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EXECUTIVE SUMMARY

In 2000, the Population Identification Subcommittee of the Willamette/Lower Columbia
Technical Recovery Team (WLC-TRT) convened to review information relevant to the
identification of historical, demographically independent populations of chinook salmon
(Oncorhynchus tshawytscha), chum salmon (O. keta), and steelhead (O. mykiss) within their
recovery domain. This document presents the preliminary conclusions of the subcommittee.
Providing the TRT with an historical perspective is seen as an essential first step in developing
delisting criteria as part of an overall recovery strategy.

The historical population boundaries and designations provided are intended to be
representative of the range and diversity of populations for each species in the listed
evolutionarily significant units (ESUs), not necessarily an exact reconstruction. Furthermore, the
population boundaries presented delimit the basin area used by spawning adults from each
population. It is understood that many of the populations share areas for juvenile rearing,
migration corridors, and ocean feeding. Understanding the historical structure of populations,
their abundance, and life-history characteristics provides a framework for understanding the
present status of populations, the changes that have affected them, and, potentially, the necessary
actions that may be necessary to restore them.

In general, historical documentation on the life-history characteristics, distribution, or
abundance of populations prior to 1940 is extremely limited. Although considerable biological
information was gathered during the last three decades, it is difficult to relate the biological
characteristics of existing populations to those that existed historically in the same basins. This
dilemma is primarily due to the widespread transfer of eggs and fry between watersheds by state
and federal agencies during the last 100 years. Genetic information is similarly affected by
artificial-propagation activities, except in those few basins where there has been little or no
activity. Homing fidelity was examined to estimate the extent of adult migrations between
spawning aggregations. Within a basin, temporal differences in return migration and spawning
timing provided a mechanism for establishing demographically (and reproductively) isolated
populations.

The TRT relied heavily on geographic and ecological information to establish proposed
population boundaries. Where possible, the geographically determined population boundaries
were verified using information from extant populations with minimal hatchery impacts.
Geographic information was also useful in identifying barriers (such as cascades or falls) that
limit accessibility to upper watershed areas to specific seasons or water-flow events.

For chinook salmon, 30 demographically independent populations (21 fall/late-fall run, 9
spring run) may have historically existed in the Lower Columbia River ESU. In the Upper
Willamette River ESU, seven demographically independent populations were thought to have
existed historically. In many cases, it is difficult to identify distinct population boundaries;
however, subpopulations were provisionally designated to promote further analysis and review.
Geographic and ecological factors were important in designating populations. An important tool
developed for chinook salmon was the use of the geographic template. Analysis of chinook
salmon populations with minimal out-of-basin influence, suggested that discrete basins

X
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encompassing more than 250 km? appeared capable of maintaining genetically distinct
populations, which suggested demographic independence. Additionally, life-history traits
(especially run-timing) were useful in identifying some populations.

Twenty-four historical, demographically independent steelhead populations (18 winter
run, 6 summer run) are thought to have existed historically in the Lower Columbia River ESU.
Additionally, five demographically independent populations were thought to have existed in the
Upper Willamette River ESU. In general, both historical and current biological information was
less available for steelhead than for chinook salmon. Criteria employed to designate the steelhead
population boundaries were similar to those used for chinook salmon. Some TRT members felt
that because steelhead utilize more side-channel habitat than chinook, ascend farther upstream in
most tributaries, and reside longer in their natal freshwater habitat, the geographic template size
for distinct steelhead populations would be smaller than for chinook salmon.

Of the three species examined, information on historical and existing chum salmon
populations is the most limited. Much of the structure of historical chum salmon populations in
the Columbia River ESU was inferred using population boundaries derived for fall-run chinook
salmon. Consideration was given to the limited ability of chum salmon to ascend in-stream
obstacles and the relative preference of chum salmon for mainstem reaches or the lower reaches
of tributaries. It is estimated that 17 demographically independent populations of chum salmon
existed historically in the Columbia River.



1t is apparent then that one of the first requirements of a sound
conservation program must be the determination of the extent to which
the species to be conserved is broken up into local populations. The
defining of specific populations is concerned to a considerable extent
with the determination of the geographical limits occupied by each.

—Willis H. Rich, 1939
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1. INTRODUCTION

The Willamette/Lower Columbia Technical Recovery Team’s (WLC-TRT) goal is to
identify historical and extant independent populations of salmonids in listed evolutionarily
significant units (ESUs). Understanding the size and spatial extent of populations is critical for
the viability analyses, which are a necessary step in recovery planning and conservation
assessments for any species. The Washington Department of Fisheries (WDF) et al. (1993)
identified Salmon and Steelhead Stock Inventory (SASSI) stocks of salmonids in Washington
State and the Oregon Department of Fish and Wildlife (ODFW) (Kostow 1995) identified
populations in Oregon. It is likely that, in many cases, the populations we identify will be the
same as those identified by state agencies and tribal governments. Alternatively, different
population identifications may result from several inherent differences in the population
definitions employed and underlying management purpose with each classification scheme. It is
also possible that, in the end, we will not be left with a single classification scheme for
populations, but a few equally likely scenarios that can then be analyzed as part of recovery
planning.

The populations ultimately identified are the demographically independent units for
which viability will be estimated. These populations are the independent groups of fish whose
historical and present condition will be characterized in future papers. For each population, we
will describe numbers and productivity of salmon, life-history and phenotypic diversity, and
spatial distribution of spawning and rearing groups. In addition, we will estimate the habitat
capacity for each population under historical and present conditions. In the ultimate recovery
goals expressed, the populations identified in this document will be those considered when
answering the question: “How many and which populations are necessary for the persistence of
the ESU?”

1.1 Definition of a Population

The definition of a population that we apply is defined in the viable salmonid population
(VSP) document prepared by National Marine Fisheries Service (NMFS) for use in conservation
assessments for Pacific salmonids (McElhany et al. 2000). In the VSP context, NMFS defines an
independent population much along the lines of Ricker’s (1972) definition of a stock. That is, an
independent population is a group of fish of the same species that spawns in a particular lake or
stream (or portion thereof) at a particular season and which, to a substantial degree, does not
interbreed with fish from any other group spawning in a different place or in the same place at a
different season. For our purposes, not interbreeding to a “substantial degree” means that two
groups are isolated to such an extent that exchanges of individuals among the populations do not
substantially affect the population dynamics or extinction risk of the independent populations
over a 100-year time frame (McElhany et al. 2000). The exact level of reproductive isolation that
is required for a population to have substantially independent dynamics is not well understood,
but some theoretical work suggests that substantial independence will occur when the proportion
of a population that consists of migrants is less than about 10% (Hastings 1993). Thus,
independent populations are units for which it is biologically meaningful to examine extinction
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risks that are intrinsic factors, such as demographic, genetic, or local environmental stochasticity.
In general, the isolation conditions necessary to maintain demographic independence are not as
strict as the conditions to maintain reproductive or genetic independence at the population level.

Structure Below and Above Population Level

Just as there may be substructuring within a population, there may be structure above the
level of a population. This is explicitly recognized in the designation of an ESU. An ESU may
contain multiple populations that are connected by some small degree of migration; however, a
population cannot be larger than an ESU. Thus, organisms can be grouped in a hierarchical
system in which we define the levels of individual, subpopulation, population, ESU, and finally
species. Other hierarchical systems with more or fewer levels could be constructed. Though
reproductive isolation forms a continuum, it is probably not a smooth continuum, and there exists
a biological basis for designating a hierarchy of subpopulations, populations, and ESUs.

A population is described as a group of fish that is reproductively isolated “to a
substantial degree” (McElhany et al. 2000). As a criterion for defining fish groups, the degree of
reproductive isolation is a relative measure, however, and can vary continuously from the level
of fish pairs to the degree of reproductive isolation separating species. The population defined
here is not, therefore, the only biologically logical grouping that can be constructed. Below the
level of the population, for example, there will often be groups of fish that are to some degree
reproductively isolated from other fish groups within the population, but are not sufficiently
isolated to be considered independent by the criteria adopted here. These fish groups are referred
to as subpopulations. Few populations have been studied sufficiently in depth to characterize
their component subpopulations. The existence and interaction of subpopulations can have
important consequences for characterizing a VSP, and population spatial structure is proposed as
one of four key parameters for eventually evaluating the status of a population. Furthermore,
subpopulations play an important role in the sustainability and evolution of populations.

Independent populations will generally (but not always) be smaller than a whole ESU and
will generally inhabit geographic ranges on the scale of whole river basins or major subbasins
that are relatively isolated from outside migration.

1.2 Conceptual Approach to Identifying Populations

Indicators of Population Structure

The definitive information needed to identify populations is intergroup migration rates
and the demographic consequences of those migration rates. In practice, information on straying
of salmon between streams is rarely available. Our approach in identifying population structure
is to use diverse sources of information that are proxies for understanding the degree of
reproductive isolation between groups of fish. Each type of information contributes to our
understanding of population boundaries, but none alone provides us with much confidence in our
answer. Below, we briefly outline the different information sources we use to help us in
identifying salmon populations. They are discussed in order of the strength of inference we
believe it is possible to make about population structure from each indicator, beginning with
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relatively high inference that can be made with geographic and migration-rate indicators.
Depending on the particular data quality and the genetic and demographic history of salmon in
different regions, the usefulness of these indicators in any one area can vary.

1. Geography. The boundaries of a salmon population will be defined, in part, by the spatial
distribution of its spawning habitat. Physical features such as a river basin’s topographical and
hydrological characteristics dictate to a large degree where and when salmon can spawn and
delimit the spatial area over which a single group of fish can be expected to interact. Geographic
constraints on population boundaries (such as distance between streams) can provide a useful
starting point, but will not generally support strong inferences at a fine scale (e.g., distinguishing
separate populations within a small river basin). In addition, biogeographic characteristics and
historical connections between river basins on geological time scales can also be informative in
defining population boundaries.

2. Migration rates. The extent to which individuals move between populations will determine
the degree of reproductive isolation, and therefore demographic independence, among sites.
Estimates of stray rates are particular to the group of fish, season, and streams in which they are
made; thus, they provide useful information about straying under current conditions. In contrast,
it is not possible to obtain estimates of the magnitude of their variation over long time periods
(e.g., 100 years). Furthermore, there have been substantial changes in fish density within
populations and geographic connectivity between populations during the last century. Migration
rates are usually calculated through the recovery of tagged adults. Fish are tagged using a variety
of external tags or internal coded-wire tags (CWTs) or passive integrated transponder (PIT) tags.
Compared to mark-recapture and other direct estimates of straying, genetically based estimates
of intergroup isolation can be used to estimate straying that has occurred between fish groups,
integrated over longer time periods than direct estimates.

3. Genetic attributes. Neutral genetic markers are useful in identifying salmon populations
because they indicate the extent of reproductive isolation among groups. Neutral markers can be
difficult to interpret because patterns may reflect hatchery practices or nonequilibrium
conditions, so they should be interpreted with caution. Neutral and adaptive genetic differences
among fish groups (as indicated by quantitative traits or molecular markers) are more difficult to
document than discrete marker differences. Since the degree of isolation necessary to maintain
genetic independence is much higher than that for demographic independence, genetic
information will tend to give a more conservative measure of demographic population structure.
That is, some populations that appear to be linked genetically may be largely independent
demographically.

4. Patterns of life-history and phenotypic characteristics. Technically, only those phenotypic
traits based on underlying genetic variation (rather than environmentally induced variation) are
informative in identifying populations (defined on the basis of reproductive isolation and
demographic independence). Variations in spawning time, age at juvenile emigration, age at
maturation and ocean distribution are under some degree of genetic influence (Myers et al.

1998). Environmental conditions may restrict variability in the life-history traits expressed.
Hydrological conditions (i.e., water temperature, times of peak and low flows, etc.) influence the
time of emigration and return migration and spawning. Conditions in many rivers (especially
short coastal rivers) during the summer months do not provide suitable habitat for juvenile fish to
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extend their freshwater rearing beyond the late spring. Similarly, if habitat is not available for
returning adults to oversummer prior to spawning, the spring- or summer-run life-history
strategies would not be feasible. Phenotypic variation can be used as a proxy for genetically
based variation, and it may indicate similarities in the selective environments experienced by
salmon in different streams. In some cases, similarities in phenotype may arise independently in
distinct populations (i.e., spring run-timing or possibly resistance to the parasite Ceratomyxa
shasta). Alternatively, phenotypic differences in life-history traits between populations
(especially those that have recently diverged) could be the result of differences in habitat
utilization and geographic separation.

5. Population dynamics. Abundance data can be used to explore the degree to which
demographic trajectories of two groups of fish are independent of one another. All else being
equal, the less correlated time series of abundance are between two fish groups, the less likely
they are to be part of the same population. Complicating interpretation of correlations in
abundance between fish groups is the potentially confounding influence of correlated
environmental characteristics, such as shared ocean conditions or regionwide drought.
Additionally, harvest effects may result in correlations of abundance when distinct populations
share oceanic and inshore migratory routes. When fish groups that are in close proximity are not
correlated in abundance over time, they are not likely to be linked demographically. The reverse
is not always easy to argue—when correlations in abundance between fish groups are detected,
more work is needed to rule out confounding sources of correlation.

6. Environmental and habitat characteristics. In identifying independent, demographic
populations, environmental characteristics can influence population structure in two ways. First,
environmental characteristics can directly isolate populations. Thermal or flow conditions in a
river can create migrational barriers that prevent interactions between populations (e.g.,
Willamette Falls and Lyle Falls). Second, environmental conditions may exert a selective
influence on salmon populations, which in turn may influence the expression of life-history
characteristics. The strength of the correlation between habitat and life-history characteristics
may be related to homing fidelity and the degree to which populations in ecologically different
freshwater habitats are effectively reproductively isolated. If immigrants are less fit, they will not
contribute to the long-term demographics of the receiving population.

1.3 Identifying Historical Populations of Salmonids

The first goal of the WLC-TRT’s Population Identification Subcommittee is to identify
historical populations of salmonids in the listed ESUs. An understanding of the number,
abundance, life-history diversity, and distribution of historical populations is an important step in
formulating recovery scenarios. It is understood that the historical organization and status of
populations in an ESU were not static, but dynamic; however, the historical structure does
provide the only proven prototype of sustainability. It is not the TRT’s task to completely restore
historical conditions, but to determine, in general, the population structure necessary to restore
the needed aspects of life-history diversity, population distribution, and abundance in order to
provide for a sustainable ESU into the foreseeable future.
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Criteria for Identifying the Distribution of Historical Populations

The task of identifying historical populations in the Lower Columbia and Upper
Willamette River ESUs is challenging, because anthropogenic factors (e.g., hatchery operations,
stock transfers, harvest effects, and habitat degradation and elimination) have significantly
influenced population structure and interaction. Few extant populations in these ESUs provide
information directly relevant to the determination of historical population structure and number.
Where available, information concerning salmonid populations in the Lower Columbia and
Upper Willamette Rivers and others (primarily Puget Sound) was useful in developing a
template for the general geographic and ecological characteristics of an independent population.
A geographic template was developed to infer selective and isolating factors that may have led to
demographically independent populations (DIPs) in lieu of relevant biological information for
historical salmonid populations. In general, four criteria were used to establish the distribution of
historical populations: (1) documented historical use, (2) temporal isolation (different run or
spawn timing), (3) geographic isolation (geographic template), and (4) basin specific information
(barrier falls, etc.). In some instances, presumptive populations that did not meet the criteria for
DIPs, but exhibited one or more of the characteristics of distinct populations, were designated as
subpopulations. Subpopulation designations were intended to highlight areas where some level
of population structuring may exist and where further study should be directed, rather than
identify true biological subpopulations.

Geographic Template Criteria

For an independent population to persist in the face of environmental fluctuations it must
maintain a sufficiently large population size. Whether an independent population must contain
hundreds or thousands of individuals is still under debate, but at a minimum, hundreds of
individuals are probably necessary. One measure of the potential for a watershed to sustain an
independent population is its size. Basin size estimates were generally acquired from U.S.
Geologic Survey (USGS) stream-gauge databases (Table 1). The size of a basin and the
topography of the river to which it belongs may also influence homing accuracy. The presence of
seasonal or complete migration barrier(s) provides an added degree of reproductive isolation.

Minimum basin size was derived from the examination of other ESUs where native,
naturally produced populations (primarily chinook salmon) still exist. Additionally, boundaries
between distinct populations could be inferred where rivers diverge into distinct major
tributaries. Tributary basins, if large enough, may provide ecologically distinctive habitats and
characteristic homing (olfactory) cues that promote the establishment of independent
populations. For example, based on genetic analysis alone there are several reproductively
isolated chinook salmon groups in northern Puget Sound. The Nooksack River basin contains
two populations of chinook salmon that each represents a different Washington Department of
Fish and Wildlife (WDFW) genetic diversity unit (GDU): the North Fork (743 km?) and South
Fork (477 km?) (Marshall et al. 1995).
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Table 1. Lower Columbia River tributary basin size (km?) and distance (km) from river mouth.

Lower Columbia River ESU RKm* Basin (km?)" USGS Gauge
Lower Columbia River (coastal tributaries)
Lewis and Clark River 12.90
Youngs River 16.10 103.80 14251500
Walluski River 22.50
Klaskanine River 27.40 36.20 14252000
Chinook River 9.60 30.20 CBIC 1967
Deep River 32.30 32.40 CBIC 1967
Grays River 33.80 156.90 14250000
Big Creek 37.00 82.60 14248500
Bear Creek 40.00 8.60 14248700
Skamokawa Creek 54.70 45.00 14248000
Elochoman River 60.00 170.30 14247500
Plympton Creek 63.00
Clatskanie River 137.20 14247000
Beaver Creek
Mill Creek 85.20 73.30 14246500
Abernathy Creek 86.90 52.60 14246000
Germany Creek 90.10 59.30 14245500
Coal Creek 99.80 69.60 Hymer et al. 1992
Tide Creek
Goble Creek
Milton Creek 144.00
McNulty Creek
Scappoose Creek
Cowlitz River basins 106.20 6,420.40 14245150
Cispus River +148.00 831.00 14231900
Tilton River +102.00 403.90 14236500
Upper Cowlitz River 3,008.30 14235000
Ohanapecosh River +214.00 261.50 14224000
Toutle River +27.40 1,322.90 14242690
North Fork Toutle River (with Green River) +20.90 735.20 14241101
North Fork Toutle River (without Green River) +20.90 396.10 14241101
Green River +41.80 339.10 14241000
South Fork Toutle River +20.90 310.70 14241500
Coweeman River +12.10 308.10 14245000
Kalama River 115.80 523.00 14223600
Little Kalama River +21.90 29.80 CBIC 1967
Gobar Creek +31.40 54.90 CBIC 1967

Distances (RKm) are given from the mouth of the Columbia River to the mouth of the tributary. Distances with a
“+” sign indicate the distance from the mouth of the parent stream to branching of the tributary.

Basin sizes were obtained from information describing USGS flow-monitoring stations (where given); otherwise,
basin sizes were obtained from CIBC (1967).
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Lower Columbia River ESU RKm* Basin (km?)" USGS Gauge
Lewis River 141.00 2,718.40 CBIC 1967
North Fork Lewis River +8.00 1,892.50 14220500
Cedar Creek +25.30 143.70 CBIC 1967
Muddy River +96.70 349.50 14216350
East Fork Lewis River +8.00 390.90 14216500
Willamette River
Johnson Creek 134.10 04211550
Kellogg Creek 14211130
Clackamas River +39.90 2,4180
Mainstem and upper Clackamas River
Oakgrove Fork >310.00
Collawash River >368.00
Salmon Creek 151.20 208.90 14144000
Sandy River 193.60 1,315.00
Bull Run +25.70 277.00 14140000
Little Sandy River + 46.30 14140500
Salmon River +56.00 274.40 14135500
Zigzag River +64.40 80.30 14131500
Washougal River 194.90 279.60 14143500
Mainstem Washougal River
Little Washougal River +9.10 60.10 14144000
West Fork Washougal River +23.10 78.50 14143000
Columbia Gorge tributaries
Mainstem Columbia River
Bridal Veil Creek
Wahkeena Creek
Hardy Creek 228.20 CBIC 1967
Hamilton Creek 229.00 30.50
Multnomah Creek
Moffer Creek
Tanner Creek
Eagle Creek 236.50
Rock Creek 243.00 106.10 CBIC 1967
Herman Creek 243.00
Gorton Creek
Viento Creek
Lindsey Creek
Phelps Creek
Wind River 249.40 582.50 14128500
Panther Creek +6.90 106.10 CBIC 1967
Trout Creek +17.40 78.40 CBIC 1967
Little White Salmon 260.70 346.96 14125500
Big White Salmon River 270.30 696.40 14123000
Rattlesnake Creek +12.10 144.20 CBIC 1967
Trout Lake Creek +41.80 179.40 CBIC 1967
Hood River 271.90 722.30 14120000
East Fork Hood River summer run +18.50 279.60 14115500
West Fork Hood River summer run +18.50 247.50 14118500
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Figure 1. Environmental Protection Agency (EPA) Level III ecoregions for the Lower Columbia and
Upper Willamette Rivers.

Within the Stillaguamish River basin (1,774 km?), the North Fork drainage covers 738
km? and contains a population of chinook salmon with significant genetic and life-history
differences relative to chinook salmon in the main stem and South Fork (Marshall et al. 1995).
The Skagit River basin is the largest in Puget Sound (8,270 km®, slightly larger than the Cowlitz
River basin), and may presently contain as many as six DIPs. Historically the Skagit could have
contained an additional two or three (now extinct) independent populations (WDF et al. 1993).
The Puget Sound Technical Recovery Team (PSTRT 2001) identified three spring-run
populations in the Skagit River basin: the Cascade, Suiattle, and Upper Sauk spring-run stocks,
which originate from basins with areas of 390, 873, and 762 km?, respectively. Other basins that
may have historically contained independent populations all have basin areas larger than 250
km? (e.g., North Fork Skokomish [304 km®] and Dungeness River [524 km? ]). Basin
productivity depends on a variety of factors other than size; however, it would require special
circumstances for rivers with basin areas smaller than 250 km® to sustain a population large
enough to be demographically independent under variable environmental conditions. Differences
in life-history characteristics among chinook and chum salmon and winter- and summer-run

steelhead probably significantly influence the minimum basin size described above. These

differences will be discussed below in the appropriate species sections.
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Ecological Information

The fidelity with which salmonids return to their natal stream implies a close association
between a specific stock and its freshwater environment. The selective pressures of different
freshwater environments may be responsible for differences in life-history strategies among
stocks. Miller and Brannon (1982) hypothesized that local temperature regimes are the major
factor influencing life-history traits. If the boundaries of distinct freshwater habitats coincide
with differences in life histories it would suggest a certain degree of reproductive isolation.
Therefore, identifying distinct freshwater, terrestrial, and climatic regions may be useful in
identifying distinct populations. As a first step in identifying historical independent populations
of salmonids, the Lower Columbia River was divided into three geographic/ecological
subregions: coastal, western Cascades, and Columbia Gorge (eastern Cascades). Differences in
geography, hydrology, precipitation, vegetation, and geology are probably substantial enough to
have differentially selected for variations in life-history strategy and provided the geographic
separation for reproductive isolation. Within these large subregions, identifying historical
independent populations is more problematical.

The U.S. Environmental Protection Agency (EPA) has established a system of ecoregion
designations (Figure 1) based on soil content, topography, climate, potential vegetation, and land
use (Omernik 1987). These ecoregions are similar to the physiographic provinces determined by
the Pacific Northwest River Basins Commission (PNRBC 1969) for the Pacific Northwest.
Similarly, there is a strong relationship between ecoregions and freshwater fish assemblages
(Hughes et al. 1987). Also included in the physiographic descriptions for each region is
information presented in PNRBC (1969), present-day water use information (USGS 1993), river
flow information (Hydrosphere Products, Inc. 1993), and climate data from the U.S. Department
of Commerce (USDOC 1968).

Biological Data

Homing fidelity is a major determinant of population structure and plays a key role in
defining the geographic bounds of a population. Migration rates (homing fidelity) were estimated
using CWT-marked releases of fish (primarily from hatcheries) (PFMC 2000). Spatial homing
fidelity was measured as the relative proportion of freshwater recoveries that occurred in the
river basin of origin. Methods for calculating migration (stray) rates followed that used by
Haegen and Doty (1995). Freshwater recoveries of adults at hatcheries, fish traps, terminal
(tributary) fisheries, and spawner surveys were considered in the estimation of migration. In
general, only CWT releases during the 1980s that produced over 100 expanded freshwater
recoveries were used. At least three CWT release groups were used for each release location.
Only releases of fish that had been produced from adults returning to that release site (hatchery)
were considered. Since many hatcheries were originally founded by transfers from other sites,
genetically determined aspects of their oceanic migration may reduce the precision with which
they return to their “new” natal stream. Furthermore, many aspects of hatchery rearing and
release programs probably reduce the homing fidelity of returning hatchery fish. Additionally,
although the proportion of freshwater recoveries at a nonnatal site may be high, the impact on the
population receiving the strays is related to the number of strays, the number of indigenous
spawners, and the relative reproductive success of the strays.



Historical Population Structure of Willamette—Lower Columbia Pacific Salmonids

The marine distribution of chinook salmon groups was estimated through recoveries of
CWT-marked fish in ocean fisheries. There is a strong genetic basis for ocean migration patterns,
which has been supported by CWT information. These patterns represent an important form of
resource partitioning and are based on ancestral feeding routes that are significant to the
evolutionary success of the species. To minimize variability in ocean conditions and fishery
effort, recoveries were analyzed for a minimum of three groups from any release site, only
groups released from 1980 to 1989 that had at least 100 oceanic recoveries (expanded) were
considered, and no groups from one site could be released during the same year. Recoveries were
assigned to six regional oceanic areas: Alaska, British Columbia, Washington coast, Puget
Sound, Oregon coast, and California coast. The marine distributions were compared using
hierarchical clustering analysis (JMP V3.0, SAS Institute, Cary, N.C.). With few exceptions,
groups came from hatchery populations, which may not be representative of historical
populations depending on the history of stock transfers for each hatchery. Because of the
difficulties in relating current oceanic distribution to historical patterns, this analysis was only
used to ascertain whether general patterns of oceanic distribution were correlated to geographic
proximity or life-history similarities.

Analysis of the scales from naturally spawning adults was utilized to identify similarities
in the age at marine emigration and maturation of proposed populations. This information was
used with caution, due to the unknown origin of unmarked naturally spawning fish, the impact of
harvest on age structure, and the modification or loss of habitats that would preclude specific
juvenile life-history strategies.

Historical documentation of fish presence and abundance (Table 2) was based on U.S.
Fish and Wildlife Service (USFWS) surveys carried out in the 1930s and 1940s (Bryant 1949
and Parkhurst et al. 1950) and additional reports by Mattson (1948, 1955), Craig and Townsend
(1946), Wallis (1961), and others. Hatchery and fisheries records also provided valuable insight
into historical abundance and life-history characteristics.

Hatchery operations in the Lower Columbia and Upper Willamette Rivers have left a
legacy of transplanted or homogenized stocks, with the exception of chum salmon. Very few
remaining populations of salmonids are unchanged by these activities: thus it is difficult to
estimate historical life-history characteristics from fish that are currently occupying river systems
in this area. Furthermore, because of the magnitude of hatchery releases, similarities or
differences in abundance trends do not necessarily indicate demographic independence or lack
thereof. Hatchery fish influence demographic data in two ways. First, when present on natural
spawning grounds they inflate the abundance of naturally spawning fish. Second, they reduce
estimates of natural productivity by adding more adults to the adult-to-spawner relationship.
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Table 2. Chinook, chum, and coho salmon and steelhead natural escapement estimates for Lower
Columbia River tributaries.”

Lower Columbia River Chinook Coho Chum Steelhead
Lower Columbia River (coastal tributaries)
Lewis and Clark River pt® pt 10
Youngs River rpt rpt rpt rpt
Walluski River
Klaskanine River rpt rpt pt 12
Chinook River rpt rpt
Deep River nv nv nv nv
Grays River 34 >100 6,286 >100
Big Creek rpt rpt rpt rpt
Bear Creek pt rpt
Skamokawa Creek obs rpt obs
Elochoman River 371 158 7
Plympton Creek rpt rpt
Clatskanie River pt pt rpt rpt
Beaver Creek rpt rpt rpt
Mill Creek pt rpt 1
Abernathy Creek 92 obs
Germany Creek obs* obs obs
Coal Creek pt pt
Tide Creek rpt rpt
Goble Creek
Milton Creek rpt rpt rpt
McNulty Creek nv nv nv nv
Scappoose Creek 60 pt pt rpt
Cowlitz River basins
Cispus River 130 120 obs
Tilton River 212 407 rpt
Upper Cowlitz River
Ohanapecosh River rpt rpt
Toutle River rpt(S/F) rpt pt obs

North Fork Toutle River (without Green River)
Green River

South Fork Toutle River

Coweeman River 1,746 2 rpt rpt
Kalama River 20,000¢ 1,422 pt 37
Lewis River rpt rpt rpt pt
North Fork Lewis River 259 7,919 259

The numbers presented represent fish counted during surveys and are not expanded to estimate run size. Surveys
did not necessarily correspond to the time of peak spawning. USFWS Columbia River surveys were done
intermittently from 1936 to 1946 (Bryant 1949, Parkhurst et al. 1950).

rpt = species presence reported to the survey teams by local biologists

obs = juveniles or adults that were observed but not enumerated

The hatchery superintendent, Parsons, reported that 13,000 chinook had been collected at the hatchery rack, and a
further 7,000 passed over the rack to spawn naturally in 1936.
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Table 2. cont.

Lower Columbia River Chinook Coho Chum Steelhead
Muddy River
East Fork Lewis River 40 1,166
Mainstem and upper Clackamas River obs obs obs
Oakgrove Fork
Collawash River
Johnson Creek rpt rpt
Salmon Creek 19 16 rpt rpt
Sandy River
Bull Run rpt pt
Little Sandy River
Salmon River rpt rpt rpt
Zigzag River rpt
Washougal River pt pt 539
Mainstem Washougal River
Little Washougal River

West Fork Washougal River
Columbia Gorge tributaries
Mainstem Columbia River
Bridal Veil Creek
Wahkeena Creek
Hardy Creek
Hamilton Creek rpt
Multnomah Creek
Moffer Creek
Tanner Creek rpt
Eagle Creek rpt
Rock Creek pt pt
Herman Creek pt
Wind River 200 obs
Gorton Creek
Little White Salmon pt rpt
Viento Creek
Lindsey Creek
Big White Salmon River
Hood River rpt rpt
East Fork Hood River
West Fork Hood River rpt rpt

12



2. CHINOOK SALMON
(ONCORHYNCHUS TSHAWYTSCHA)

2.1 Life History

Chinook salmon—also commonly referred to as king, spring, quinnat, Sacramento,
California, or tyee salmon—is the largest of the Pacific salmon (Netboy 1958). The species
distribution historically ranged from the Ventura River, California, to Point Hope, Alaska, in
North America; and in northeastern Asia from Hokkaido, Japan, to the Anadyr River in Russia
(Healey 1991). Additionally, chinook salmon have been reported in the Mackenzie River area of
northern Canada (McPhail and Lindsey 1970). The Lower Columbia and Upper Willamette
Rivers chinook salmon ESUs lie near the center of the species’ North American distribution.

Of the Pacific salmon, chinook salmon exhibit arguably the most diverse and complex
life-history strategies. Healey (1986) described 16 age categories for chinook salmon, 7 total
ages with 3 possible freshwater ages. Two generalized freshwater life-history types were initially
described by Gilbert (1912): stream-type chinook salmon reside in freshwater for a year or more
following emergence, whereas ocean-type chinook salmon migrate to the ocean within their first
year. Healey (1983, 1991) has promoted the use of broader definitions for ocean type and stream
type to describe two distinct races of chinook salmon. Using Healey’s definition, chinook salmon
native to the Lower Columbia and Upper Willamette Rivers are considered to be ocean type
(Myers et al. 1998).

Juvenile Emigration

Ocean-type juveniles enter saltwater during one of three phases. Immediate fry migrate to
the ocean soon after yolk resorption, at 30—45 mm in length (Lister et al. 1971, Healey 1991). In
most river systems, however, fry, which migrate at 60—150 days post-hatching, and fingerlings,
which migrate in the late summer or autumn of their first year, represent the majority of ocean-
type emigrants. When environmental conditions are not conducive to subyearling emigration,
ocean-type chinook salmon may remain in freshwater for their entire first year, emigrating to the
ocean during their second spring. Distance of migration to the marine environment, stream
stability, stream flow and temperature regimes, stream and estuary productivity, and general
weather regimes have been implicated in the evolution and expression of specific emigration
timing.

The majority of naturally produced fall-run chinook salmon from the Lower Columbia
and Lower Willamette Rivers emigrate to the marine environment as subyearlings (Reimers and
Loeffel 1967, Howell et al. 1985, Hymer et al. 1992, Olsen et al. 1992, WDF et al. 1993). A
portion of returning adults whose scales indicate a yearling smolt migration may be the result of
extended hatchery-rearing programs rather than natural volitional yearling emigration (Table 3).
It is also possible that modifications in the river environment may have altered the duration of
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Table 3. Summary of the number and source (fraction of total) of chinook salmon juveniles released into
selected rivers in the Lower Columbia River and Upper Willamette River ESUs.

River Run  Native/Local® In ESU” Out of ESU Total Releases

Chinook River Fall 0.477 0.518 0.006 17,621,483
Youngs River Fall 0.000 0.618 0.382 1,245,379
Grays River Fall 0.269 0.731 0.000 83,901,280
Big Creek Fall 0.611 0.363 0.027 202,843,377
Elochoman River Fall 0.654 0.345 0.001 120,559,102
Cowlitz River Fall 0.926 0.074 0.000 164,273,295
Toutle River Fall 0.635 0.365 0.000 87,615,600
Kalama River Fall 0.941 0.046 0.012 235,348,662
Lewis River Fall 0.762 0.184 0.054 21,785,757
Clackamas River Fall 0.000 0.913 0.087 60,051,486
Washougal River Fall 0.485 0.508 0.007 172,296,250
Sandy River Fall 0.067 0.933 0.000 32,815,098
Tanner Fall 0.000 0.911 0.089 673,455,947
Hood River Fall 0.000 1.000 0.000 2,656,380
Cowlitz River Spring 0.959 0.027 0.014 71,004,079
Toutle River Spring 0.996 0.004 0.000 2,672,655
Kalama River Spring 0.881 0.119 0.000 10,367,665
Lewis River Spring 0.621 0.322 0.057 15,809,691
Sandy River Spring 0.151 0.189 0.660 14,533,110
Molalla River Spring 0.000 0.000 0.000 10,987,335
Santiam River Spring 0.793 0.191 0.016 193,191,761
North Santiam River Spring 0.673 0.313 0.014 113,735,118
South Santiam River Spring 0.700 0.300 0.000 39,619,551
McKenzie River Spring 0.967 0.027 0.007 218,331,567
Middle Fork Spring 0.311 0.654 0.035 57,693,187

Willamette River
Releases designated as “native/local” include the progeny of nonnative fish (and their descendants) that
returned to a local hatchery and were incorporated into the hatchery broodstock.
“In ESU” includes the proportion of the fish that originated from within the ESU, not including the local
population.

Source: Data from Myers et al. (1998).

b

freshwater residence. The natural timing of spring-run chinook salmon emigration is similarly
obscured by hatchery releases of spring-run chinook salmon juveniles late in their first autumn or
early in their second spring. Age analysis based on scales from naturally spawning spring-run
adults from the Kalama and Lewis Rivers indicated a significant contribution to escapement by
fish that entered saltwater as subyearlings (Hymer et al. 1992). This subyearling smoltification
pattern may also be indicative of life-history patterns for the Cowlitz River spring run, because
both the Kalama and Lewis Rivers have received considerable numbers of transplanted fish from
the Cowlitz River. Life-history data from the Clackamas and Sandy Rivers is very limited, and
transplantation records indicate that these rivers have received overwhelmingly large numbers of
Upper Willamette River spring-run chinook salmon (Nicholas 1995).

Recent analysis of scales from adults returning to the Upper Willamette River basin
indicated that the majority of fish had emigrated to saltwater as yearlings (Table 8). This estimate
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is biased by the overwhelming hatchery contribution to escapement, over 90% of total
escapement (Myers et al. 1998). Hatchery fish are released late in their first autumn or second
spring (Nicholas 1995, Willis et al. 1995). Scales sampled from returning adults in 1941
indicated that the fish had entered saltwater no earlier than the autumn of their first year (Craig
and Townsend 1946). Mattson (1963) found that returning adults that had emigrated as fingerling
(subyearling) smolts made up a significant proportion of the 3-year-old age class, with fingerling
emigrants making up a smaller proportion of the older age classes. A recent study indicated that
Willamette River spring-run chinook salmon have a physiological smoltification window during
their first autumn. Large numbers of fry and fingerlings have been observed migrating downriver
from the Willamette River and its tributaries (Craig and Townsend 1946, Mattson 1962, Howell
et al. 1988). Based on the examination of scale patterns from returning adults, it appears that
these fry do not immediately enter the estuary or do not survive the emigration. Emigrating fry
have been severely affected by high water temperatures and industrial waste discharges in the
Lower Willamette River throughout much of this century, especially during periods of low river
flow in late spring and early summer (Craig and Townsend 1946, Mattson 1962, USGS 1993).
More recently, fry migrants constitute a relatively small proportion of the smolt emigration
(especially compared to the artificially propagated fingerling and yearling contribution); thus
their potential contribution to returning adults would be expected to be quite low. In a 1998
offshore study, subyearling Willamette River spring-run juveniles were identified through
genetic mixed-stocks analysis in the Columbia River plume.' Alternatively, many of these fry
migrants could be rearing in the Columbia River prior to emigrating to the marine environment
(Craig and Townsend 1946, Mattson 1962).

Ocean Distribution

Ocean-type chinook salmon tend to migrate along the coast, while stream-type chinook
salmon appear to move far off the coast into the central North Pacific (Healey 1983 and 1991,
Myers et al. 1984). Studies of prerecruit (<71 cm) fish in the marine fisheries off southeastern
Alaska indicated that differences in migration speed, timing, and growth were related to the life-
history type, age, and general geographic origin of the stocks (Orsi and Jaenicke 1996). The
causal basis for these differences is unknown, but may be based on poor coastal feeding
conditions during past glacial events for the more northerly (stream-type) populations.

Marine CWT recoveries for Lower Columbia River stocks tend to occur off the British
Columbia and Washington coasts, with a small proportion of tags recovered from Alaska
(Table 4). Marine recoveries of CWT-marked, Willamette River spring-run fish occur off the
British Columbia and Alaska coasts, with a much larger component (>30%) of recoveries being
from Alaska relative to Lower Columbia River stocks (Table 5). Age of release (subyearling
versus yearling) does not appear to influence the general oceanic distribution of fish (Myers
et al. 1998).

"David Teel, NMFS, Northwest Fisheries Science Center, 2725 Montlake Blvd. E., Seattle, WA 98112, pers.
commun., January 2000.
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Table 4. Distribution of coded-wire tagged (CWT) recoveries from chinook salmon in ocean fisheries.”

Hatchery Stock (Release Site) Alaska Cl(?;li::lsll)lia Wa(s:l(l)l:sgtton Puget Sound %sggtn California
Grays River fall 0.10 0.62 0.20 0.00 0.07 0.00
Elochoman River fall 0.07 0.46 0.22 0.06 0.17 0.02
Big Creek fall (SAB) 0.00 0.31 0.15 0.03 0.43 0.09
Big Creek fall 0.05 0.63 0.27 0.00 0.05 0.00
Cowlitz River spring 0.05 0.44 0.32 0.06 0.11 0.00
Cowlitz River fall 0.12 0.44 0.23 0.02 0.18 0.00
Kalama River fall 0.10 0.72 0.16 0.00 0.02 0.00
Lewis River late fall 0.19 0.54 0.12 0.03 0.09 0.02
Lewis River summer 0.19 0.46 0.29 0.00 0.06 0.00
Washougal River fall 0.08 0.63 0.24 0.00 0.06 0.00
Bonneville Hatchery fall 0.00 0.55 0.24 0.08 0.11 0.00
Spring Creek fall 0.05 0.47 0.24 0.13 0.11 0.00
South Santiam River spring(1)° 0.30 0.55 0.14 0.00 0.01 0.00
North Santiam River spring(1)* 0.42 0.40 0.17 0.00 0.01 0.00
McKenzie River Hatchery spring (0)* 0.52 0.41 0.07 0.00 0.00 0.00
McKenzie River Hatchery spring (1)° 0.41 0.48 0.09 0.00 0.02 0.00
Clackamas River spring (1)° 0.24 0.47 0.20 0.00 0.09 0.00
Clackamas River spring (90s)° 0.46 0.23 0.11 0.00 0.18 0.02
North Santiam River spring (90s)* 0.77 0.21 0.01 0.00 0.00 0.00
South Santiam River spring (90s)° 0.67 0.23 0.09 0.00 0.01 0.00
McKenzie River Hatchery spring (90s)° 0.59 0.25 0.10 0.00 0.02 0.05
Upper Columbia River fall 0.33 0.62 0.02 0.02 0.01 0.00

* Tagged chinook salmon were released from hatcheries in the Lower Columbia and Upper Willamette Rivers. Recoveries for each release site are based
on at least three release groups, each of which had at least 100 tag recoveries (expanded) in ocean fisheries. Except where noted, all tagged groups were
released between 1980 and 1989.

® SAB = select area bright fall-run (Rogue River)

¢ 1 =yearling release

4 0 = subyearling release

¢ 90s = yearlings released 1990-1994.
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Table 5. Age structure for Lower Columbia River chinook salmon.”

. . Subyearling Migrants Yearling Migrants

Age Designation Source
2.0 3.0 4.0 5.0 6.0 2.1 31 4.1 5.1 6.1

Klaskanine River fall 0.000 0.306 0.694 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 | Olsen etal. 1992
Plympton Creek fall 0.084 0.708 0.193 0.016 0.000 | 0.000 0.000 0.000 0.000 0.000 | Olsen etal. 1992
Big Creek fall 0.013 0.371 0.567 0.044 0.000 | 0.000 0.000 0.004 0.000 0.000 | Olsen etal. 1992
Gnat Creek fall 0.006 0.651 0.283 0.030 0.030 | 0.000 0.000 0.000 0.000 0.000 | Olsen etal. 1992
Lewis and Clark River fall | 0.050 0.469 0.481 0.000 0.000 | 0.000 0.000 0.000 0.000 0.000 | Olsen etal. 1992
Grays River fall 0.137 0.294 0.510 0.057 0.000 | 0.000 0.000 0.000 0.000 0.000 | Hymer et al. 1992
Elochoman River fall 0.132 0.501 0.340 0.027 0.000 | 0.000 0.000 0.000 0.000 0.000 | Hymer etal. 1992
Cowlitz River spring 0.000  0.000 0.000 0.000 0.000 |0.175 0.100 0.528 0.191 0.006 | Hymer etal. 1992
Cowlitz River fall 0.032 0.165 0.580 0.193 0.004 | 0.001 0.016 0.008 0.000 0.000 | Hymer et al. 1992
Coweeman River fall 0.015 0.007 0.312 0.645 0.022 | 0.000 0.000 0.000 0.000 0.000 | Hymer etal. 1992
Kalama River late fall® 0.029 0.330 0.424 0.162 0.000 | 0.000 0.009 0.036 0.009 0.000 | Hymer et al. 1992
Lewis River late fall® 0.132  0.196 0.419 0.212 0.008 | 0.000 0.003 0.018 0.009 0.001 | Hymer et al. 1992
Lewis River fall 0.123  0.193 0.468 0.202 0.005 | 0.000 0.004 0.000 0.004 0.000 | Hymer etal. 1992
Washougal River fall 0.022 0.198 0.628 0.151 0.000 | 0.000 0.000 0.001 0.000 0.000 | Hymer et al. 1992
Sandy River late fall™* 0.043 0.182 0.533 0.236 0.005 | 0.000 0.000 0.000 0.000 0.000 | Fulop 2000
Sandy River fall 0.026  0.283 0.592 0.100 0.000 | 0.000 0.000 0.000 0.000 0.000 | Fulop 2000

* Age information is based on scales recovered from naturally spawning chinook salmon. Age designation (X, Y): X is the age at maturation, and Y is the
age at ocean emigration (0 = subyearling, 1 = yearling, 2 = 2-year-old smolt...).

® Late fall or bright

¢ Juvenile age structure was not available for Sandy River fish, but is assumed to be mostly subyearling migrants (partially based on data presented in
Howell et al. 1985).
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Return Migration

The timing of return to freshwater, and ultimately spawning, provides a temporal
isolating mechanism for populations. Furthermore, return timing is often correlated with
spawning location. Salmonids that return in the early spring often take advantage of high flows
from snowmelt to access the upper reaches of many rivers. Differences in return migration
timing provide a geographic isolating mechanism.

The freshwater component of the adult returning migratory process is under a significant
genetic influence. The underlying genetic influence on run-timing was initially demonstrated by
Rich and Holmes (1928), when spring-run chinook salmon from the McKenzie River (Oregon)
were reared, marked, and released from a predominantly fall-run watershed. The transplanted
chinook salmon displayed no apparent alteration in their normal time of return or spawning,
although there was an apparent decrease in fidelity. Subsequent stock transplantations have
further substantiated the heritable nature of run-timing. Heritability estimates for return timing
among early- and late-returning pink salmon (Oncorhynchus gorbuscha) runs in Alaska were 0.4
and 0.2 for females and males, respectively (Gharrett and Smoker 1993). In one experiment,
upriver fall-run chinook salmon were captured, spawned, and the subsequent progeny reared and
released from a downriver site (Mclsaac and Quinn 1988). A significant fraction of the returning
adults from the upriver bright progeny group bypassed their rearing site and returned to their
“traditional” spawning ground 370 km farther up the Columbia River. This migration pattern
may be related to the relative timing of freshwater entry and spawning rather than a geographic
sense of where the salmon’s traditional home is. Returning to the home stream may reflect local
adaptation and reproductive isolation.

Runs are designated on the basis of when adults enter freshwater; however, distinct runs
may also differ in the degree of maturation at river entry and time of spawning. Early, spring-run
(stream-maturing) chinook salmon tend to enter freshwater as immature or bright fish, migrate
upriver (holding in suitable thermal refuges for several months), and finally spawn in late
summer and early autumn. Late, fall-run (ocean maturing) chinook salmon enter freshwater at an
advanced stage of maturity, move rapidly to their spawning areas on the main stem or lower
tributaries of the rivers, and spawn within a few days or weeks of freshwater entry (Fulton 1968,
Healey 1991). Summer-run fish show intermediate characteristics of spring and fall runs,
spawning in large- and medium-sized tributaries and not showing the extensive delay in
maturation exhibited by spring-run chinook salmon (Fulton 1968). There is no record of
summer-run fish historically spawning within the Lower Columbia or Upper Willamette River
ESU boundaries. All temporal runs, and especially those that migrate into freshwater well in
advance of spawning, utilize resting pools. These pools provide an energetic refuge from river
currents, a thermal refuge from high summer and autumn temperatures, and a refuge from
potential predators (Berman and Quinn 1991, Hockersmith et al. 1994). Furthermore, the
utilization of resting pools may maximize the success of the spawning migration through
decreases in metabolic rate and the potential reduction in susceptibility to pathogens (Bouck et
al. 1975, Berman and Quinn 1991). Therefore, the existence or absence of resting pools may be
an important determinant in the success of certain run times in specific basins.
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Run-timing is also, in part, a response to stream-flow characteristics. Rivers such as the
Klickitat or Willamette historically had waterfalls that were impassable to upstream migration,
except during high late-winter or spring flows, while other falls are passable only during low
flows (WDF et al. 1993). Low river flows on the south Oregon coast during the summer result in
barrier sandbars that block migration. The timing of migration and, ultimately, spawning must
also be cued to the local thermal regime. Egg deposition must be done at a time that will ensure
fry emerge during the following spring when river or estuary productivity is sufficient for
juvenile survival and growth. The strong association between run-timing and ecological
conditions made this trait useful in considering potential ESU boundaries.

The fall run is currently predominant in the Lower Columbia River, although historically,
spring-run fish may have been nearly as numerous as fall run. Fall-run fish return to the river in
mid-August and spawn within a few weeks (WDF et al. 1993, Kostow 1995). These fall-run
chinook salmon are often called tules; they are distinguished by their dark-skin coloration and
advanced state of maturation at the time of freshwater entry. Tule fall-run chinook salmon
populations may have historically spawned from the mouth of the Columbia River to the White
Salmon and Hood Rivers. There is substantial disagreement on whether fall-run chinook salmon
historically existed in the lower Klickitat River. Among other fall-run populations, a later
returning component of the fall chinook salmon run exists in the Lewis and Sandy Rivers (WDF
et al. 1993, Kostow 1995, Marshall et al. 1995). Because of the longer time interval between
freshwater entry and spawning, Lewis River and Sandy River fall-run chinook salmon are less
mature at freshwater entry than tule fall chinook salmon at river entry; they are commonly
termed lower river brights (Marshall et al. 1995). There are presently a number of other fall-run
chinook salmon in the Lower Columbia River that are generally referred to as brights. Hatchery
records and genetic analyses indicate that these fish are the descendants of introduced fall-run
chinook salmon from the Rogue River (Oregon coast) and the Upper Columbia River (Priest
Rapids Hatchery). With the exception of the late fall-run chinook salmon in the Lewis and Sandy
Rivers we know of no information to indicate that this life-history form was historically present
anywhere in the ESU.

Spring-run chinook salmon on the Lower Columbia River, like those from coastal stocks,
enter freshwater in March and April, well in advance of spawning in August and September.
According to an early report:

This variety is known the world over as the “Royal Chinook,” and may truly be called the
king of the salmon. Those taken from the Columbia River during the months of April,
May and June are claimed to be superior to any found elsewhere. (ODF 1900)

Historically, fish migrations were synchronized with periods of high rainfall or snowmelt to
provide access to upper reaches of most tributaries where fish would hold until spawning (Fulton
1968, Olsen et al. 1992, WDF et al. 1993). The relationship between flow and run-timing was
recognized by early fishery biologists: “Another peculiarity in connection with the habits of this
species of salmon is that they will not enter any stream which is not fed by snow water . . .”
(ODF 1900).

Willamette Falls (RKm 42) historically limited access to the upper river, thus it defines
the boundary of a distinct geographic region. High flows over the falls provided a window for
returning chinook salmon in the spring, while low flows prevented fish from ascending the falls
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in the autumn (Howell et al. 1985). Returning Willamette River spring-run chinook salmon enter
the Columbia River in February and March, but they do not ascend the Willamette Falls until
April and May. The migration past the falls generally coincides with a rise in river temperatures
above 10°C (Mattson 1948, Howell et al. 1985, Nicholas 1995). Spawning generally begins in
late August and continues into early October, with spawning peaks in September (Mattson 1948,
Nicholas 1995, Willis et al. 1995).

Run-timing was used as a criterion for distinguishing independent populations.
Freshwater entry timing differences resulted in geographic separation, due to flow-related access
windows at barrier falls or cascades. Furthermore, spring-run chinook salmon utilize upper
watershed areas with distinct thermal regimes, resulting in spawn timing (and possibly
embryonic development) differences relative to fall-run fish in the same watershed.

Age at Maturation

Adults return to tributaries in the Lower Columbia River predominately at 3 and 4 years
of age for fall-run fish and 4 to 5 years of age for spring-run fish. This may be related to the
predominance of yearling smolts among spring-run stocks. In general, Willamette River spring-
run chinook salmon mature in their fourth and fifth year of life, with slightly more 4-year-old
fish. Historically, 5-year-old fish comprised the dominant portion of the run (Mattson 1963).

Differences in age at maturation were of limited use in distinguishing independent
populations. It is possible that older, larger fish are more successful at ascending barriers, or
younger, smaller fish may be able to utilize off-side-channel habitat more effectively, but there
was no conclusive information to substantiate this, and age structure was highly variable in most
populations. Given the high degree of hatchery intervention in most river systems, the intensity
of selective forces on many life-history traits may have been reduced or redirected to an
unknown degree.

2.2 Lower Columbia River Chinook Salmon ESU

Historical Independent Populations
Coast Range Tributaries

This region extends from the mouth of the Columbia River to Coal Creek (RKm 99.8) on
the Washington State side of the Columbia River and Scappoose Creek (RKm 140) on the
Oregon side (Figure 2). Chinook salmon spawning in this region were placed in seven population
clusters, based on historical population abundance estimates and watershed size.

Coast Range tributaries are all relatively short; less than 40 km (Table 1). The lower
reaches tend to be low-gradient, slow-moving systems that are under tidal influences. Many
tributaries enter the Columbia River through a series of sloughs that offer little useable spawning
habitat. The rivers and creeks drain low-elevation hills, with peaks less than 1,000 m. Rainfall
averages 200—240 cm per year. In the absence of substantial snowpack or groundwater sources,
the river flows are strongly correlated with rainfall (peak flows occurring in December and
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Figure 2. Lower Columbia River Basin.

January), and summer flows can be very low (low flows occur in August). Presently, there are no
naturally spawning, spring-run chinook salmon in this subregion, and given the relatively short
length of these rivers and creeks and their rainfall-dominated hydrology, there is little suitable
habitat for spring-run chinook salmon. It is unlikely that distinctive run times or geographically
isolated populations could have developed in one of these systems. Furthermore, it is possible
that during extended periods of poor ocean conditions or extremes in climate (floods or droughts)
many of the smaller systems may experience short-term extirpations.

The distribution of historical populations in this portion of the Lower Columbia River
was initially derived using the geographic clustering of the watersheds listed (those historically
known to contain chinook salmon). In some cases it is unclear whether chinook salmon
historically were present (Table 2). For example, spawner surveys done in the 1930s and 1940s
documented chinook salmon in the Chinook River. However, a hatchery was established in the
watershed in 1894 using adults captured in the mainstem mouth of the Columbia River, and the
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fish observed are most likely descendants of those hatchery fish. The Washington Department of
Fish and Game (WDFG 1916) suggested the Chinook River did not have an indigenous chinook
salmon population prior to establishment of the hatchery run. Marshall et al. (1995) suggest that
many rivers in this region did not support chinook salmon populations. Collins (1892), in his
surveys of Pacific coast fisheries, specifically lists the Lewis and Clark River and Youngs River
as supporting runs of chinook salmon. Gilbert and Evermann (1895) note that, “Fish of the fall
run enter the Columbia a short time only before they are ready to spawn. So far as we now know,
the most of these turn directly into streams near the mouth of the river and spawn a short time
after their entrance into the Columbia.” The absence of detailed historical documentation may be
related to the emphasis on fisheries (and studies) targeting spring-run chinook salmon. In
contrast to the spring run, fall-run chinook salmon entered freshwater at an advanced stage of
maturation, and there was initially little demand for these poor quality fish. Spring-run chinook
salmon sold to salmon packers in 1894 were worth $.05 a pound, whereas fall-run chinook
salmon and chum salmon were worth $.03—.05 per fish (Smith 1895). The preference for spring-
run chinook salmon also influenced hatchery policies. “The opinion also prevails that the fish
hatched from the eggs of the fall run will return to the river in the fall and be the undesirable fish,
and the hope is general that no attempts will be made to propagate the late fish, but that the
efforts will be centered on the spring and summer broods, which alone are suitable for canning”
(Smith 1895).

Chinook salmon studies studies were conducted on Gnat Creek from 1956 to 1962
(Willis 1962). In 1955, construction of a weir on the lower portion of the creek enabled
biologists to enumerate and measure returning adults, as well as sample emigrating juveniles,
except during high flow periods. During the study, average chinook escapement was only 39
fish. Peak juvenile outmigration by subyearling juveniles was observed during February and
March; no yearling migrants were observed.

Genetic analysis was of limited utility due to the large numbers of hatchery-origin fish
released into these basins from outside the specific watershed (see Appendix B, Tables B.6 and
B.7). Straying between these spawning aggregations was estimated using CWT recoveries from
naturally spawning fish, fish returning to hatchery racks, or fishery recoveries from the
tributaries. In general, it is believed that there was a high degree of exchange between all the
populations in the smaller coastal tributaries of the Lower Columbia River, but less so between
populations in this region and those in other regions within this ESU. For example, of the
freshwater recoveries of marked fish released from the Grays River Hatchery, only 32.3% were
recovered back in the Grays River basin, 10.3% in Skamokawa Creek, 23.0% in the Elochoman
River, 33.0% in Big Creek, and less than 1.0% of recoveries were upstream of the Cowlitz River
(Figure 3). Low levels of homing fidelity were also observed for fish released from Abernathy
Creek Salmon Culture Technology Center (SCTC), and the Elochoman River and Big Creek
hatcheries. In general, a significant proportion (>10%) of the freshwater recoveries occurred up
to 50 km away from the release site. These rates may be substantially higher than historical
levels due to (1) use of mixed-origin Lower Columbia River fish by most hatchery programs, (2)
poor water quality or low attraction flows in many of the rivers or hatcheries, and (3) attraction
of fish to assemblages of fish (i.e., fish in hatchery holding ponds). Additionally, fish that enter
hatchery traps or are intercepted in terminal fisheries are considered strays, despite the fact that
fish naturally often hold only temporarily in nonnatal streams or may test tributaries for homing
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cues. In general, fall-run chinook salmon spawn in the lower reaches of the tributaries, just above
the extent of tidal influence (Parkhurst et al. 1950, Merrell 1951). This may increase the
likelihood of movement by spawning adults between basins.

Life-history information (spawn timing, age at maturation, ocean migration) was
relatively useful, given the degree of hatchery transplantation and the high apparent rate of
interchange (Figures 3 and 4, Table 6, Appendix A, Table A.1). In general, there were slight
differences in peak spawning time for populations in this subregion, and presently considerable
overlap exists in the spawning distribution for populations in this subregion (Figure 5). Similarly,
there is no clear overall trend in age at maturation. However, fall-run chinook salmon from the
Grays and Klaskanine Rivers and Big Creek tend to cluster together in the UPGMA dendrogram
(Figure 6, Table 3) of Lower Columbia River chinook salmon, as do fall-run chinook salmon
from Plympton and Gnat Creeks and the Lewis and Clark and Elochoman Rivers. Analysis of
CWT recoveries in marine fisheries was not informative in life-history distinctions beyond the
level of run-timing (Figure 7), except that ocean recovery distribution was similar among
hatcheries that had exchanged large numbers of fish.

Very little information is available for the cluster of populations from Tide Creek to
Scappoose Creek, other than information indicating that fall-run chinook salmon were
historically present in most of these systems. Fall-run chinook salmon were thought to be
spawning in Milton Creek during the late 1950s (Willis et al. 1960). Scappoose Creek is the
only basin that contains enough habitat to potentially sustain large numbers of fish (Table 1).
Willis et al. (1960) reported that 100 fall chinook salmon were observed spawning in the lower
two miles of Scappoose Creek. Ecologically, the tributaries on the Oregon side, which drain the
Coast Range, are very different from the larger tributaries on the Washington side (e.g., Cowlitz
and Kalama Rivers, etc.), which drain the Cascade Range (Figure 1).

The seven DIPs proposed (see below) in this region are distinct based solely on
geographic separation. In general, genetic information from recently collected fish is of limited
value due to the high proportion of hatchery fish on the spawning grounds (Figure 4) and the
large numbers of nonnative hatchery fish introduced into the region (Table A.1). Whether these
clusters were historically reproductively isolated is difficult to establish, but to have maintained
demographic independence, homing fidelity would have likely been substantially higher than is
currently observed. Additionally, it is assumed that fish tend to orient along the riverbank, and in
the Lower Columbia River a fish was more likely to stray to an adjacent system rather than
across the river. It is fairly reasonable to assume that distinct independent populations did not
exist on a scale smaller than the seven clusters. It may also be reasonable to assume that because
of geographic and ecological factors, these clusters did form at least one independent population
relative to other populations in the ESU.
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Table 6. Salmon escapement estimates for Sandy River tributaries.”

Chinook Salmon Historical” 1954 1995¢ 1998°
Spring Run

Mainstem Sandy River 5,000 750 1,900 2,606
Salmon River 2,000 <50

Zigzag River Fair Unknown

Bull Run River 5,000 200

Little Sandy River Unknown 0

Fall Run 2,830

Mainstem Sandy River 10,000 2,500 700
Salmon River 500 0

Bull Run River Unknown 500

Gordon Creek Unknown 200

Chum Salmon

Mainstem Sandy River Unknown 200

Beaver Creek Unknown <100

Coho Salmon

Mainstem Sandy River 15,000 3,000
Bull Run River 5,000 400
Little Sandy River Good few
Salmon River Good 300
Zigzag River Good Unknown
Gordon Creek Good 250
Cedar Creek Unknown 500
Beaver Creek Unknown 250
Steelhead

Mainstem Sandy River 20,000 6,000
Bull Run River 5,000 400
Little Sandy River Good few
Salmon River 2,000 600
Zigzag River Excellent 200
Gordon Creek Good 400
Cedar Creek Unknown 400
Beaver Creek Good 300

* Numbers estimate naturally spawning escapement and may include hatchery-reared chinook salmon.
® Mattson (1955)

¢ Mattson (1955)

4 Nicholas (1995)

¢ Based on a 5-year average (ODFW 1998).
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Figure 3. Incidence, as a percentage of all freshwater recoveries, and distance or adult recovery to juvenile release

location of chinook salmon returning to the Lower Columbia River. Each graph represents the averaged
results from at least three coded-wire tag groups (each with at least 100 freshwater recoveries) released from a

specific hatchery from 1980 to 1990. Data from PSMFC (2000) and WDFW (2000).
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Figure 4. Estimated origin of naturally spawning chinook salmon in Columbia River tributaries based on
recoveries of adults in spawner surveys. Unknown fish may consist of naturally produced (unmarked)
fish or unmarked hatchery fish for which no CWTs were recovered. Source: Harlan (1999).
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Migration and spawning time were based on data from various sources compiled during the
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Historical demographically independent populations (Figure 7). Letter designations indicate
possible subpopulation designations within the numbered populations. Populations identified in
WDF et al. (1993) as a SASSI stock are indicated by SASSI.

1. Youngs Bay fall run
a. Lewis and Clark River
b. Youngs River
c. Walluski River
d. Klaskanine River
2. Grays River fall run 545
a. Deep River
b. Grays River
3. Big Creek fall run
a. John Day River
b. Mill Creek (Oregon)
c. Big Creek
d. Bear Creek
4. Elochoman River fall run
a. Skamokawa Creek 55!
b. Elochoman River 3455
5. Clatskanie River fall run
a. Plympton Creek
b. Clatskanie River
c. Beaver Creek
6. Mill Creek fall run
a. Mill Creek 5455
b. Abernathy Creek 545
c. Germany Creek 55!
d. Coal Creek
7. Scappoose Creek fall run

a. Tide Creek

b. Goble Creek

c. Milton Creek

d. McNulty Creek
e. Scappoose Creek
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Figure 7.
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Historical demographically independent fall-run chinook salmon populations in the Lower Columbia River ESU.
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Western Cascade Range Tributaries

Rivers in the western Cascade Range are larger than those found in the coastal region,
with headwaters high in the Cascade Mountains. Many rivers are over 100 km long, with basins
covering 1,000 km” or more (Table 1). Snowmelt and groundwater sources are substantial,
maintain good year-round flows and cool water temperatures. River flows peak in December or
January, and sustain at least 50% of peak for 6 months or more. The lower reaches of rivers are
relatively low gradient, but high-gradient sections are common in the middle and upper reaches.
Elevation plays a relatively important role in delineating the boundaries of EPA ecological
regions (Figure 1).

This region extends from the Cowlitz River (RKm 106.2) to the Washougal River (RKm
194.9) on the Washington State side of the Columbia River and from the Willamette River (RKm
162.5) to the Sandy River (RKm 193.6) on the Oregon side. There appear to have been several
major spawning aggregations in this region, based on historical population abundance
information and watershed size (Tables 1 and 2).

Considerable biological information is available for populations in this region. More
importantly, this information is less affected by hatchery influences relative to populations in the
coastal region. This is due, in part, to the larger size of chinook salmon populations, making
them more resilient to the effects of hatchery transfers. Several populations have had little or no
direct hatchery influence (e.g., Coweeman River fall run, Lewis River late-fall run(s), and Sandy
River late-fall run) (Tables 6 and A.1) and give some indication of the historical diversity in
genetic and life-history characteristics.

Three basic life-history types of chinook salmon are found in this region: spring run,
early-fall (tule) run, and late-fall (bright) run. Spring-run chinook salmon were historically found
in the Cowlitz, Kalama, Lewis, and Sandy Rivers, tule fall-run fish were found throughout the
region, and late-fall run fish were found in the Lewis and Sandy Rivers. Spring-run chinook
salmon in the Clackamas River are part of the Upper Willamette River ESU and are discussed in
that section. Spring-run and early fall-run spawning adults were historically separated both
geographically and temporally, whereas the early-fall and late-fall run spawners were primarily
temporally separated. Rivers in this region also provide sufficient habitat for juvenile chinook
salmon to extend their rearing through the summer months. Analysis of scales collected from
naturally spawning fall-run adults indicated that a small proportion (<10%) of fish do not
emigrate until their second spring. Spring-run fish probably emigrated as both subyearlings and
yearlings. However, recent scale collections are heavily biased by releases of primarily yearling
hatchery fish. It is apparent that spring-run juveniles in this region are capable of emigrating to
saltwater during their first year, in contrast to spring-run populations above the Cascade Crest,
which appear to be obligate yearling migrants. In 1955 and 1956, juvenile chinook salmon were
sampled emigrating from the upper Cowlitz River basin as fry during their first spring,
fingerlings during the autumn, and yearling smolts during their second spring (Stockley 1961).
The majority of downstream migrants were fry, and the mode of emigration took place during
June. However, it is not known if these fry were migrating to ocean or downstream rearing sites.
Analysis of ocean distribution, based on the CWT recovery location and age, indicates that only
the Lewis River late-fall run of chinook salmon was distinct, with a more northerly distribution
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(Figure 8, Table 5). Late-fall run populations in the Lewis River and Sandy River also tend to
mature at an older age than early fall-run (tule) chinook salmon (Table 4).

Fall- and spring-run chinook salmon in the Cowlitz River are genetically similar to
populations in the Kalama and Lewis River. This similarity may be due to the geographical
proximity of the rivers. However, in the case of spring-run populations, this similarity is more
likely related to the infusion of Cowlitz Hatchery spring-run chinook salmon into the hatchery
programs in the Kalama and Lewis Rivers (see Appendix B). Dams on the Cowlitz and Lewis
Rivers have eliminated migration access to the majority of historical spring-run spawning
habitat. Genetic analysis of spring-run chinook salmon from the Sandy River indicates that they
are genetically intermediate between spring-run fish in the Lewis River and Upper Willamette
River (see Appendix B). Any present association between fish in the Sandy and Upper
Willamette Rivers is due, in part, to extensive introductions of Willamette River fish into the
Sandy River (Table 6).

Genetic similarities between spring-run and early-fall run fish may be due to the
monophyletic nature of temporal runs in Lower Columbia River tributaries (Myers et al. 1998).
Alternatively, there may have been natural hybridization between the temporal runs, due to the
loss of geographic separation following dam construction or artificial hybridization in the
hatchery due to the overlap in spawning time between the runs (Marshall et al. 1995, Myers et al.
1998). Cowlitz, Kalama, and Lewis River spring-run chinook salmon are all part of WDFW’s
mid- and Lower Columbia spring-run chinook salmon GDU (Marshall et al. 1995).

Migration between basins in this region is substantially lower than between populations
in the coastal region (Figure 3). This may be due to a higher degree of homing fidelity for fish
returning to larger-sized basins. Overall, for the hatchery releases analyzed from this region,
more than 90% of the freshwater recoveries occurred in their natal river basin, and there were
few recoveries of any significance beyond 25 km from the release site (Figure 3).

Suckley (1858) cited reports of “banks and sand bars of the Cowlitz River—a stream
emptying the Columbia at a comparatively short distance from the ocean—Ilined with dead and
dying salmon.” Gilbert and Evermann (1895) reported that quinnat (chinook) salmon were
obtained from the Cowlitz River in great numbers. Fall-run chinook salmon populations still
exist in the Cowlitz River basin, although much of the current escapement is the result of
hatchery production. Historically, the Cowlitz River was the primary producer of chinook
salmon in the Lower Columbia River ESU (Bryant 1949); however, little information is available
on the size of various tributary runs prior to the 1940s. In 1946, WDF and WDG estimated that
14,000 fall-run chinook salmon were spawning in the Cowlitz River above the proposed site of
Mayfield Dam (RKm 84), representing a total run of 63,612.

Fall-run chinook salmon in the Coweeman River represent one of the few remaining
populations in the ESU sustained through natural production. In 1951, it was estimated that
5,000 spawning fall-run chinook were in the Coweeman River, with a total spawning escapement
of 31,000 fall-run chinook salmon throughout the Cowlitz basin (WDF, 1951). Recently,
escapement into the Coweeman River has averaged 800 fish. However, there has been minimal
contribution to escapement by hatchery strays (ODFW 1998). Fall-run chinook salmon
populations in the Toutle River basin were nearly extirpated as a result of the Mount St. Helens
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Figure 8. Standardized dendrogram of coded-wire tagged (CWT) ocean recovery distributions for Lower
Columbia River and Upper Willamette River chinook salmon stocks. Distributions for each stock
were based on at least three release groups (with 100 ocean recoveries [expanded]). Uness
indicated all groups were released from 1981 to 1990: 0 = subyearling release, 1 = yearling release,
90s = release groups from 1991 to 1994, select area brights (SAB) = Rogue River fall-run chinook
salmon released from Big Creek.
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eruption in 1980. The reestablishment of chinook salmon runs in the basin has been achieved
through natural recolonization and introductions of fish from the Cowlitz Salmon Hatchery. In
the Cowlitz River spawner surveys, Bryant (1949) found fall-run fish spawning as far upriver as
the lower reaches of the Tilton and Cispus Rivers (RKm 102 and 148, respectively) (WDF
1951). Evermann and Meek (1898) reported that fall-run chinook salmon entered the Toutle
River in “considerable numbers,” and could be expected after the first of September. Fall-run
chinook salmon were also observed in the Toutle (RKm 27.4) and Coweeman River (RKm 12.1)
basins. Given the distinctiveness of the existing Coweeman River fall-run chinook salmon
population relative to the mainstem Cowlitz River fall-run population(s) (which is heavily
influenced by hatchery releases), it is proposed that historically distinct populations of fall-run
chinook salmon existed in the Coweeman, Toutle, and mainstem Cowlitz Rivers. It is possible
that more than one population existed in the mainstem Cowlitz River, with the steep canyons that
existed near the site of the present-day Mayfield Dam providing some degree of geographic
separation. Furthermore, given the large size of the Toutle River basin (1,200 km?), distinct
populations may have also existed in the North and South Forks Toutle River (Table 1).

Substantial numbers of naturally spawning spring-run chinook salmon returned to the
Cowlitz River basin through the 1960s. Geographically, the Cispus, Tilton, upper Cowlitz, and
Toutle Rivers are large enough to have had enough production capacity to be self-sustaining.
Habitat capacity estimates for these basins ranged from the thousands to tens of thousands of fish
(Bryant 1949). In 1946, the spawning escapement for spring-run chinook salmon in the Cowlitz
River basin above the then-proposed Mayfield Dam site was estimated to be 9,000 fish.
Adjusting for harvest, this estimate represented a total run size of 32,490 fish (WDF and WDG
1946). WDF (1951) estimated that the spawning escapement for the entire Cowlitz River basin
was 10,400 spring-run chinook salmon, with 8,100 spawning in the Cispus River, 400 in the
upper Toutle River, 200 in the Tilton River, and 1,700 in the Upper Cowlitz River. Peak spawner
counts for the Ohanapecosh (upper Cowlitz) and Cispus Rivers averaged 145.2 and 140.6 for the
years 1950-1962, based on index survey areas of 5.6 km and 40 km, respectively (Birtchet and
Meekin 1962). There may have been three or more independent populations of spring-run
chinook salmon in the Cowlitz River basin. The Cispus and upper Cowlitz Rivers appear to have
the geographic and abundance criteria necessary to have supported independent populations. It is
less clear whether habitats in the Tilton and Toutle River basins are suited to spring-run chinook
salmon life-history needs. In contrast to the Cispus and upper Cowlitz River basins, the Tilton
River basin lacks extensive mainstem spawning areas and is not glacially influenced. Thus, there
is some uncertainty whether spring-run chinook salmon in the Tilton River constituted their own
historical DIP or were part of either the Cispus or upper Cowlitz River DIPs. Geographically, the
Toutle River basin is large enough to have sustained a spring-run population, but it may have
lacked the persistent cold-water sources that normally distinguish spring-run chinook salmon
spawning habitat. Gilbert and Evermann (1895) described the Toutle River as being highly
suitable for establishing a salmon hatchery (they based this assessment on reports of a large run
of salmon in the river and observed water conditions, 15°C on 27 August). Evermann and Meek
(1897) reported that salmon were present in the Toutle River in August, but residents indicated
that the run increased after September 1. If spring-run chinook salmon were present they would
have been located in headwater areas at the time of the survey. Furthermore, it is unlikely that
residents could have observed returning spring-run chinook salmon during high spring flows.
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The Kalama River historically had, and currently maintains, a very large population of
fall-run chinook salmon. Although only a small spring-run population exists in the Kalama
River, anecdotal information suggests that the run was considerably larger (WDF 1951). There
is, however, considerable debate on this matter. A hatchery was established in the Kalama River
basin in 1895 (located 7 km from the town of Kalama); however, this site was upstream of the
primary fall-run chinook salmon spawning ground (WDFG 1902). Geographically, there are few
large tributaries to the Kalama, and none with the capacity to support a spawning aggregation
large enough to be considered an independent population.

The Lewis River currently supports three temporal runs: spring-run, early fall-run, and
late fall-run chinook salmon. The early fall-run chinook salmon return primarily to the East Fork
Lewis River in August and September, and spawn from late September to November (Marshall
et al. 1995). Included in the provisional historical population with the early fall-run chinook
salmon in the Lewis River are fall-run chinook salmon that returned to Salmon Creek (Figure 8).
Salmon Creek is a low-gradient stream located 15 km upstream of the Lewis River. By itself, it
may not have had sufficient habitat or the sustained water resources needed for an independent
chinook salmon run, but could have clustered with the lower Lewis River and other smaller
tributary or mainstem spawner aggregations. Late fall-run chinook salmon return to the North
and East Forks Lewis River from August to October, and spawning extends from October to
January. Evermann and Meek (1898) reported that chinook salmon were not seen in the Lewis
River until after August 10 (the beginning of the closed fishing season). Marshall et al. (1995)
report chinook salmon spawning as late as April. A late fall-run chinook salmon population also
exists in the Sandy River (Oregon), and it is genetically similar to the Lewis River populations.
In 1906, John Crawford visited the Lewis River to establish a new hatchery (WDFG 1907). He
surveyed some 16 km upstream of Woodland, Washington, on September 3 and October 2 (peak
spawning time for early fall-run chinook) and did not observe any chinook salmon. This would
suggest that early fall-run chinook salmon might not be native to the Lewis River. An alternative
explanation would be that river conditions were not conducive for surveying salmon in the lower
river. Historically, spring-run chinook salmon were found in the North Fork Lewis River;
however, access to historical habitat was eliminated following the construction of Merwin Dam
(RKm 31) in 1931. Evermann and Meek (1897) reported that river conditions in the South Fork
[East Fork] Lewis River were very different from the North Fork, and that only fall-run chinook
salmon were present. WDFG (1913) reported that the majority of spring-run chinook salmon
spawning occurred in tributaries to the Muddy Fork (also called “The Muddy”) of the Lewis
River. Furthermore, there was little apparent spawning by fall-run chinook salmon above the
hatchery location (Cedar Creek). In April 1926, WDF biologists surveyed the confluence of the
Muddy Fork and North Fork Lewis River (WDFG 1928). They observed a “goodly number” of
large steelhead spawning, in addition to spring “royal” chinook salmon. During the summers of
1926 and 1927, hatchery personnel returned to the site and were able to capture and spawn 48
and 72 female spring-run chinook salmon, respectively (273,000 and 407,050 eggs). There are
no distinctive geographic features or major tributaries to suggest that more than one spring-run
independent population existed in the Lewis River.

Fall-run chinook salmon were also native to the Lower Willamette River and its principal
tributary, the Clackamas River. A tule fall-run existed in the lower Clackamas River until the
1930s, when poor water-quality conditions below Willamette Falls presented a barrier to
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returning fall-run chinook salmon (Parkhurst et al. 1950, Gleeson 1972). Stone (1878) reported
intercepting salmon on 1 September 1877 just above Clear Creek (RKm 13), which “appeared to
lack a week or two yet of being ripe.” Ripe fish were observed by Stone on 12 September 1877,
with fish spawning above and below the Clear Creek site (Stone 1878). In 1902, following
construction of a new weir across the river, 10,018,000 fall chinook salmon eggs were collected
between 22 September and 8 November 1902 (Titcomb 1904). Egg take peaked on 15 October
1902, when 412,000 eggs were taken from 94 females. Dimick and Merryfield (1945) reported
that these fish entered the Willamette River in September and October and spawned soon after
entering the Clackamas River. Willis et al. (1960) speculated that fall-run chinook salmon
spawned throughout the length of the Clackamas River and in nearly all accessible large
tributaries. Fall-run chinook salmon from Lower Columbia River hatchery stocks were
introduced into the Clackamas River from 1952 to 1981 to reestablish the run. Available data on
fall-run chinook salmon in the Clackamas River were collected after reestablishment of the run
and therefore were of little use in characterizing the historical run. Fall-run chinook salmon
probably spawned in the lower reaches of the Clackamas River and other Willamette River
tributaries below Willamette Falls (e.g., Johnson and Abernathy Creeks); they may have
collectively comprised a single demographic population.

The Washougal River is 59 km long and drains a basin of 413 km?. Salmon Falls (RKm
23) and Dougan Falls (RKm 34) may have been migration barriers to fall-run chinook salmon
during low-water periods. Currently, the majority of chinook salmon spawn in a 6-km reach
below Salmon Falls. Parkhurst et al. (1950) estimated that sufficient habitat existed below
Salmon Falls for approximately 5,000 pairs of spawning salmon. The Washougal River branches
into the Little Washougal and West Fork Washougal Rivers. However, neither tributary appears
to be large enough to maintain independent populations of fall-run chinook salmon. Estimates of
stray rates for fish released from the Washougal Hatchery are relatively high, with 27% of the
recoveries in basins other than the Washougal (Figure 3). Given the large number of nonnative,
fall-run chinook salmon released from the Washougal Hatchery, this may not be reflective of an
historical homing fidelity. Despite the potential influence of hatchery transfers, fall-run chinook
salmon sampled from the Washougal River were genetically different from fish from other
basins. Furthermore, there is a general correlation between the geographic proximity of other
basins and the genetic similarity among fish spawning in those basins. Historically, fall-run
chinook salmon returning to the Washougal River may have constituted an independent
population.

Fall- and spring-run chinook salmon are native to the Sandy River. As in the Lewis
River, there are two types of fall-run chinook salmon: early-returning (tule) fall run and late-
returning (bright) fall run. There is some debate about whether the tule fall-run fish are native to
the basin or are descendants of hatchery releases from Lower Columbia River hatcheries. The
late fall-run returns in September and October and spawns throughout December and January
(Howell et al. 1985). There are reports of a winter run in the Sandy River, although Kostow
(1995) suggests that they have been extirpated. It is also possible that the winter-run chinook
salmon observed are the “tail-end” of the late-returning fall-run fish. Late-returning bright fish in
the Lewis River have been observed spawning in April (Marshall et al. 1995). The run of late-
returning fall-run fish may have historically exceeded 5,000 fish, compared with a recent survey
(1997) that observed 1,125 adults (Whisler et al. 1998). There has been no artificial
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supplementation of the late-returning fall run. Genetic analysis indicates a strong association
between Lewis and Sandy River late fall-run chinook salmon, and that these two populations
form a cluster within the general group of other Lower Columbia River populations.

The Sandy River historically had a very large run of spring-run chinook salmon (Table
7). Run size for the Sandy River basin may have been in excess of 12,000 fish (Mattson 1955).
Furthermore, Mattson (1955) estimated that the main stem and tributaries to the Sandy sustained
large numbers of spring-run chinook salmon: Bull Run (5,000), Salmon River (3,000—4,000),
and mainstem Sandy River (3,000-5,000). Oregon Department of Fisheries (ODF) described the
Salmon River . . . as a natural spawning stream from its confluence with the Sandy River to its
source” (ODF 1903).

Genetic analysis of naturally spawning spring-run chinook salmon from the Sandy River
suggested that the Sandy River population is genetically intermediate between Upper Willamette
River populations and Lower Columbia River spring-run populations (NMFS 1998a).
Furthermore, there was little genetic resemblance between the spring-run and bright fall-run fish
in the Sandy River basin. In other Lower Columbia River and Coast Range basins, different run
times in a basin tend to have evolved from a common source. The Sandy River basin is a
deviation from this pattern, although it is probable that the existing spring run is not
representative of the historical population. Microsatellite DNA data indicated that Sandy River
spring-run chinook salmon are genetically distinguishable from the Clackamas Hatchery spring-
run broodstock; however, the degree of differentiation was much less than that between spring
runs in the Sandy and Yakima Rivers. Bentzen et al. (1998) concluded that although some
interbreeding between the Upper Willamette River and Sandy River stocks has occurred, the
Sandy River population still retains some of its original genetic characteristics. The NMFS
Biological Review Team (BRT) concluded that although fish from the Upper Willamette River
ESU have probably interbred with indigenous spring-run fish in the Sandy River, this population
still retains some genetic characteristics from the native population (NMFS 1998a).

Information on life-history characteristics for spring-run fish from the Sandy River basin
is limited. Hatchery collections of spring-run chinook salmon in the Salmon River began in
1896. Fish were observed spawning from mid July to early September, somewhat earlier than
spring-run fish in the Cowlitz, Kalama, and Lewis Rivers. During the first year of operation
(1896), the hatchery collected 2.6 million eggs (2.6 million eggs @ 5,000 eggs/female = 520
females [Craig and Suomela 1940]). In 1901, 413 chinook salmon females were spawned
between 18 July and 3 September, with peak spawning occurring between 15 and 24 August
1901 (ODF 1903). Fall-run chinook salmon were also observed migrating as far as the hatchery
weir on the Salmon River (Mattson 1955). A few fall-run chinook salmon were spawned
between 1 and 16 October 1904 (ODF 1904).

A distinct population of spring-run chinook salmon certainly existed in the Sandy River
basin. However, it is unclear whether spawning aggregations in the Salmon and Zigzag Rivers
and Bull Run constituted independent populations or subpopulations. Late fall-run chinook
salmon were temporally and geographically separated from spring-run fish. Since the late fall-
run fish spawn in the lower portions of the Sandy River, it is unlikely that more than one
population existed. There is some uncertainty regarding the historical existence of early fall-run
chinook in the Sandy River basin.

39



Historical Population Structure of Willamette—Lower Columbia Pacific Salmonids

Table 7. Chinook Salmon escapement estimates for Willamette River tributaries.”

Chinook Salmon 1936-46" 1947 1960° 1995¢ 1999°¢
Fall Run
Clackamas River
Spring Run
Clackamas River 800 433 1,000 818
Willamette Falls 45,000
Tualatin River (Gales Creek) pt
Mollala River basin 550 Insignificant
Mollala River 993 500
Pudding River (Abiqua Creek) 200 50
North Santiam River basin 2,830 2,100 <300
Little North Santiam River 500 380 287 11 redds
North Santiam River 2200 2,450 176 redds
South Santiam River basin 1,300 Insignificant
South Santiam River 392 1100 15 redds
Thomas and Crabtree Creek 155 200
Calapooia River 20 30
McKenzie River (above racks) 250 4,780 1,000
Blue River rpt
Middle Fork Willamette River 2,550 Insignificant
basin
Middle Fork Willamette River 500 2,490
Fall Creek pt 60

* Numbers estimate naturally spawning escapement and may include hatchery-reared chinook salmon.
b Parkhurst et al. (1950)

¢ Willis et al. 1960

4 Nicholas (1995)

¢ Schroeder et al. (2000)

Provisional historical demographically independent populations (Figures 7 and 9).
Letter designations indicate possible subpopulation designations within the numbered
populations. Populations identified in WDF et al. (1993) as a SASSI stock are indicated by SASSI.
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Figure 9. Historical, demographically independent spring-run chinook salmon populations in the Lower
Columbia River ESU.
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Columbia River Gorge Tributaries

This region extends from east of the Washougal River (RKm 194.9) to the White Salmon
River (RKm 270) and from east of the Sandy River (RKm 193.6) to the Hood River (RKm 272).
Rivers in this region of the ESU are heavily influenced by the steeply sloped sides of the
Columbia Gorge. Most streams are relatively short. Impassable falls limit accessible habitat to
less than a half mile on most small creeks. Larger rivers contain falls or a series of cascades in
their lower reaches, which may present migrational barriers during all or most of the year.
Physiographically, this region marks a transition between the high-rainfall areas of the Cascades
and the drier areas to the east. Streamflows can be intermittent, especially during the summer.

Little information is available on the chinook salmon populations that inhabited this
region. The majority of the river systems historically had little accessible habitat for chinook
salmon. Much of what was historically available was inundated with the filling of the Bonneville
Pool. Furthermore, after nearly a century of hatchery releases from a variety of sources into this
region there may be little resemblance between fish currently utilizing many of the smaller
creeks and those that were present historically. Shipherd Falls on the Wind River eliminated
access to all but the lower 5 or 6 km of the river. Little is known of the fall run that utilized this
area. U.S. Bureau of Fisheries hatchery records indicate that several million eggs were collected
annually.

The Big White Salmon River (RKm 270) historically supported runs of both spring- and
fall-run chinook salmon prior to the construction of Condit Dam (RKm 4) in 1913 (Fulton 1968).
Evermann and Meek (1898) observed the beginning of the tribal fishery at the mouth of the Big
White Salmon River. Hatchery records indicate that fall-run chinook salmon in the Little and Big
White Salmon Rivers began spawning in early September, with peak egg takes in the later part of
the month (21 September 1901); 12,840,700 eggs were collected in 1901 (Bowers, 1902).
Historically, anadromous fish may have been able to ascend the Big White Salmon River as far
as Trout Lake (RKm 45.4) (WDF 1951). Fall-run fish from the Big White Salmon River were
used to establish the nearby Spring Creek National Fish Hatchery (NFH) broodstock in 1901
(Hymer et al. 1992). Although a number of different hatchery stocks were transferred to the
Spring Creek NFH, this stock is still most closely affiliated with other Lower Columbia River
fall-run populations (NMFS 1999a). The Spring Creek NFH stock of fall-run chinook salmon
may still retain some historical genetic and life-history characteristics. The life-history
characteristics of fall-run chinook salmon from the Spring Creek NFH do differ somewhat from
other Lower Columbia River chinook salmon stocks. Furthermore, Spring Creek fall-run chinook
salmon are somewhat distinct genetically from the cluster of Lower Columbia River populations.
Historical information would indicate that all of the fall-run populations exhibited an early fall-
run (tule) life history. Furthermore, existing late fall-run (bright) chinook salmon that spawn in
this region appear to be the descendants of hatchery transfers from Upper Columbia River
populations (Marshall et al. 1995).

Fall- and spring-run chinook salmon are native to the Hood River basin. Historically,
large runs of chinook salmon existed in the Hood River basin. However, these runs have
declined dramatically and, despite supplementation efforts, remain at critically low levels.
Currently, fish from the Round Butte Hatchery (Deschutes River, Middle Columbia River
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Spring-Run ESU) are being released into the Hood River basin as part of a reintroduction
program. Fish from the Round Butte introductions and their descendants are not considered part
of the Lower Columbia River ESU. Differences in water conditions in the East and West Forks
of the Hood River may have provided a selective force for local adaptation, resulting in
differences in spawning time and other factors. There is some question as to whether large
numbers of spring-run chinook salmon were ever in the East Fork Hood River. Finally,
differences in the timing and duration of peak flows, temperature, and headwater source between
the Hood and White Salmon Rivers probably limited any substantial gene flow between the two
rivers.

A number of smaller creeks in this region would have provided spawning habitat for fall-
run chinook salmon from Columbia RKm 194 to 270. With the exception of the White Salmon
and Hood Rivers, no single creek appears to provide enough habitat or the geographic separation
necessary to support a DIP. Evermann and Meek (1898) observed “considerable numbers” of
chinook in the Little White and Big White Salmon Rivers and Eagle and Tanner Creeks. No
chinook salmon were observed at the mouth of the Big White Salmon River during a visit on 6
August 1896, but “quite a number” were observed during a return visit on 4 September 1896, at
which time the Indians had already established fishing camps (Evermann and Meek 1898). A
salmon culture station was established on the Little White Salmon River in 1896, and during its
first year of full operation (1897) 12 million eggs were collected (12 million eggs @ 5,000
female = 2,400 females). Bowers (1902) reported that chinook salmon had entered Eagle and
Tanner Creeks by 18 September 1901 and that enough fish were present to provide 2 to 3 million
eggs (3 million eggs @ 5,000 eggs/female = 600 females). Furthermore, these spawning areas
would be susceptible to flooding by the Columbia River, and many may have occasionally
suffered short-term extinctions in the past. Evermann and Meek (1898) noted that Hamilton and
Hardy Creeks, which normally contained a “good many salmon,” were blocked to salmon by
large quantities of wood. Also included are fall-run chinook salmon that may have historically
spawned in the mainstem Columbia River. There is substantial evidence that chinook salmon
historically (and presently) spawned in the mainstem Columbia River upstream of the site of the
former Celilo Falls (Fulton 1968); however, little historical documentation exists for spawning
populations in the main stem below the falls. Stone (1878) reported that the fall-run chinook
salmon frequently spawned on the “sand beds” of the main river, within 80.5 km of the sea
(approximately the limit of tidal influence in the Columbia River). Currently, there are spawning
aggregations of early fall-run and late (bright) fall-run chinook salmon and chum salmon
spawning be