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criteria. Although there are some indications that more than one ESU may exist
within the Snake River Basin, the data presently available are not sufficient to
clearly demonstrate the existence of multiple ESUs or to define their boundaries.
Therefore, at present, the NMFS Northwest Region Biological Review Team
concludes that the Snake River spring and summer chinook salmon are a single
ESU.

There is no official NMFS policy regarding thresholds for determining
threatened or endangered threshold status. Therefore, a variety of factors were used
to evaluate the status of the population: historical, current, and projected
abundance; trends in abundance; and the spatial and temporal distribution of fish.
In addition, the stochastic extinction model of Dennis et al. (1991) was employed to
gain some insight into the likely persistence of the ESU in the future if corrective
actions are not taken. Collectively, the information suggests Snake River spring and
summer chinook salmon are in jeopardy, but not in imminent danger of extinction
throughout a significant portion of their range. However, they are likely to become

endangered in the near future if corrective measures are not taken.
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The "Species” Question

The ESA of 1973, as amended in 1978, allows listing of “distinct population
segments” of vertebrates as well as named species and subspecies. However, the
Act provides no guidance for determining what constitutes a distinct population, and
the resulting ambiguity has led to a variety of criteria being used in listing
decisions over the past decade. To clarify the issue for Pacific salmon, NMFS
published an interim policy describing how the definition of "species” in the Act will
be applied to anadromous salmonid species (Federal Register Docket No. 910248-
1048; 13 March 1991). A more detailed description of this topic appears in the
NMFS "Definition of Species” paper (Waples 1991).

The NMF'S policy stipulates that a salmon population will be considered
"distinct" for purposes of the Act if it represents an evolutionarily significant unit
(ESU) of the biological species. To qualify as an ESU, a population (or group of
populations) must be a) reproductively isolated from conspecific populations and
b) represent an important component in the evolutionary legacy of the species.
Types of information that can be useful in determining the degree of reproductive
isolation include incidence of straying, rates of recolonization, degree of genetic
differentiation, and the existence of barriers to migration. Insight into evolutionary
significance can be provided by data on phenotype, protein, or DNA characters; life
history characteristics; habitat differences; and the effects of stock transfers or
supplementation efforts.

For the spring and summer chinook salmon ESA evaluations, it is also
necessary to consider races of fish that have traditionally been differentiated on the
basis of run-timing. Following the framework of the "Definition of Species" paper, it
first must be determined whether spring-, summer-, and fall-run chinook salmon in

the Snake River are separate, reproductively isolated groups. Those groups that are
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outcomes (population abundance over time) for petitioned stocks. This model is
useful for identifying outcomes that are most likely if no protective measures are
taken because it assumes that future fluctuations in population abundance are
determined by parameters of the population measured in the recent past.

Threshold determinations will focus on threats to the ESU, which are defined
in terms of wild fish! in the "Definition of Species" paper. The focus on wild fish is
consistent with the mandate of the Act to conserve threatened and endangered

gpecies in their native ecosystems.
SUMMARY OF BIOLOGICAL INFORMATION

Distribution and Abundance

Historically, spring and/or summer chinook salmon spawned in virtually all
accessible and suitable habitat in the Snake River upstream from its confluence
with the Columbia River (Evermann 1896; Fulton 1968). Evermann (1896) observed
spring-run salmon spawning as far upstream as Rock Creek, a tributary of the
Snake River just downstream from Auger Falls and more than 1,442 km from the
sea.

Human activities have substantially reduced the amount of suitable spawning
habitat in the Snake River (Fig. 1). Even prior to hydroelectric development, many
small tributary habitats were lost or severely damaged by construction and
operation of irrigation dams and diversions; inundation of spawning areas by
impoundments; and siltation and pollution from sewage, farming, logging, and
mining (Fulton 1968). More recently, the construction of hydroelectric and water

storage dams without adequate provisions for adult and juvenile passage in the

"Wild fish as defined by Waples (1991) include all fish that are progeny of
naturally-spawning fish.
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upper Snake River has precluded the use of all spawning areas upstream from Hells
Canyon Dam.

The Snake River contains five principal subbasins that produce spring- and/or
summer-run chinook salmon (CBFWA 1990) (Fig. 2). Three of the five subbasins
(Clearwater, Grande Ronde, and Salmon Rivers) are large, complex systems
composed of several smaller tributaries which are further composed of many small
streams. For example, the Middle Fork of the Salmon River is a tributary of the
Salmon River subbasin that is 171 km long and contains 28 streams that produce
spring- and/or summer-run chinook salmon (Mallet 1974). In contrast, the two other
principal subbasins (Tucannon and Imnaha Rivers) are small systems in which the
majority of salmon production is in the main rivers themselves. In addition to the
five major subbasins, three small streams (Asotin, Granite, and Sheep Creeks) that
enter the Snake River between Lower Granite and Hells Canyon Dams provide
small spawning and rearing areas (CBFWA 1990).

The historical size of the Snake River spring and summer chinook salmon
population is difficult to estimate. Chapman (1986) provided estimates of chinook
salmon abundance for the entire Columbia River during the late 1800s but did not
attempt to partition the Snake River runs. For the years 1881 to 1895, Chapman
estimated a combined return of 2.5 to 3.0 million adult fish for spring and summer
chinook salmon runs in the Columbia River. Historically, it is estimated that the
Salmon River alone produced 39 and 45% of the Columbia River spring and summer
chinook salmon adults, respectively (CBFWA 1990). Fulton (1968) estimated that
44% of all Columbia River spring and summer chinook salmon entered the Salmon
River. By combining the above estimates and considering other production areas in
addition to the Salmon River, the total production of the Snake River was probably
in excess of 1.5 million spring and summer chinook salmon for some years during

the late 1800s.
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By the mid-1900s, the abundance of adult spring and summer chinook salmon
had greatly declined. Fulton (1968) estimated an average of 125,000 adults per year
entered Snake River tributaries from 1950 through 1960. Raymond (1988)
estimated that the combined annual returns averaged 100,000 wild fish from 1964
through 1968, adjusting for fish removed by the river fisheries below McNary Dam
in Zones 1-6. In another analysis, the average run of Snake River fish over McNary
Dam from 1954 through 1961 and over Ice Harbor Dam from 1962 through 1969
was reported to be 90,919 fish (CBFWA 1990).

Since the 1960s, counts of spring and summer chinook salmon adults have
declined considerably at Snake River dams (USACE 1989). Counts at Ice Harbor
Dam declined steadily from an average of 58,798 fish in 1962 through 1970 to a low
of 11,855 fish in 1979. Over the next 9 years, counts gradually increased and
reached a peak of 42,184 fish in 1988. In 1989 and 1990, counts dropped sharply
again to 21,244 and 26,524 fish, respectively. These counts, although illustrative of
population trends for all fish, are not indicative of the abundance of wild fish in the
population, because adult counts at dams have been confounded by hatchery-reared
fish since 1967. Unfortunately, counts at dams cannot be reliably separated into
hatchery and wild components.

The annual abundance of wild fish passing the uppermost dam on the lower
Snake River since 1967 can be estimated by two methods, both of which are subject
to bias. The first method is to subtract the returns to all hatcheries from the count
at the dam. This method is appealing in its simplicity, but it does not account for
potentially large differential mortalities after dam passage. The second method
entails establishing an expansion factor based on the relationship between adult

counts at the uppermost dam on the lower Snake River and redd counts in index
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available since 1957 from all areas except the Grande Ronde River, for which
enumeration began in 1964. Therefore, we provide two perspectives of the
abundance of redds over time--one beginning in 1957 excluding the Grande Ronde
River and the other beginning in 1964 including the Grande Ronde River. Redd
counts in the Clearwater River were exciuded from all analyses because the current
population was derived from hatchery outplantings of nonindigenous fish (see Stock
Histories section).

Trends in abundance of redds are similar for both time series (Fig. 3). Redd
counts have declined sharply over the last 33 years. In 1957, over 13,000 redds
were counted in index areas excluding the Grande Ronde River (Fig. 4). By 1964
and including the Grande Ronde River, the annual count in index areas was 8,642
redds. Over the next 16 years, annual counts in all areas declined steadily,
reaching a minimum of 620 redds in 1980. Annual counts increased graduaily over
the next 8 years, reaching a peak of 3,395 redds in 1988. In 1989 and 1990, counts
dropped again to 1,008 and 1,224 redds, respectively.

The abundance of wild Snake River spring and summer chinook salmon has
declined more at the mouth of the Columbia River than the redd trends indicate
(Chapman et al. 1991). Prior to curtailment in the mid-1970s, the in-river fisheries
in the Columbia River below McNary Dam harvested 20 to 88% of these fish
annually (Raymond 1988). Therefore, any analysis of population decline using redd
counts provides a conservative approximation of the actual decline in abundance of
adults.

In the near term, we are pessimistic concerning the expected abundance of

Snake River spring and summer chinook salmon. Based upon the lowest return on

‘Kris Peterson, Washington Department of Fisheries, P.O. Box 313, Dayton, WA
99382. Pers. commun., February 1991.
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Gilbert (1912) first categorized the two behavioral types and referred to those
juveniles that migrate seaward as subyearlings as "ocean-type" chinook and those
that migrate seaward as yearlings as "stream-type" chinook. A strong tendency
toward one or the other types is found within most streams, with ocean-types
dominating in the southern range from California through the coastal streams of
Oregon and Washington and stream-types dominating in the northern range from
British Columbia (excluding Vancouver Island) through Alaska and in the Yukon
River (Taylor 1989). The Columbia River is located in the middle of the range and
produces chinook salmon populations with the highest diversity in juvenile
migrational behavior and timing. Some tributaries or areas produce only ocean-type
juveniles (main-stem areas of the Columbia and Snake Rivers), some produce only
stream-type juveniles (upper tributaries of the Columbia and Snake Rivers), and
some produce both types (many tributaries of the Columbia River below the
confluence of the Snake River). In both the Columbia and Snake Rivers, spring-
and fall-run adults produce stream-type and ocean-type juveniles, respectively;
however, in the upper Columbia River, summer-run adults produce ocean-type
juveniles, whereas in the Snake River, they produce stream-type juveniles.

Life history information thus clearly indicates a strong affinity between
summer- and fall-run fish in the upper Columbia River, and between spring- and
summer-run fish in the Snake River. Genetic data (discussed below) support the
hypothesis that these affinities correspond to ancestral relationships.

The relationship between Snake River spring and summer chinook salmon is
more complex. Some streams in the Snake River are considered to have only
spring-run fish (e.g., those in the Grande Ronde River), some only summer-run fish
(e.g., those in the Imnaha and the South Fork of the Salmon Rivers), and some both
forms (e.g., many streams in the Middle Fork of the Salmon River and upper

reaches of the Salmon River). These designations persist in spite of the observation
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temperature. Alternatively, some degree of reproductive isolation between the two
forms might develop following expansion into the new area.

The second hypothesis is that spring- and summer-run fish are two
independent evolutionary units, and the reason both forms are sometimes found in
the same stream is that two colonization events occurred. Under this hypothesis,
habitat suitable for summer-run fish is unlikely to be adequate for spring-run fish
(and vice versa); therefore, such habitat can only be colonized by fish of the
appropriate run-time from another area.

Both hypotheses are consistent with the idea that environmental factors are
important in determining time of spawning and, therefore, time of entry into fresh
water. That is, "spring” chinook salmon return early and spawn early because the
streams they spawn in are colder and the eggs require longer incubation time;
furthermore, adverse weather conditions may reduce the success of individuals that
spawn too late in the season. In this view, "summer” fish can afford to migrate
upriver and spawn later in the season because their spawning locations, being
typlically at somewhat lower elevation, present less exacting requirements for spawn
timing and embryo development. The two hypotheses differ in their predictions
regarding the evolutionary relationships between the two forms. According to the
first hypothesis, spring- and summer-run fish from the same stream would be more
closely related to each other than either is to fish of the same run-time from other
streams, whereas the second hypothesis leads to the opposite prediction. At present,
there is insufficient information to determine which of these hypotheses is true. (It
is also possible that the first hypothesis is true in some cases and the second

hypothesis in others.)
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Rivers) arrived at Lower Granite Dam much earlier than smolts from spring-run
only or mixed streams (Matthews et al. 1990).
No apparent patterns or relationships were found in any of the other life
history characteristics examined. Additional data of this kind will be critical to
more precisely define the evolutionary relationship between Snake River spring and

summer chinook salmon in the future.

Phenotypic Characteristics

Schreck et al. (1986) compared 29 phenotypic characters (meristic, body shape,
size of fins, etc.) of wild and hatchery stocks of spring, summer, and fall chinook
salmon in the Columbia River. There were significant differences among the stocks
of chinook salmon for each of the characters. Between-year variation did not
account for the differences among stocks of chinook salmon. Characteristics of
geographically proximal stocks tended to be similar, regardless of time of freshwater
entry. Based on phenotypic and genetic characteristics, these researchers found that
spring chinook salmon stocks are more similar to stocks with different run-timing
that originate on the same side of the Cascade Range than to other spring chinook
salmon from the other side of the range. Spring chincok salmon from west of the
Cascade Range were more similar to fall chinook salmon from the same or nearby
streams; spring chinook salmon from the Salmon River had stronger affinities to
summer chinook salmon from the same river than to spring chinook salmon from
west of the Cascade Range. Similarly, two groups of summer chinook salmon were
identified. Populations in the upper Columbia River aligned with fall chinook
salmon stocks of the middle and lower Columbia River, whereas populations from

the Salmon River aligned with spring chinook salmon stocks in Idaho. These
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were released into nonnative streams within the Basin include Rapid River, McCall,
Sawtooth, Lookingglass, Pahsimeroi, Hayden Creek, and Imnaha.

Many millions of eggs, fry, or smolts as well as many adults have been
released directly from hatcheries or placed into other streams or drainages over the
last 30-40 years. These outplantings are summarized in Appendix 1 List B. A brief
report for each principal subbasin follows.

The Tucannon River subbasin received only two small plantings of nonnative
fish: 16,000 Klickitat stock and 10,500 Willamette stock spring chinook salmon fry,
in 1962 and 1964, respectively.

The native runs of chinook salmon in the Clearwater River subbasin were
nearly, if not totally, eliminated by hydropower development. In 1927, Island Power
and Light Company built a dam on the river near its mouth at Lewiston, Idaho.
From 1927 through 1940, inadequate adult fish passage in the dam’s fish ladder
virtually eliminated salmon runs into the basin (CBFWA 1990). Fulton (1968)
stated the dam "prevented passage" during the 14-year period, but the area above
the dam was subsequently made available to salmon by improvements to the
fishway in 1940. He further stated that chinook salmon returning since then were
from "re-stocking.” Holmes (1961) provided a detailed record of fish passage at the
dam. Spring and summer chinook salmon were observed during only 3 years prior
to 1950, after which counts were conducted annually. Counts of 311 and 102 spring
and/or summer chinook salmon were reported in 1928 and 1929, respectively. In
1938, only two fish were counted. When counting resumed in 1950, seven chinook
salmon were observed passing the dam during the time period typical for spring- or
summer-run fish. Some or all of these fish could have been from either restocking
or straying (Chapman et al. 1991) (see discussion below). The dam was removed in
1973. Harpster Dam on the South Fork of the Clearwater River blocked chinook

salmon runs into this tributary (CBFWA 1990). Finally, the construction of
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released from nearby hatcheries over many years, no tags were found during carcass
checks on any of the wild streams®. Moreover, tagged fish from one hatchery rarely
appeared at another hatchery, except where traps prevented possible wandering
adults from leaving a hatchery once they entered. The only exceptions occurred in
the Grande Ronde River during 1986 and 1987. About 60% of the releases of
Lookingglass/Carson stock released into the main Grande Ronde River were
recovered in wild fish areas of the Minam and Wenaha Rivers. The reasons for this
apparent anomaly are unknown.

Studies of straying of wild spring/summer chinook salmon have not been
conducted. However, we have no reason to believe they would be any higher (and,

more likely, they would be lower) than for hatchery-reared fish.

Genetics

Protein electrophoresis has been effectively used to study population structure
in anadromous Pacific salmon since the early 1970s, and allele frequency
information for Snake River spring chinook salmon has been available for over a
decade (Milner et al. 1981). A number of more recent studies (Schreck et al. 1986;
Utter et al. 1989; Winans 1989; Waples et al. 1991) have considerably expanded the
geographic coverage, and development of additional genetic markers has increased
the sensitivity of the technique. Significant findings of these genetic studies can be
summarized as follows:

1) On a broad scale, Columbia River populations can be grouped into three
clusters (Fig. 5): a) spring- and summer-run fish from the Snake River and spring-
run fish from the mid- to upper-Columbia River, b) spring chinook salmon from the

Willamette River, and c) fall chinook salmon. The third cluster also includes some

*NMFS personnel recently recovered on the Secesh River one adult that was
tagged as a juvenile at Rapid River Hatchery.
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samples from 11 spring and summer chinook salmon populations in the Snake River
Basin, including the four populations examined by Utter et al. (1989). This result
presumably reflects the greater sensitivity in the latter analysis provided by the
increased number of genetic characters examined.

The results obtained by Waples et al. (1991) demonstrate that some
population subdivisions can occur at the level of individual streams. That is, the
authors were able to reject the hypothesis that all samples (or any pair) were drawn
from a single, random mating population. For example, in the South Fork of the
Salmon River, the frequency of the variant ("83") allele at the gene locus ADA-1 was
0.154 in the Secesh River but only 0.015 in nearby Johnson Creek (Waples et al.
1991). It is highly improbable (P < 0.001) that both samples could have been drawn
from the same population; furthermore, the two samples also differed significantly at
10 other gene loci. Thus, although the mouths of Johnson Creek and the Secesh
River are close to each other in the same drainage, there is genetic evidence for
restricted gene flow between the two populations.

For perspective, it should be noted that it is not inevitable, even using a
large number of loci, that significant genetic differences will be found between
samples. For example, allele frequency differences between spring chinook salmon
from Carson, Leavenworth, and Little White Salmon Hatcheries are so minor that
they can be attributed to random error in drawing the samples (NMFS and WDF,
unpublished data). This result presumably reflects the frequent transfers of fish or
eggs between these facilities. Nonsignificant tests comparing allele frequencies over
all gene loci are also commonly found in comparisons of temporally-spaced samples
from the same population. Waples et al. (1991) reported such a result for two

samples from Rapid River Hatchery and two from McCall Hatchery.
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result presumably reflects the effects of repeated releases of fish from Carson stock
and elsewhere into Catherine Creek in the last decade (see Stock Histories section).

Relatively little genetic information is available for chinook salmon from the
Clearwater Basin. Waples (1990) found that Kooskia Hatchery, which has received
fish from a variety of stocks, is genetically closest to samples from Carson stock
spring chinook salmon hatcheries. In contrast, Red River, which has been heavily
supplemented with Rapid River stock, is very similar genetically to spring chinook
salmon samples from Rapid River Hatchery and the upper Salmon River. In 1989,
William Miller of the U.S. Fish and Wildlife Service at Dworshak Hatchery provided
NMFS with 11 adult and 19 juvenile chinook salmon taken from the White Sands
Creek area of the upper Lochsa River. He suggested that genetic analysis might
help resolve speculation that a remnant population of spring chinook salmon persists
in the stream. Results of that analysis were inconclusive (Waples 1989). The
possibility that genetic characteristics of the White Sands fish differ somewhat from
those of other Snake River chinock salmon could not be ruled out, but such
differences could not be convincingly demonstrated given the small number of

individuals available for analysis.

DISCUSSION AND CONCLUSIONS
Differences in Run-timing
Schreck et al. (1986) and Utter et al. (1989) suggested that neither spring-,
summer-, nor fall-run chinook salmon represent monophyletic lineages in the Pacific
Northwest. Both reports state that, in general, geographic proximity was a more
important factor than run-timing in predicting similarities between stocks. Thus,
fish with different run-times from the same area were typically more similar than

were fish from different areas with the same run-timing. This pattern suggests that


joeb
Highlight





32
gene flow between the two forms in at least some localities, it is inappropriate in
ESA evaluations to treat the two forms as independent evolutionary lineages.
Therefore, NMFS will consider the two forms as a unit in determining whether they
are an ESU. This decision, however, does not imply that the two forms are not
both important. Clearly, the presence of fish with a spectrum of run- and spawn-
timing is crucial to the long-term health and viability of Snake River chinook

salmon.

Distinct Population Segments
We next address the question whether Snake River spring and summer
chinook salmon are represented by one or more ESUs. If they are not an ESU,
then presumably they are part of a larger ESU that would have to be defined. To
be considered an ESU, and hence a "species” under the ESA, a population (or group
of populations) must satisfy two criteria: it must be reproductively isolated, ‘and it
must contribute substantially to the ecological/genetic diversity of the biological

species,

Reproductive Isolation

The most compelling evidence in support of reproductive isolation in
anadromous salmonid populations is their ability to return with high fidelity to their
natal streams to reproduce. This is particularly true for upriver populations such as
Snake River spring and summer chinook salmon (Chapman et al. 1991). The great
distances that these fish travel to return to their natal streams tend to reduce the
likelihood of straying from other major river systems outside the Snake River. All

available tagging evidence supports the notion that virtually no straying of Columbia
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localities, with one group including those from the Imnaha and Grande Ronde
Rivers and the other including those from the Salmon River. Both groups were
quite distinct from other localities in the Columbia River Basin. Phenotypic data
also indicate that the populations are structured geographically. The fact that
juvenile migration behavior is the same for spring and summer chinook salmon in
the Snake River, but different for these two forms in the upper Columbia River,
strongly implies ecological/genetic differences between the regions. The precision
required to migrate great distances from different natal streams and tributaries and
return with high fidelity and exact timing to start the next generation 1 to 3 years
later speaks of biological entities that are highly adapted to their particular
environments. The differences detected by protein electrophoresis between Snake
River spring/summer chinook salmon and chinook salmon in the lower and
mid-Columbia River Basin may be an indication of adaptive genetic differences at
parts of the genome not sampled by protein electrophoresis. By comparison, the
genetic differences found between different spring and summer chinook salmon
populations within the Snake River are rather modest.

The habitat occupied by spring/summer chinook salmon in the Snake River
appears to be unique to the biological species. In contrast to coastal mountains and
the Cascade Range, the Snake River drainage is typified by older, eroded mountains
with high plateaus containing many small streams meandering through long
meadows. Much of the area is composed of batholithic granite that is prone to
erosion, creating relatively turbid water with higher alkalinity and pH in comparison
to the Columbia River (Sylvester 1959). The region is arid with warm summers,
resulting in higher annual temperatures than in many other salmon production

areas in the Pacific Northwest. These characteristics combine to produce a highly
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between some population segments within the Snake River Basin, we emphasize
that the viability of the proposed ESU is strongly dependent on the continued
existence of healthy populations throughout its area. This latter provision is also
consistent with published agency policy.

In determining the nature and extent of the ESU for Snake River spring and
summer chinook salmon, it is also necessary to consider the effects of artificial
propagation and stock transfers. In general, introduced salmon populations will not
be considered for protection under the ESA (Waples 1991, Section IIIG), and changes
caused by artificial propagation or hybridization may also erode qualities by which a
population is recognized as distinct (Waples 1991, Section IIIC).

As discussed above and documented in more detail in the Appendix, there is
a long history of human efforts to enhance production of chinook salmon in the
Snake River Basin through supplementation and stock transfers. Less well
understood is the extent to which these efforts have altered the genetic makeup of
indigenous populations. In a recent review of studies assessing the success of efforts
to supplement salmonid populations, Hindar et al. (in press) found evidence in some
cases that hatchery-reared fish had interbred with native fish, but they also found
cases in which repeated supplementation has had no detectable genetic effect on the
indigenous population.

Considering Snake River spring and summer chinook salmon in this light,
there are a number of streams in most basins without any recorded history of
outplanting, and others (e.g., the Tucannon and Imnaha Rivers and Capehorn Creek
in the Middle Fork of the Salmon River) that have been planted with only a
minimal number of nonindigenous fish. Presumably, genetic characteristics of fish

in these areas have been essentially unchanged by artificial propagation.
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During this century, man’s activities have resulted in a severe and continued
decline of the once robust runs of Snake River spring and summer chinook salmon.
Nearly 95% of the total reduction in estimated abundance occurred prior to the
mid-1900s. Over the last 30-40 years, the remaining population was further reduced
nearly tenfold to about 0.5% of the estimated historical abundance. Over the last
26 years, redd counts in all index areas combined (excluding the Clearwater River)
have also shown a steady decline. This is in spite of the fact that all in-river
fisheries have been severely limited since the mid-1970s (Chapman et al. 1991).
The 1990 redd count represented only 14.3% of the 1964 count.

To obtain insight into the likely persistence times of the ESU given present
conditions, we applied the stochastic extinction model of Dennis et al. (1991) to a
33-year record of redds counted in index areas. The 33-year period is the longest
possible, as redd counting in the Snake River began in 1957. We examined both
sets of redd counts described previously: a 33-year series excluding the Grande
Ronde River and a 26-year series that began with the first count of redds in the
Grand Ronde River in 1964. We feel it is prudent to include the Grande Ronde
River in at least part of the analysis because it has contributed between 10 and
20% of the total number of redds in the Snake River since 1964. Five-year running
sums of redd counts (hereafter referred to as the "index value") were used to
approximate the number of redds in single generations. These index values were
the input data for the Dennis model; output was the probability that the index
value would fall below a threshold value in a given time. An "endangered”
threshold was defined as the index value at which the probability of reaching

extinction (index value < 1) within the next 100 years is 5%; a "threatened”
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Table 1.--Extinction statistics for Snake River spring/summer chinook salmon
based on redd counts in index areas excluding the Grande Ronde River
from 1967 to 1990 and including the Grande Ronde River from 1964 to
1990. Results are based on the model of Dennis et al. (1991).

1957 to 1990 1964 to 1990

Mean -0.06199 -0.05486

Variance 0.02649 0.02765

N, 8,456 10,258

N, 7,065 3,720

N, 15,474 7,730

P, (100) 0.032 <0.001

P, (10) 0.943 0.270

Mean = infinitesimal mean.

Variance = infinitesimal variance.

N, = current index value.

N, = "endangered” threshold (the index value at which the probability of
of reaching extinction within the next 100 years is 5%).

N, = "threatened" threshold (the index value at which the probability of
reaching the "endangered” threshold within the next 10 years is
50%).

P, (100) = probability of reaching N = 1 within the next 100 years.

P, (10) = probability of reaching N = N, within the next 10 years.
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individual subpopulations may be greater still, and the short-term projections
indicate a continuation of the downward trend in abundance. We do not feel the
evidence suggests that the ESU is in imminent danger of extinction throughout a
significant portion of its range; however, we do feel it is likely to become endangered

in the near future if corrective measures are not taken.
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Appendix 1 List A
Summary of Life History Characteristics for Wild Spring

and Summer Chinook Salmon of the Snake River Excluding
the Clearwater River

1. Age at spawning

a.

Tucannon River: data limited; mostly 2-ocean adults (Howell et al.

1985).

Grande Ronde River: varies by stream, but 2-ocean adults tend to
predominate (Howell et al. 1985).

South Fork Salmon River: extremely variable; 2-ocean adult returns were
always higher than 3-ocean adult returns from 1960 to 1967 (Howell et al.
1985); jacks (1-ocean males) predominated during two of those years.
Middle Fork Salmon River: 2-ocean male and 3-ocean female adults
predominate (Howell et al. 1985); tend to return as 3-ocean adults (CBFWA
1990).

Upper Salmon River: 3-ocean adults predominated during the early 1960s,
especially in females (Howell et al. 1985).

Imnaha River: from 1961 through 1976, adult returns averaged 5% jacks,
44% 2-ocean, and 50% 3-ocean (Howell et al. 1985); in 1984, only 37% of

sampled fish were 3-ocean (Carmichael and Messmer 1985).

2. Sex ratio

a.

b.

Tucannon River: female/male 1:1 in 1986 and 1.2:1 in 1987 (CBFWA 1990).
Grande Ronde River: information limited and questionable due to recovery
techniques (trapping only portions of runs). In 1982 and 1983, female/male

1.2:1 and 1.9:1, respectively (Howell et al. 1985).
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Appendix 1 List A--Continued.
4. Egg to smolt survival
a. Tucannon River: 13% for 1985 brood year (CBFWA 1990); 14% for 1987
brood year (Bugert et al. 1990).
b. Grande Ronde River: varied from 6 to 19% from 1965 through 1969 (Howell
et al. 1985).
¢. South Fork Salmon River: no information.
d. Middle Fork Salmon River: no information.
e. Upper Salmon River: from 1965 through 1974, averaged 9.7% for Lemhi
River (CBFWA 1990).
f. Imnaha River: no information.
5. Smolt to adult survival
No data are available for individual streams or drainages. However, Raymond
(1979) estimated 4-5% smolt-to-adult survival for wild smolts arriving at Ice
Harbor Dam from 1966 to 1968. From 1969 to 1975, survival ranged from 0.4 to
3.5%. These estimates do not take into account any smolt mortality between
rearing areas and the first dams.
6. Smolt migration timing at dams
a. Tucannon River: no information.
b. Grande Ronde River: in 1989, smolts at Lower Granite Dam between early
May and late June, peaking about 9 June (Matthews et al. 1990).
¢. South Fork Salmon River: in 1989, smolts at Lower Granite Dam from early
April through June, with peaks on 25 April and 10 May (Matthews et al.
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Appendix 1 List A--Continued.
May and for summer chinook salmon, expected to be from June through July
(CBFWA 1990).
e. Upper Salmon River: same as for Middle Fork Salmon River (CBFWA 1990).
f. Imnaha River: adults pass Bonneville Dam from mid-April through July
{Howell et al. 1985).
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Appendix 1 List B--Continued.

Squaw Creek -- no outplants since 1978
-- 191,000 spring chinook from Mullan in 1978
-- 74,700 spring chinook from Rapid River (69.8%) and Sandpoint
(40.2%) from 1972 to 1973

Warm Spring Creek -- no outplants since 1962
-- 250,800 fall chinook from Oxbow in 1962

Wendover -- no outplants since 1970
-- 7,000 spring chinook from Rapid River/Sweetwater in 1970

White Sands Creek -- 2.45 million spring chinook from five stocks, of which
2.2 million (91.1%) were released from 1986 to 1989

Selway River System
Bear Creek -- no outplants since 1969
-- 2 million spring chinook from Carson from 1963 to 1969

-- 390,985 spring/summer chinook from Sweetwater/Salmon stock in
1962

Deep Creek -- no outplants since 1980
-- 1.5 million spring chinook mainly from Indian Creek (64.7%) and
Carson (31.2%) were released prior to 1981

Goat Creek -- no outplants since 1969
~- 50,688 spring chinook from Carson in 1969

Indian Creek -- no outplants since 1975
-- 9.6 million spring chinook from six stocks prior to 1976

Moose Creek — no outplants since 1973
-- 316,465 spring chinook mainly from Carson (82.7%) prior to 1974

Running Creek -- no outplants since 1970
-- 2.1 million spring chinook from four stocks from 1965 to 1970
-- 570,162 spring/summer chinook from Salmon stock in 1964

Selway River - no outplants since 1980
-- 11 million spring chinook from 7 stocks from 1969 to 1980
-- 501,134 fall chinook from Spring Creek in 1961
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Appendix 1 List B.--Continued.

Main Stem of the Clearwater River

Clear Creek -- 5.5 million spring chinook mainly from Kooskia (94.4%) between 1978
and 1989
-- 833,186 spring chinook from Kooskia prior to 1977

Clearwater River -- no outplants since 1987
-- 3.0 million spring chinook mainly from Dworshak (75.3%) from
1983 to 1987
-- 73,234 spring chinook from Kooskia in 1978

Eldorado Creek -- 717,275 spring chinook from three stocks from 1986 to 1989

Elk Creek -- no outplants since 1968
-- 56,960 spring chinook from Carson in 1968

Lolo Creek -- 444,489 spring chinook from three stocks from 1986 to 1989
-- 104,500 spring chinook in 1977

Middle Fork of the Clearwater -- no outplants since 1981
-- 4,75 million spring chinook from Kooskia from
1974 to 1979
-- 373,450 fall chinook from Mullan in 1967

North Fork of the Clearwater -- 8.1 million spring chinook from Dworshak from
1982 to 1989

Grande Ronde River System
(1980-88)

Big Canyon Creek - 542,288 spring chinook from Carson (65.5%) and
Lookingglass/Carson (34.4%) from 1984 to 1988

Catherine Creek -- 1.1 million spring chinook mainly from Carson from 1982 to 1988

Lookingglass Creek -- 7.1 million spring chinook mainly from Carson (64.9%) and
Rapid River (22.7%) from 1980 to 1988
- 123,530 summer chinook from Imnaha (with Erythrocytic
Inclusion Body Syndrome) in 1987

Grande Ronde River -- 379,450 spring chinook from Carson in 1986
Upper Grande Ronde River -- 111,711 spring chinook from Lookingglass/Carson in

1987
- 502,642 spring chinook from Carson in 1984
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Little Salmon River -- 302,140 (99.6%) spring chinook from Rapid River from 1988
to 1989

North Fork -- 45,360 spring chinook from Rapid River in 1977

Pahsimeroi River -- 1983-89--4 million (61.0%) outplants of which 52.4% were spring
chinook and 47.6% were summer chinook; 1984-86--the stock
was Pahsimeroi; 1983,87-89--the stock was a mixture of
Pahsimeroi and South Fork

-- 2.6 million were released from 1970 to 1978 of which 10.3%

were spring chinook and 89.7% were summer chinook and all
were Pahsimeroi stock

Pahsimeroi River (William Creek) -- 72,090 spring chinook from Pahsimeroi in 1979

Panther Creek -- two outplantings--46,306 spring chinook from Rapid River in 1977
-- 3,383 spring chinook adults from Pahsimeroi in 1986

Rapid River -- 53.6 million spring chinook from Rapid River from 1966 to 1989, of
which 15 million (28.2%) from 1984 to 1989

Salmon River (Idaho County) -- 8,371 spring chinook from U.S. Hagerman (81.5%)
and Rapid River (18.5%) stocks from 1973 to 1974

Valley Creek -- 102,934 spring chinook from Salmon River stock in 1978
West Fork (SR) -- 618,120 spring chinook from Rapid River from 1977 to 1978
Yankee Fork -- 1.7 million spring chinook mainly from Sawtooth (70.1%) and

Pahsimeroi (22.6%) stocks from 1978 to 1989, of which 1.65 million
(95.6%) were from 1985 to 1989

Main Sal River.-si Stanl
Alturas Lake Creek -- 51,000 spring chinook from Sawtooth in 1989
Beaver Creek -- 10,447 spring chinook from Rapid River in 1974
-- 19 adults from Sawtooth released in 1985
-- 27,800 spring chinook eggs from Sawtooth in 1987
Frenchman Creek -- 44 spring chinook adults from Sawtooth from 1987 to 1988

Pole Creek -- 95,500 spring chinook from Sawtooth from 1988 to 1989
-~ 32 adults from Sawtooth were released in 1988
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Batholith
A large mass of igneous rock bounded by irregular, cross-cutting surfaces or
planes, believed to have crystallized at a considerable depth below the earth’s
surface.

Bypass Systems

Juvenile salmonid bypass systems consist of moving screens lowered into
turbine intakes to divert fish away from turbines at hydroelectric dams. Fish move
into a channel that transports them safely around the dam. Bypassed fish are then
typically returned directly to the river below the dam, although some Columbia
River Basin dams have facilities to load bypassed fish into barges or trucks for
transport to a release site downstream from all the dams.

PIT-tag detectors (see below) interrogate all PIT-tagged fish passing through
the bypass system. In addition, the systems are equipped with subsampling
capabilities that allow hands-on enumeration and examination of a portion of the
collection for coded-wire tags (CWT), brands, species composition, injuries, etc.
Recovery information at bypass systems is used to develop survival estimates, travel
time estimates, and run timing; to identify problem areas within the bypass system;

and as the basis for flow management decisions during the juvenile migrations.

Coded-Wire Tags

Coded-wire tags (CWT) are tiny pieces of wire which are implanted in the
cartilage in snouts of juvenile salmon. Each tag is notched with a binary code that
identifies the fish with a particular release group. CWTs are inserted into the snout

using a tagging machine. A head mold, which is sized for the fish being tagged,
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provides one way of visualizing similarities between different groups or samples); ¢
gene (the basic unit of heredity passed from parent to offspring); gene locus (pl.
loci; the site on a chromosome where a gene is found); genetic distance (a
quantitative measure of genetic differences between a pair of samples); and

introgression (introduction of genes from one population or species into another).

Fecundity
Fecundity is the reproductive potential of an individual and is equal to its
capacity to produce eggs and sperm. In salmon, it generally refers to the number of

eggs produced by a female.

Hatchery

Salmon hatcheries use artificial procedures to spawn adults and raise the

-~

resulting progeny in fresh water for release into the natural environment, either
directly from the hatchery or by transfer into another area. In some cases, fertilized
eggs are outplanted, but it is more common to release fry (young juveniles) or
smolts (juveniles that are physiologically prepared to undergo the migration into
salt water).

The brood stock of some hatcheries is based on the adults that return to the
hatchery each year; others rely on fish or eggs from other hatcheries, or capture

adults in the wild each year.

PIT Tags

Passive integrated transponder (PIT) tags have been developed to monitor the
movements of anadromous salmonids primarily through juvenile bypass systems or
adult fish ladders at dams. In contrast to radio tags, which have a battery that

eventually will cease to function, PIT tags contain a small computer chip that
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identify the minimum viable population size (MVP)--that is, the smallest number of
individuals that will allow the population to persist for a specified amount of time
(t) with a specified degree of certainty (P). There is no purely scientific way of
choosing optimal values for ¢ and P, but combinations most commonly suggested in
the literature are ¢ = 100 years and P = 95% probability or, more conservatively,
¢t = 1,000 years and P = 99% probability.

Some detailed PVA models have been described in the literature, but they
generally require types of data [e.g., means and variances (over a number of years)
of sex ratio, fecundity, and age-specific survival rates] not typically available for
Pacific salmon. In the current ESA evaluations, the BRT used the stochastic
extinction model of Dennis et al. (1991) to provide some idea of the likely status of
the population in the future. A major advantage of the Dennis model is its
simplicity, requiring as input only a time series of abundance data. Predictions are
obtained by taking the current state of the population and projecting it into the
future, based on the assumption that future fluctuations in population abundance
are determined by parameters of the population measured in the recent past.
However, the simplicity of the model also means that it may fail to capture some
important aspects of population dynamics. In particular, it does not take density-
dependent factors into consideration. Nevertheless, the model is useful for
1dentifying outcomes that are likely if no protective measures are taken.

The Dennis model can be used to identify "extinction" and "threatened"
thresholds to compare with the current abundance of a population. In this
evaluation, the BRT identified an "endangered” threshold as the abundance at which
the population was estimated to have a P = 95% chance of surviving for ¢ = 100

years. Populations whose current abundance was above the "endangered” threshold
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