NMFS to add
Mid-Columbia River summer chinook
salmon to the list of endangered species.
NMFS determined that this petition
presented substantial scientific
information indicating that the
petitioned action may be warranted, and
initiated a status review (58 FR 46944,
September 3, 1993). Subsequently,
NMFS determined that mid-Columbia
River summer chinook salmon did not
qualify as an ESU, and therefore was not
a “‘distinct population segment” under
the ESA (59 FR 48855, September 23,
1994). However, NMFS determined that
mid-Columbia River summer chinook
salmon were part of a larger ESU that
included all late-run (summer and fall)
Columbia River chinook salmon
between McNary and Chief Joseph
dams. NMFS also concluded that this
ESU did not warrant listing as a
threatened or endangered species (59 FR
48855, September 23, 1994).

Immediately prior to that
determination, NMFS determined that a
petition filed on March 14, 1994, by
Professional Resources Organization-
Salmon (PRO-Salmon) to list various
populations of chinook salmon in
Washington contained substantial
scientific information indicating that the
petitioned action may be warranted (59
FR 46808, September 12, 1994). NMFS

then announced that it would
commence a coast-wide status review of
all west coast chinook salmon (59 FR
46808). Shortly after initiating this
comprehensive coast wide status review
for chinook and other salmon species,
NMFS received a petition from Oregon
Natural Resource Council and Dr.
Richard Nawa on February 1, 1995, to
list chinook salmon throughout its
range. NMFS determined that this
petition contained substantial scientific
information indicating that the
petitioned action may be warranted, and
reconfirmed its intention to conduct a
comprehensive coast wide status review
of west coast chinook salmon (60 FR
30263, June 8, 1995).

In the intervening period between the
two most recent petitions to list various
populations of west coast chinook
salmon, NMFS published an emergency
rule on August 18, 1994 (59 FR 42529)
after determining that the status of
Snake River spring/summer-run and
Snake River fall-run chinook salmon
warranted reclassification as
endangered, based on projected declines
and low abundance levels of adult
chinook salmon. Because emergency
rules under the ESA have a maximum
duration of 240 days (see 16 U.S.C.
1533(b)(7) and 50 CFR §424.20(a)),
NMFS published a proposed rule
reclassifying listed Snake River spring/
summer-run and Snake River fall-run
chinook salmon ESUs as endangered on
December 28, 1994 (59 FR 66784). Since
publishing that proposed rule, a
congressional moratorium on listing
activities, a large ESA listing
determination backlog and other delays
prevented NMFS from completing its
assessment of the proposed rule. During
this period, abundance of both stocks of
Snake River chinook salmon has
increased. Based on these increases,
along with improved management
activities affecting these chinook
salmon, NMFS concluded that the risks
facing these chinook salmon ESUs are
lower than they were at the time of the
proposed rule, and thus NMFS
withdrew the proposed reclassification
(63 FR 1807, January 12, 1998).

During the coast wide chinook salmon
status review initiated in September,
1994, NMFS assessed the best available
scientific and commercial data,
including technical information from
Pacific Salmon Biological Technical
Committees (PSBTCs) and interested
parties in Washington, Oregon, ldaho,
and California. The PSBTCs consisted
primarily of scientists (from Federal,
state, and local resource agencies,
Indian tribes, industries, universities,
professional societies, and public
interest groups) possessing technical

expertise relevant to chinook salmon
and their habitats.

A NMFS Biological Review Team,
composed of scientists from NMFS’
Northwest and Southwest Fisheries
Science Centers, NMFS’ Northwest and
Southwest Regional Offices, as well as
a representative of the National
Biological Service, completed a coast
wide status review for chinook salmon
[Memorandum to W. Stelle and W.
Hogarth from M. Schiewe, December 18,
1997, Chinook Salmon Status Review
Report]. The review (summary follows)
evaluates the status of 15 chinook
salmon ESUs in the four states. The
complete results of NMFS’ status review
for chinook salmon populations will be
published in a forthcoming NOAA
Technical Memorandum (Myers et al.,
1998).

Chinook Salmon Life History and
Ecology

Chinook salmon (O. tshawytscha) are
easily distinguished from other
Oncorhynchus species by their large
size. Adults weighing over 120 pounds
have been caught in North American
waters. Chinook salmon are very similar
to coho salmon (O. kisutch) in
appearance while at sea (blue-green
back with silver flanks), except for their
large size, small black spots on both
lobes of the tail, and black pigment
along the base of the teeth. Chinook
salmon are anadromous and
semelparous. This means that as adults,
they migrate from a marine environment
into the fresh water streams and rivers
of their birth (anadromous) where they
spawn and die (semelparous). Adult
female chinook will prepare a spawning
bed, called a redd, in a stream area with
suitable gravel composition, water
depth and velocity. Redds will vary
widely in size and in location within
the stream or river. The adult female
chinook may deposit eggs in4to 5
“nesting pockets” within a single redd.
After laying eggs in a redd, adult
chinook will guard the redd from 4 to
25 days before dying. Chinook salmon
eggs will hatch, depending upon water
temperatures, between 90 to 150 days
after deposition. Stream flow, gravel
quality, and silt load all significantly
influence the survival of developing
chinook salmon eggs. Juvenile chinook
may spend from 3 months to 2 years in
freshwater after emergence and before
migrating to estuarine areas as smolts,
and then into the ocean to feed and
mature. Historically, chinook salmon
ranged as far south as the Ventura River,
California, and their northern extent
reaches the Russian Far East.

Among chinook salmon, two distinct
races have evolved. One race, described
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as a ‘‘stream-type”’ chinook, is found
most commonly in headwater streams.
Stream-type chinook salmon have a
longer freshwater residency, and
perform extensive offshore migrations
before returning to their natal streams in
the spring or summer months. The
second race is called the “ocean-type”
chinook, which is commonly found in
coastal streams in North America.
Ocean-type chinook typically migrate to
sea within the first three months of
emergence, but they may spend up to a
year in freshwater prior to emigration.
They also spend their ocean life in
coastal waters. Ocean-type chinook
salmon return to their natal streams or
rivers as spring, winter, fall, summer,
and late-fall runs, but summer and fall
runs predominate (Healey, 1991). The
difference between these life history
types is also physical, with both genetic
and morphological foundations.

Juvenile stream- and ocean-type
chinook salmon have adapted to
different ecological niches. Ocean-type
chinook salmon tend to utilize estuaries
and coastal areas more extensively for
juvenile rearing. The brackish water
areas in estuaries also moderate
physiological stress during parr-smolt
transition. The development of the
ocean-type life history strategy may
have been a response to the limited
carrying capacity of smaller stream
systems and glacially scoured,
unproductive, watersheds, or a means of
avoiding the impact of seasonal floods
in the lower portion of many watersheds
(Miller and Brannon, 1982).

Stream-type juveniles are much more
dependent on freshwater stream
ecosystems because of their extended
residence in these areas. A stream-type
life history may be adapted to those
watersheds, or parts of watersheds, that
are more consistently productive and
less susceptible to dramatic changes in
water flow, or which have
environmental conditions that would
severely limit the success of subyearling
smolts (Miller and Brannon, 1982;
Healey, 1991). At the time of saltwater
entry, stream-type (yearling) smolts are
much larger, averaging 73-134 mm
depending on the river system, than
their ocean-type (subyearling)
counterparts and are therefore able to
move offshore relatively quickly
(Healey, 1991).

Coastwide, chinook salmon remain at
sea for 1 to 6 years (more commonly 2
to 4 years), with the exception of a small
proportion of yearling males (called jack
salmon) which mature in freshwater or
return after 2 or 3 months in salt water
(Rutter, 1904, Gilbert, 1912; Rich, 1920;
Mullan et al., 1992). Ocean- and stream-
type chinook salmon are recovered

differentially in coastal and mid-ocean
fisheries, indicating divergent migratory
routes (Healey, 1983 and 1991). Ocean-
type chinook salmon tend to migrate
along the coast, while stream-type
chinook salmon are found far from the
coast in the central North Pacific
(Healey 1983 and 1991; Myers et al.,
1984). Differences in the ocean
distribution of specific stocks may be
indicative of resource partitioning and
may be important to the success of the
species as a whole.

There is a significant genetic
influence to the freshwater component
of the returning adult migratory process.
A number of studies show that chinook
salmon return to their natal streams
with a high degree of fidelity (Rich and
Holmes 1928; Quinn and Fresh, 1984;
Mclssac and Quinn, 1988). Salmon may
have evolved this trait as a method of
ensuring an adequate incubation and
rearing habitat. It also provides a
mechanism for reproductive isolation
and local adaptation. Conversely,
returning to a stream other than that of
one’s origin is important in colonizing
new areas and responding to
unfavorable or perturbed conditions at
the natal stream (Quinn, 1993).

Chinook salmon stocks exhibit
considerable variability in size and age
of maturation, and at least some portion
of this variation is genetically
determined. The relationship between
size and length of migration may also
reflect the earlier timing of river entry
and the cessation of feeding for chinook
salmon stocks that migrate to the upper
reaches of river systems. Body size,
which is correlated with age, may be an
important factor in migration and redd
construction success. Roni and Quinn
(1995) reported that under high density
conditions on the spawning ground,
natural selection may produce stocks
with exceptionally large-sized returning
adults.

Early researchers recorded the
existence of different temporal “‘runs”
or modes in the migration of chinook
salmon from the ocean to freshwater.
Freshwater entry and spawning timing
are believed to be related to local
temperature and water flow regimes
(Miller and Brannon, 1982). Seasonal
“runs” (ie., spring, summer, fall, or
winter) have been identified on the
basis of when adult chinook salmon
enter freshwater to begin their spawning
migration. However, distinct runs also
differ in the degree of maturation at the
time of river entry, the thermal regime
and flow characteristics of their
spawning site, and their actual time of
spawning. Egg deposition must occur at
a time to ensure that fry emerge during
the following spring when the river or

estuary productivity is sufficient for
juvenile survival and growth.

Other Life History Traits

Pathogen resistance is another locally
adapted trait. Chinook salmon from the
Columbia River drainage were less
susceptible to Ceratomyxa shasta, an
endemic pathogen, than stocks from
coastal rivers where the disease is not
known to occur (Zinn et al., 1977).
Alaskan and Columbia River stocks of
chinook salmon exhibit different levels
of susceptibility to the infectious
hematopoietic necrosis virus (IHNV)
(Wertheimer and Winton 1982).
Variability in temperature tolerance
between populations is likely due to
selection for local conditions; however,
there is little information on the genetic
basis of this trait (Levings, 1993).

Consideration as a “‘Species” Under the
ESA

To qualify for listing as a threatened
or endangered species, the identified
populations of chinook salmon must be
considered *‘species’ under the ESA.
The ESA defines a “‘species” to include
“‘any subspecies of fish or wildlife or
plants, and any distinct population
segment of any species of vertebrate fish
or wildlife which interbreeds when
mature.” NMFS published a policy (56
FR 58612, November 20, 1991)
describing the agency’s application of
the ESA definition of *‘species’ to
anadromous Pacific salmonid species.
NMFS’ policy provides that a Pacific
salmonid population will be considered
distinct and, hence, a species under the
ESA if it represents an ESU of the
biological species. A population must
satisfy two criteria to be considered an
ESU, it must be reproductively isolated
from other conspecific population units,
and it must represent an important
component in the evolutionary legacy of
the biological species. The first
criterion, reproductive isolation, need
not be absolute, but must be strong
enough to permit evolutionarily
important differences to accrue in
different population units. The second
criterion is met if the population
contributes substantially to the
ecological and genetic diversity of the
species as a whole. Guidance on the
application of this policy is contained in
a scientific paper ““‘Pacific Salmon
(Oncorhynchus spp.) and the Definition
of ‘Species’ under the Endangered
Species Act” (Waples, 1991) and a
NOAA Technical Memorandum
“Definition of ‘Species’ Under the
Endangered Species Act: Application to
Pacific Salmon” (NMFS F/NWC-194)
which are available upon request (see
ADDRESSES). The following sections
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describe the genetic, ecological, and life
history characteristics, as well as
human-induced genetic changes that
NMEFS assessed to determine the
number and geographic extent of
chinook salmon ESUs.

Reproductive Isolation

Genetic data provide useful indirect
information on reproductive isolation
because they integrate information
about migration and gene flow over
evolutionarily important time frames.

Genetic information obtained from
allozyme, DNA, and chromosomal
sampling indicate strong differentiation
between chinook salmon ESUs, and
were largely consistent with those
described in previous studies of chinook
salmon. Puget Sound populations of
chinook salmon appear to constitute a
genetically distinct group, a conclusion
that is consistent with the results of
Utter et al. (1989) and Marshall et al.
(21995). In NMFS’ analyses, Washington
coastal populations appeared to form a
genetically distinct group that was most
similar to, but still distinct from, Oregon
coastal populations. The Washington
coastal group included the Hoko River
population in the western part of the
Strait of Juan de Fuca. Chinook salmon
in the Elwha River, which also drains
into the Strait of Juan de Fuca, were
genetically intermediate between Puget
Sound and Washington coastal
populations.

Chinook salmon populations in the
Columbia and Snake Rivers appear to be
separated into two large genetic groups:
those producing ocean-type outmigrants
and those producing stream-type
outmigrants. The first group includes
populations in lower Columbia River
tributaries, with both spring-run and
fall-run (*‘tule”) life histories. These
ocean-type populations exhibit a range
of juvenile life history patterns that
appear to depend on local
environmental conditions. The
Willamette River hatchery populations
form a distinct subgroup within the
lower Columbia River group. Ocean-
type chinook salmon populations east of
the Cascade Range Crest include both
summer-and fall-run (**bright”)
populations, and are genetically distinct
from lower Columbia River ocean-type
populations. Fall-run populations in the
Snake River, Deschutes River, and
Marion Drain (Yakima River) form a
distinct subgroup.

The second major group of chinook
salmon in the Columbia and Snake
River drainage consists of spring- or
summer-run fish. Based on analysis of
genetic clusters, three relatively distinct
subgroups appeared within these
stream-type populations. One subgroup

includes spring-run populations in the
Klickitat, John Day, Deschutes, and
Yakima Rivers of the mid-Columbia
River. A second subgroup includes
upper Columbia River spring-run
chinook salmon in the Wenatchee and
Methow Rivers, but also includes
spring-run fish in the Grande Ronde
River and Carson Hatchery. This is
likely due to the releases of exotic
Carson hatchery stock in these basins,
rather than to natural genetic
similarities. A third subgroup consists
of Snake River spring- and summer-run
populations in the Imnaha and Salmon
Rivers, as well as those in the Rapid
River and Lookingglass Hatcheries. The
Klickitat River spring-run population
appears to be genetically intermediate
between upper and lower Columbia
River groups.

All populations of chinook salmon
south of the Columbia River drainage
appear to consist of ocean-type fish.
Populations along the north coast of
Oregon form a genetically distinct
group, consisting of populations north
of and including the Elk River, except
for the Rock Creek Hatchery spring-run
population, which show greater genetic
affinity to southern Oregon coastal
populations. A southern coastal group
includes populations south of the Elk
River to and including populations in
the lower Klamath River in northern
California. However, Euchre Creek,
which is located near the Rogue River
and has been planted extensively with
Elk River stock, is more similar to
populations north of Cape Blanco.
Upper Klamath River populations of
chinook salmon are genetically distinct
from other northern California, southern
Oregon and California Central Valley
populations.

Sacramento and San Joaquin River
populations are genetically distinct from
northern California coastal and Klamath
River populations. Previous studies
grouped populations in the Sacramento
River with those in the San Joaquin
River (Utter et al., 1989; Bartley and
Gall, 1990; Bartley et al., 1992).
However, Hedgecock et al. (1995), Banks
(1996), and Nielsen (1995 and 1997)
surveyed DNA markers and these results
indicate that the winter, spring, fall, and
late-fall runs may be genetically distinct
from one another.

Genetic Changes Due to Human
Activities

The effects of artificial propagation
and other human activities such as
harvest and habitat modification, can be
relevant to ESA listing determinations
in two ways. First, such activities can
genetically change natural populations
so much that they no longer represent

an evolutionarily significant component
of the biological species (Waples, 1991).
For example, in 1991, NMFS concluded
that, as a result of massive and
prolonged effects of artificial
propagation, harvest, and habitat
degradation, the agency could not
identify natural populations of coho
salmon (O. kisutch) in the lower
Columbia River that qualified for ESA
listing consideration (56 FR 29553, June
27, 1991). Second, risks to the viability
and genetic integrity of native salmon
populations posed by human activities
may contribute to their threatened or
endangered status (Goodman, 1990;
Hard et al., 1992). The severity of these
effects on natural populations depends
both on the nature of the effects (e.g.,
harvest rate, gear size, or type of
hatchery practice) and their magnitude
(e.g., duration of a hatchery program
and number and life-history stage of
hatchery fish involved).

For example, artificial propagation is
a common practice to supplement
chinook salmon stocks for commercial
and recreational fisheries. However, in
many areas, a significant portion of the
naturally spawning population consists
of hatchery-produced chinook salmon.
In several of the chinook salmon ESUSs,
over 50 percent of the naturally
spawning fish are from hatcheries.
Many of these hatchery-produced fish
are derived from a few stocks which
may or may not have originated from
the geographic area where they are
released. However, in several of the
ESUs analyzed, insufficient or uncertain
information exists regarding the
interactions between hatchery and
natural fish, and the relative abundance
of hatchery and natural stocks.

Atrtificial propagation is important to
consider in ESA evaluations of
anadromous Pacific salmonids for
several reasons. First, although natural
fish are the focus of ESU
determinations, possible effects of
artificial propagation on natural
populations must also be evaluated. For
example, stock transfers might change
the genetic bases or phenotypic
expression of life history characteristics
in a natural population in such a way
that the population might seem either
less or more distinctive than it was
historically. Artificial propagation can
also alter life history characteristics
such as smolt age and migration and
spawn timing (e.g., Crawford, 1979,
NRC 1996). Second, artificial
propagation poses a number of risks to
natural populations that may affect their
risk of extinction or endangerment.
Finally, if any natural populations are
listed under the ESA, then it will be
necessary to determine the ESA status of
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all associated hatchery populations.
This latter determination would be
made following a proposed listing and
is not considered further in this
document.

The impacts of hatchery activities on
specific ESUs is discussed in the Status
of Chinook Salmon ESUs and Summary
of Factors Affecting the Species
sections.

Ecological and Genetic Diversity

Several types of physical and
biological evidence were considered in
evaluating the contribution of chinook
salmon from Washington, Oregon,
Idaho, and California to the ecological
and genetic diversity of the biological
species throughout its range. Factors
examined included: (1) The physical
environment—geology, soil type, air
temperature, precipitation, river flow
patterns, water temperature, and
vegetation; (2) biogeography—marine,
estuarine, and freshwater fish
distributions; and (3) life history traits—
age at smolting, age at spawning, river
entry timing, and spawning timing. An
analysis of the physical environment
and life history traits provides
important insight into the ecological
and genetic diversity of the species and
can reflect unusual or distinctive
adaptations that promote evolutionary
processes.

The predominant differentiation in
chinook salmon life history types is that
between ocean- and stream-type
chinook salmon. Ocean-type
populations typically migrate to the
ocean in their first year of life and spend
most of their marine life in coastal
waters, whereas stream-type
populations migrate to sea as yearlings
and often make extensive ocean
migrations.

In some areas within the Columbia
River Basin, stream- and ocean-type
chinook salmon stocks spawn in
relatively close proximity to one another
but are separated by run timing. Stream-
type chinook salmon include spring-run
populations in the Columbia River and
its tributaries east of the Cascade Crest,
and spring- and summer-run fish in the
Snake River and its tributaries. Ocean-
type chinook salmon include fall-run
chinook salmon in both the Columbia
and Snake River Basins, summer-run
chinook salmon from the Columbia
River, and spring-run fish from the
lower Columbia River. There are
substantial genetic differences between
stream- and ocean-type chinook salmon
in both the Fraser and Columbia River
Basins, and the genetic analyses show
clearly that the two life history forms
represent two major evolutionary
lineages.

Adult run-time has also long been
used to identify different temporal
“races” of chinook salmon. In cases
where the run-time differences
correspond to differences between
stream- and ocean-type fish (e.g., in the
Columbia and Fraser River Basins),
relatively large genetic differences (as
well as ecological and life history
differences) can be found between the
different runs. In most coastal areas,
however, life history and genetic
differences between the runs are
relatively modest, relative to the larger
differences used in designating other
ESUs. Although many populations have
some fraction of yearling migrants, all
the coastal populations are part of the
ocean lineage, and spring- and fall-run
fish are very similar in ocean
distribution.

Among basins supporting only ocean-
type chinook salmon, the Sacramento
River system is somewhat unusual in
that its large size and ecological
diversity historically allowed for
substantial spatial as well as temporal
separation of different runs. Genetic and
life history data both suggest that
considerable differentiation among the
runs has occurred in this basin. The
Klamath River Basin, as well as chinook
salmon in Puget Sound, shares some
features of coastal rivers but historically
also provided an opportunity for
substantial spatial separation of
different temporal runs. As discussed
below, the diversity in run timing made
identifying ESUs difficult in the
Klamath and Sacramento River Basins.

NMFS considers differences in life
history traits as a possible indicator of
adaptation to different environmental
regimes and resource partitioning
within those regimes. The relevance of
the ecologic and genetic basis for
specific chinook salmon life-history
traits as they pertain to each ESU is
discussed in the brief summary that
follows.

ESU Determinations

The ESU determinations described
here represent a synthesis of a large
amount of diverse information. In
general, the proposed geographic
boundaries for each ESU (i.e., the
watersheds within which the members
of the ESU are typically found) are
supported by several lines of evidence
that show similar patterns. However, the
diverse data sets are not always entirely
congruent (nor would they be expected
to be), and the proposed boundaries are
not necessarily the only ones possible.
For example, in some cases (e.g., in the
Middle Columbia River near the
Cascade Crest), environmental changes

occur over a transition zone rather than
abruptly.

Based on the best available scientific
and commercial information, NMFS has
identified 15 ESUs of chinook salmon
from Washington, Oregon, Idaho, and
California, including 11 new ESUs, and
one redefined ESU. The 15 ESUs are
briefly described and characterized
below. Genetic data (from studies of
protein electrophoresis and DNA) were
the primary evidence considered for the
reproductive isolation criterion,
supplemented by inferences about
barriers to migration created by natural
geographic features and human-induced
changes resulting from artificial
propagation and harvest. Factors
considered to be most informative in
evaluating ecological and genetic
diversity include data pertaining to the
physical environment, ocean conditions
and upwelling, vegetation, estuarine
and freshwater fish distributions, river
entry, and spawning timing.

Most of the ESUs described below
include multiple spawning populations
of chinook salmon, and most also
extend over a considerable geographic
area. This result is consistent with
NMFS’ species definition paper, which
states that, in general, ““ESUs should
correspond to more comprehensive
units unless there is clear evidence that
evolutionarily important differences
exist between smaller population
segments” (Waples, 1991, p. 20).
However, considerable diversity in
genetic or life history traits or habitat
features exists within most ESUs, and
maintaining this diversity is critical to
their overall health. The descriptions
below briefly summarize some of the
notable types of diversity within each
ESU, and this diversity is considered in
the next section in evaluating risk to the
ESUs as a whole.

(1) Sacramento River Winter-Run ESU

This run was determined to be a
distinct population segment by NMFS
in 1987, prior to development of the
NMFS species policy. The NMFS
concluded that this run meets the
criteria to be considered an ESU. It
includes chinook salmon entering the
Sacramento River from November to
June and spawning from late-April to
mid-August, with a peak from May to
June. No other chinook salmon
populations have a similar life history
pattern. In general, winter-run chinook
salmon exhibit an ocean-type life-
history strategy, with smolts emigrating
to the ocean after 5 to 9 months of
freshwater residence (Johnson et al.,
1992) and remaining near the coasts of
California and Oregon. Winter-run
chinook salmon also mature at a
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relatively young age (2—3 years old).
DNA analysis indicates substantial
genetic differences between winter-run
and other chinook salmon in the
Sacramento River.

Historically, winter-run populations
existed in the Upper Sacramento, Pit,
McCloud, and Calaveras Rivers. The
spawning habitat for these stocks was
primarily located in the Sierra Nevada
Ecoregion (Omernik, 1987).
Construction of dams on these rivers in
the 1940s led to the extirpation of
populations in the San Joaquin River
Basin and displaced the Sacramento
River population to areas below Shasta
Dam.

(2) Central Valley Spring-Run ESU

Existing populations in this ESU
spawn in the Sacramento River and its
tributaries. Historically, spring chinook
salmon were the dominant run in the
Sacramento and San Joaquin River
Basins (Clark, 1929), but native
populations in the San Joaquin River
have apparently all been extirpated
(Campbell and Moyle, 1990). This ESU
includes chinook salmon entering the
Sacramento River from March to July
and spawning from late August 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. Recoveries
of hatchery chinook salmon implanted
with coded-wire-tags (CWT) are
primarily from ocean fisheries off the
California and Oregon coast. There were
minimal differences in the ocean
distribution of fall- and spring-run fish
from the Feather River Hatchery (as
determined by CWT analysis); however,
due to hybridization that may have
occurred in the hatchery between these
two runs, this similarity in ocean
migration may not be representative of
wild runs.

Substantial ecological differences in
the historical spawning habitat for
spring-run versus fall- and late-fall-run
fish have been recognized. Spring
chinook salmon run timing was suited
to gaining access to the upper reaches of
river systems (up to 1,500 m elevation)
prior to the onset of prohibitively high
water temperatures and low flows that
inhibit access to these areas during the
fall. Differences in adult size, fecundity,
and smolt size also occur between
spring- and fall/late fall-run chinook
salmon in the Sacramento River.

No allozyme data are available for
naturally spawning Sacramento River
spring chinook salmon. A sample from
Feather River Hatchery spring-run fish,
which may have undergone substantial
hybridization with fall chinook salmon,

shows modest (but statistically
significant) differences from fall-run
hatchery populations. DNA data show
moderate genetic differences between
the spring and fall/late-fall runs in the
Sacramento River; however, these data
are difficult to interpret in the context
of this broad status review because
comparable data are not available for
other geographic regions.

(3) Central Valley Fall/Late Fall-Run
ESU

This ESU includes fall and late-fall
chinook salmon spawning in the
Sacramento and San Joaquin Rivers and
their tributaries. These populations
enter the Sacramento and San Joaquin
Rivers from July through April and
spawn from October through February.

Both runs are ocean-type chinook
salmon, emigrating predominantly as fry
and subyearlings and remaining off the
California coast during their ocean
migration.

Sacramento/San Joaquin Basin
chinook salmon are genetically and
physically distinguishable from all other
coastal forms (Clark, 1929; Synder,
1931). Ecologically, the Central Valley
also differs in many important ways
from coastal areas. There were also a
number of life-history differences noted
between Sacramento and San Joaquin
River Basin fall/late fall-run
populations. In general, San Joaquin
River populations tend to mature at an
earlier age and spawn later in the year
than Sacramento River populations.
These differences could have been
phenotypic responses to the generally
warmer temperature and lower flow
conditions found in the San Joaquin
River Basin relative to the Sacramento
River Basin. There was no apparent
difference in the distribution of marine
CWT recoveries from Sacramento and
San Joaquin River hatchery populations,
nor were there genetic differences
between Sacramento and San Joaquin
River fall/late fall-run populations
(based on DNA and allozyme analysis)
of a similar magnitude to that used in
distinguishing other ESUs. This
apparent lack of distinguishing life
history and genetic characteristics may
be due, in part, to large scale transfers
of Sacramento River fall/late fall-run
chinook salmon into the San Joaquin
River Basin.

(4) Southern Oregon and California
Coastal ESU

This ESU includes all naturally
spawned coastal spring and fall chinook
salmon spawning from Cape Blanco
(inclusive of the Elk River) to the
southern extent of the current range for
chinook salmon at Point Bonita (the

northern landmass marking the entrance
to San Francisco Bay). The Cape Blanco
region is a major biogeographic
boundary for numerous species (e.g.,
steelhead and coho salmon). Chinook
salmon spawn in several small
tributaries to San Francisco Bay,
however it is uncertain whether these
small populations are part of this ESU,
or wanderers from Central Valley
chinook salmon ESUs.

Chinook salmon from the Central
Valley and Klamath River Basin
upstream from the Trinity River
confluence are genetically and
ecologically distinguishable from those
in this ESU. Chinook salmon in this
ESU exhibit an ocean-type life-history;
ocean distribution (based on marine
CWT recoveries) is predominantly off of
the California and Oregon coasts. Life-
history information on smaller
populations, especially in the southern
portion of the ESU, is extremely limited.
Additionally, only anecdotal or
incomplete information exists on
abundance of several spring-run
populations including, the Chetco,
Winchuck, Smith, Mad, and Eel Rivers.
Allozyme data indicate that this ESU is
genetically distinguishable from the
Oregon Coast, Upper Klamath and
Trinity River, and Central Valley ESUs.
This data also shows some divergence
between chinook populations north and
south of the Klamath River, but the
available information is incomplete to
describe chinook salmon south of the
Klamath River as a separate ESU. Life
history differences also exist between
spring- and fall-run fish in this ESU, but
not to the same extent as is observed in
larger inland basins.

Ecologically, the majority of the river
systems in this ESU are relatively small
and heavily influenced by a maritime
climate. Low summer flows and high
temperatures in many rivers result in
seasonal physical and thermal barrier
bars that block movement by
anadromous fish. The Rogue River is the
largest river basin in this ESU and
extends inland into the Sierra Nevada
and Cascades Ecoregions.

(5) Upper Klamath and Trinity Rivers
ESU

Included in this ESU are all Klamath
River Basin populations from the
Trinity River and the Klamath River
upstream from the confluence of the
Trinity River. These populations
include both spring- and fall-run fish
that enter the Upper Klamath River
Basin from March through July and July
through October and spawn from late
August through September and
September through early January,
respectively. Body morphology
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(vertebral counts, lateral-line scale
counts, and fin-ray counts) and
reproductive traits (egg size and
number) for populations from the Upper
Klamath River differ from those of
populations in the Sacramento River
Basin. Genetic analysis indicated that
populations from the Upper Klamath
River Basin form a unique group that is
quite distinctive compared to
neighboring ESUs. The Upper Klamath
River crosses the Coastal Range, Sierra
Nevada, and Eastern Cascades
Ecoregions, although dams prevent
access to the upper river headwaters of
the Klamath River in the Eastern
Cascades Ecoregion.

Within the Upper Klamath River
Basin, there are statistically significant,
but fairly modest, genetic differences
between the fall and spring runs. The
majority of the spring- and fall-run fish
emigrate to the marine environment
primarily as subyearlings. Recoveries of
CWTs indicate that both runs have a
coastal distribution off of the California
and Oregon coasts. There was no
apparent difference in the marine
distribution of CWT recoveries from
fall-run (Iron Gate and Trinity River
Hatcheries) and spring-run populations
(Trinity River Hatchery).

NMFS was concerned that the only
estimate of the genetic relationship
between spring and fall runs in this ESU
is from a comparison of hatchery stocks
that may have undergone some
introgression during hatchery spawning
operations, thus blurring the
distinguishable traits between spring-
and fall-run chinook in this ESU. NMFS
acknowledges that the ESU
determination should be revisited if
substantial new information from
natural spring-run populations becomes
available.

(6) Oregon Coast ESU

This ESU contains coastal
populations of spring- and fall-run
chinook salmon from the Elk River
north to the mouth of the Columbia
River. These populations exhibit an
ocean-type life-history and mature at
ages 3, 4, and 5. In contrast to the more
southerly ocean distribution pattern
shown by populations from the lower
Columbia River and farther south, CWT
recoveries from populations within this
ESU are predominantly from British
Columbia and Alaska coastal fisheries.
There is a strong genetic separation
between Oregon Coast ESU populations
and neighboring ESU populations. This
ESU falls within the Coastal Ecoregion
and is characterized by a strong
maritime influence, with moderate
temperatures, high precipitation levels,
and easy migration access.

(7) Washington Coast ESU

Coastal populations spawning north
of the Columbia River and west of the
Elwha River are included in this ESU.
These populations can be distinguished
from those in Puget Sound by their
older age at maturity and more northerly
ocean distribution. Allozyme data also
indicate geographical differences
between populations from this area and
those in Puget Sound, the Columbia
River, and the Oregon coast ESUs.
Populations within this ESU are ocean-
type chinook salmon and generally
mature at age 3, 4, and 5. Ocean
distribution for these fish is more
northerly than that for the Puget Sound
and Lower Columbia River ESUs. The
boundaries of this ESU lie within the
Coastal Ecoregion, which is strongly
influenced by the marine environment:
high precipitation, moderate
temperatures, and easy migration
access.

(8) Puget Sound ESU

This ESU encompasses all naturally
spawned spring, summer and fall runs
of chinook salmon in the Puget Sound
region from the North Fork Nooksack
River to the Elwha River on the Olympic
Peninsula, inclusive. Chinook salmon in
this area all exhibit an ocean-type life
history. Although some spring-run
chinook salmon populations in the
Puget Sound ESU have a high
proportion of yearling smolt emigrants,
the proportion varies substantially from
year to year and appears to be
environmentally mediated rather than
genetically determined. Puget Sound
stocks all tend to mature at ages 3 and
4 and exhibit similar, coastally-oriented,
ocean migration patterns. There are
substantial ocean distribution
differences between Puget Sound and
Washington coast stocks, with CWT
recoveries of Washington coastal
chinook found in much larger
proportions from Alaskan waters. The
marine distribution of Elwha River
chinook salmon most closely resembled
other Puget Sound stocks, rather than
Washington coast stocks.

The NMFS concluded that, on the
basis of substantial genetic separation,
the Puget Sound ESU does not include
Canadian populations of chinook
salmon. Allozyme analysis of North
Fork and South Fork Nooksack River
spring chinook salmon identified them
as outliers, but most closely allied with
other Puget Sound samples. DNA
analysis identified a number of markers
that appear to be restricted to either the
Puget Sound or Washington coastal
stocks. Some allozyme markers
suggested an affinity of the Elwha River

population with the Washington coastal
stocks, while others suggested an
affinity with Puget Sound stocks.

The boundaries of the Puget Sound
ESU correspond generally with the
boundaries of the Puget Lowland
Ecoregion. Despite being in the
rainshadow of the Olympic Mountains,
the river systems in the western portion
of Puget Sound maintain high flow rates
due to the melting snowpack in the
surrounding mountains. Temperatures
tend to be moderated by the marine
environment. The Elwha River, which is
in the Coastal Ecoregion, is the only
system in this ESU which lies outside
the Puget Sound Ecoregion.
Furthermore, the boundary between the
Washington Coast and Puget Sound
ESUs (which includes the Elwha River
in the Puget Sound ESU) corresponds
with ESU boundaries for steelhead and
coho salmon. In life history and genetic
attributes, the Elwha River chinook
salmon appear to be transitional
between populations from Puget Sound
and the Washington Coast ESU.

(9) Lower Columbia River ESU

This ESU includes all naturally
spawned chinook populations from the
mouth of the Columbia River to the crest
of the Cascade Range, excluding
populations above Willamette Falls.
Celilo Falls, which corresponds to the
edge of the drier Columbia Basin
Ecosystem and historically may have
presented a migrational barrier to
chinook salmon at certain times of the
year, is the eastern boundary for this
ESU. Not included in this ESU are
“stream-type”’ spring chinook salmon
found in the Klickitat River (which are
considered part of the Mid-Columbia
River spring-run ESU) or the introduced
Carson spring-chinook salmon. “Tule”
fall chinook salmon in the Wind and
Little White Salmon Rivers are included
in this ESU, but not introduced “‘upriver
bright” fall chinook salmon populations
in the Wind, White Salmon, and
Klickitat Rivers. Available information
suggests that spring chinook salmon
presently in the Clackamas and Sandy
Rivers are predominantly the result of
introductions from the Willamette River
ESU and are thus probably not
representative of spring chinook salmon
found historically.

In addition to the geographic features
mentioned above, genetic and life-
history data were important factors in
defining this ESU. Populations in this
ESU are considered ocean type. Some
spring-run populations have a large
proportion of yearling migrants, but this
trend may be biased by yearling
hatchery releases. Subyearling migrants
were found to contribute to the
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escapement. CWT recoveries for Lower
Columbia River ESU populations
indicate a northerly migration route, but
with little contribution to the Alaskan
fishery. Populations in this ESU also
tend to mature at age 3 and 4, somewhat
younger than populations from the
coastal, upriver, and Willamette ESUs.
Ecologically, the Lower Columbia River
ESU crosses several ecoregions: Coastal,
Willamette Valley, Cascades and East
Cascades.

(10) Upper Willamette River ESU

This ESU includes naturally spawned
spring-run populations above
Willamette Falls. Fall chinook salmon
above the Willamette Falls are
introduced and although they are
naturally spawning, they are not
considered a population for purposes of
defining this ESU. Historic, naturally
spawned populations in this ESU have
an unusual life history that shares
features of both the stream and ocean
types. Scale analysis of returning fish
indicate a predominantly yearling smolt
life-history and maturity at 4 years of
age, but these data are primarily from
hatchery fish and may not accurately
reflect patterns for the natural fish.
Young-of-year smolts have been found
to contribute to the returning 3 year-old
year class. The ocean distribution is
consistent with an ocean-type life
history, and CWT recoveries occur in
considerable numbers in the Alaskan
and British Columbian coastal fisheries.
Intra-basin transfers have contributed to
the homogenization of Willamette River
spring chinook salmon stocks; however,
Willamette River spring chinook salmon
remain one of the most genetically
distinctive groups of chinook salmon in
the Columbia River Basin.

The geography and ecology of the
Willamette Valley is considerably
different from surrounding areas.
Historically, the Willamette Falls
offered a narrow temporal window for
upriver migration, which may have
promoted isolation from other Columbia
River stocks.

(11) Mid-Columbia River Spring-Run
ESU

Included in this ESU are stream-type
chinook salmon spawning in the
Klickitat, Deschutes, John Day, and
Yakima Rivers. Historically, spring-run
populations from the Hood, Walla
Walla, and Umatilla Rivers may have
also belonged in this ESU, but these
populations are now considered extinct.
Chinook salmon from this ESU emigrate
to the ocean as yearlings and apparently
migrate far off-shore, as they do not
appear in appreciable numbers in any
ocean fisheries. The majority of adults

spawn as 4-year-olds, with the
exception of fish returning to the upper
tributaries of the Yakima River, which
return predominantly at age 5.
Populations in this ESU are genetically
distinguishable from other stream-type
chinook salmon in the Columbia and
Snake Rivers. Streams in this region
drain desert areas east of the Cascades
(Columbia Basin Ecoregion) and are
ecologically differentiated from the
colder, less productive, glacial streams
of the upper Columbia River spring-run
ESU and from the generally higher
elevation streams of the Snake River.

(12) Upper-Columbia River Summer-
and Fall-Run ESU

This ESU was first identified as the
Mid-Columbia River summer/fall
chinook salmon ESU. Previously,
Waknitz et al. (1995) and NMFS (1994)
identified an ESU that included all
ocean-type chinook salmon spawning in
areas between McNary Dam and Chief
Joseph Dam (59 FR 48855, September
23, 1994). However, NMFS has now
concluded that the boundaries of this
ESU do not extend downstream from
the Snake River. In particular, NMFS
concluded that Deschutes River fall
chinook salmon are not part of this ESU.
The ESU status of the Marion Drain
population from the Yakima River is
still unresolved. NMFS also identified
the importance of obtaining more
definitive genetic and life history
information for naturally spawning fall
chinook salmon elsewhere in the
Yakima River drainage.

Chinook salmon from this ESU
primarily emigrate to the ocean as
subyearlings but mature at an older age
than ocean-type chinook salmon in the
Lower Columbia and Snake Rivers.
Furthermore, a greater proportion of
CWT recoveries for this ESU occur in
the Alaskan coastal fishery than is the
case for Snake River fish. The status
review for Snake River fall chinook
salmon (Waples et al., 1991; NMFS,
1992) also identified genetic and
environmental differences between the
Columbia and Snake Rivers. Substantial
life history and genetic differences
distinguish fish in this ESU from
stream-type spring chinook salmon from
the mid- and upper-Columbia Rivers.

The ESU boundaries fall within part
of the Columbia Basin Ecoregion. The
area is generally dry and relies on
Cascade Range snowmelt for peak
spring flows. Historically, this ESU
likely extended farther upstream;
spawning habitat was compressed
down-river following construction of
Grand Coulee Dam.

(13) Upper Columbia River Spring-Run
ESU

This ESU includes stream-type
chinook salmon spawning above Rock
Island Dam—that is, those in the
Wenatchee, Entiat, and Methow Rivers.
All chinook salmon in the Okanogan
River are apparently ocean-type and are
considered part of the Upper Columbia
River summer- and fall-run ESU. These
upper Columbia River populations
exhibit classical stream-type life-history
strategies: yearling smolt emigration
with only rare CWT recoveries in
coastal fisheries. These populations are
genetically and ecologically well
separated from the summer- and fall-run
populations that exist in the lower parts
of many of the same river systems.

Rivers in this ESU drain the east
slopes of the Cascade Range and are fed
primarily by snowmelt. The waters tend
to be cooler and less turbid than the
Snake and Yakima Rivers to the south.
Although these fish appear to be closely
related genetically to stream-type
chinook salmon in the Snake River,
NMPFS recognized substantial ecological
differences between the Snake and
Columbia Rivers, particularly in the
upper tributaries favored by stream-type
chinook salmon. Allozyme data
demonstrate even larger differences
between spring chinook salmon
populations from the mid- and upper-
Columbia River.

Artificial propagation programs have
had a considerable influence on this
ESU. During the Grand Coulee Fish-
Maintenance Project (GCFMP, 1939-
1943), all spring chinook salmon
reaching Rock Island Dam, including
those destined for areas above Grand
Coulee Dam, were collected and they or
their progeny were dispersed into
streams in this ESU (Fish and Hanavan,
1948). Some ocean-type fish were
undoubtedly also incorporated into this
program. Spring-run escapements to the
Wenatchee, Entiat, and Methow Rivers
were severely depressed prior to the
GCFMP but increased considerably in
subsequent