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Erratum

An earlier version of this report contained an error in the data for Elwha River steelhead
(Puget Sound DPS) that resulted in incorrectly classifying hatchery-origin fish as natural-
origin fish. This error has been corrected, resulting in changes to the Elwha River portions of
Figures 95 and 96 and Tables 54 and 56, and some associated textual changes that reference
these items. In addition, a productivity trend graph for Carbon River steelhead (Puget Sound
DPS) was inadvertently omitted from the original report, and has now been added to Figure 96.

We thank John Mahan for bringing the Elwha River data error to our attention.
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Abstract

In the Pacific Northwest, there are currently 18 evolutionarily significant units (ESUs) or
distinct population segments (DPSes) of Pacific salmon and steelhead listed as threatened
or endangered under the Endangered Species Act of 1973 (ESA). The ESA requires that

the National Marine Fisheries Service (NMFS) review the status of listed species under its
authority at least every five years and determine whether any species should be removed
from the list or have its listing status changed. NMFS is conducting such a review in 2020-21
(USOFR 2019). The NMFS West Coast Region (WCR) is responsible for the five-year review
process for Pacific salmon and steelhead (Oncorhynchus spp.) and for decision-making
regarding any proposed changes in listing status. This report provides updated information
and analyses on the biological viability of the listed species, focusing primarily on trends
and status in abundance, productivity, spatial structure, and diversity. The information in
the report will be incorporated into WCR’s review, and WCR will make final determinations
about whether changes in listing status are or are not warranted, taking into account not only
biological information but also ongoing or planned protective efforts and recovery actions.

Several ESUs/DPSes were evaluated to have declining trends in overall status since the last
review. Upper Willamette River steelhead (0. mykiss) and Chinook salmon (0. tshawytscha)
were evaluated to have declining viability due to chronically declining abundance and
persistent concerns regarding spatial structure and diversity. Snake River sockeye (0. nerka)
were evaluated to have a declining viability trend, the result of abundance declines combined
with very high vulnerability to climate change. In contrast, a few ESUs/DPSes were evaluated
to be improving in viability. Lower Columbia River Chinook salmon were evaluated to have
an increasing viability trend, the result of natural spawner increases in multiple populations,
combined with dramatic improvements in the fraction natural-origin spawners in several
populations. Columbia River chum salmon (0. keta) also showed marked improvement in
abundance for several extant populations, although many historical populations remain
extirpated or at extremely low abundance. Puget Sound steelhead also showed some
evidence of improving viability, with the reversal of some previous strongly negative trends.
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Introduction

In the Pacific Northwest (PNW), there are currently 18 evolutionarily significant units
(ESUs) or distinct population segments (DPSes)' of Pacific salmon and steelhead
(Oncorhynchus spp.) listed as threatened or endangered under the Endangered Species Act
of 1973 (ESA; Table 1). The ESA requires that the National Marine Fisheries Service (NMFS)
review the status of listed species under its authority at least every five years and determine
whether any species should be removed from the list or have its listing status changed. The
most recent such review for ESA-listed salmon in the Pacific Northwest occurred in 2016
(WCR 2016). NMFS is again conducting such a review in 2020-21 (USOFR 2019).

The NMFS West Coast Region (WCR) is responsible for the five-year review process for
Pacific salmon and steelhead, and for decision-making regarding any proposed changes

in listing status. This report provides updated information and analyses on the biological
viability of the listed species, focusing primarily on trends and status in abundance,
productivity, spatial structure, and diversity. In some cases, the report considers new
information available on ESU or population boundaries. Where possible, this review also
summarizes current information with respect to recovery goals identified in recovery plans
or technical recovery team (TRT) viability documents.

In three prior viability reports that supported the current listings (Good et al. 2005, Hard

et al.2007, NWFSC 2015), each ESU was categorized as either “in danger of extinction,”
“likely to become endangered,” or “not likely to become endangered,” based on the ESU’s
abundance, productivity, spatial structure, and diversity. In a fourth report (Oregon Coast coho
salmon [O. kisutch]; Stout et al. 2012), the three categories were instead referred to as “high,”
“moderate,” and “low” risk, and included narrative definitions for the “high” and “moderate”
risk categories (see Stout et al. 2012, p. 114). In this report, we use the “high,” “moderate,” and
“low” risk categories of Stout et al. (2012). In addition, we also note whether the viability of each
ESU appears to be unchanged, improving, or declining, even if the magnitude of the change is
not sufficient to warrant a move among the three risk categories (Table 1). The information in
the report will be incorporated into WCR’s review, and WCR will make final determinations
about whether changes in listing status are or are not warranted, taking into account not only
biological information but also ongoing or planned protective efforts and recovery actions.

Several ESUs/DPSes were evaluated to have a declining trend in overall status since the

last review (Table 1). Upper Willamette River steelhead (0. mykiss) and Chinook salmon

(O. tshawytscha) were judged to have declining viability due to chronically declining abundance
and persistent concerns regarding spatial structure and diversity. Snake River sockeye

(O. nerka) were judged to have a declining viability trend, the result of abundance declines
combined with very high vulnerability to climate change. In contrast, a few ESUs/DPSes
were evaluated to be improving in viability. Lower Columbia River Chinook salmon were

'For Pacific salmon, NMFS uses its 1991 ESU policy (NMFS 1991), which states that a population or group of
populations will be considered a DPS if it is an ESU. The species O. mykiss is under the joint jurisdiction of
NMFS and the U.S. Fish and Wildlife Service (USFWS), so in making its listing determinations, NMFS used the
1996 joint DPS policy (USFWS and NMFS 1996) for this species.



Table 1. Summary of current ESA listing status, recent trends, and risk of extinction of Pacific salmon
ESUs/DPSes, by species. Click Chapter number to go directly to the related section of this report.

Salmon ESAlisting Recentviability 2020 extinction
species  ESU/DPS status trend? risk category® Chapter
Chinook  Upper Columbia River spring-run Endangered unchanged high 1
Snake River spring/summer-run Threatened unchanged moderate-to-high 3
Snake River fall-run Threatened unchanged moderate-to-low 4
Upper Willamette River Threatened declining moderate 12
Lower Columbia River Threatened increasing moderate 8
Puget Sound Threatened unchanged moderate 14
Coho Lower Columbia River Threatened unchanged moderate 9
Oregon Coast Threatened unchanged moderate-to-low 18
Sockeye  Snake River Endangered declining high 5
Ozette Lake Threatened mixed moderate-to-high 17
Chum Hood Canal summer-run Threatened unchanged moderate-to-low 16
Columbia River Threatened unchanged moderate 11
Steelhead Upper Columbia River Threatened unchanged high 2
Snake River Basin Threatened unchanged moderate
Middle Columbia River Threatened unchanged moderate 7
Upper Willamette River Threatened declining moderate-to-high 13
Lower Columbia River Threatened unchanged moderate 10
Puget Sound Threatened increasing moderate 15

aRecent viability trend summarizes the short-term trend in viability for each ESU/DPS since the prior viability
report (NWFSC 2015), based on the expert opinion of the chapter author(s) considering all four viable salmonid
population (VSP) criteria (abundance, productivity, spatial structure, and diversity; McElhany et al. 2000).

>An ESU or DPS with a high risk of extinction is at or near a level of abundance, productivity, spatial structure,
or diversity that places its persistence in question, such that the risk of extinction is more than 5% in

100 years. The demographics of an ESU/DPS at a high level of risk may be highly uncertain and strongly
influenced by stochastic or depensatory processes. Similarly, an ESU/DPS may be at high risk of extinction

if it faces clear and present threats (e.g., confinement to a small geographic area, imminent destruction,
modification or curtailment of its habitat, or disease epidemic) that are likely to create such imminent
demographic risk. An ESU or DPS ESU at moderate risk of extinction exhibits a trajectory indicating that

it is more likely than not to be at a high level of extinction risk within 30-80 years. An ESU/DPS may be at
moderate risk of extinction due to projected threats or declining trends in abundance, productivity, spatial
structure, or diversity. Low risk = neither moderate nor high risk.

judged to have an increasing viability trend, the result of natural spawner increases in multiple
populations, combined with dramatic improvements in the fraction natural-origin spawners
in several populations. Columbia River chum (0. keta) also showed marked improvement

in abundance for several extant populations, although many historical populations remain
extirpated or at extremely low abundance. Puget Sound steelhead also showed some
evidence of improving viability, with the reversal of some previous strongly negative trends.



Methods

This report includes both a set of common analyses conducted for every ESU, as well as,

in some cases, ESU-specific analyses developed by the individual TRTs. Here, we describe
only the common set of analyses; see the individual sections for descriptions of the analyses
that pertain to specific ESUs. Abundance and productivity were generally analyzed using
quantitative methods, while spatial structure and diversity were analyzed qualitatively.

Spawning abundance and trends

All of the Pacific Northwest TRTs spent considerable time and effort developing spawning
abundance data for the populations they identified within ESUs. In almost all cases,

these estimates are derived from state, tribal, or federal monitoring programs. The raw
information upon which the spawning abundance estimates were developed consists of
numerous types of data, including redd counts, dam counts, carcass surveys, information
on pre-spawning mortality, and distribution within populations, which the TRTs used to
develop estimates of natural-origin spawning abundance. It is important to recognize that
spawning abundance estimates and related information—such as the fraction of spawners
that are natural-origin—are not, in most cases, “facts” that are known with certainty.
Rather, they are typically estimates based on a variety of sources of information, some
known with greater precision or accuracy than others. Ideally, these estimates would be
characterized by a good understanding of the degree of variation due to measurement
error. However, in many cases, such a statistical characterization is either not possible

or has not been attempted, although many improvements have been made in the last
decade (see specific sections for details). The spawning time series summarized here, and
references to the methods and sources for their development, are available from NWFSC'’s
Salmon Population Summary database,? and are also discussed in the ESU-specific chapters.

Common metrics

Multivariate dynamic linear modeling (DLM) was used to estimate population-specific
mean trends in each ESU from the log of total spawner counts. The result is an estimate
of the mean or smoothed total spawner counts, from which summary statistics regarding
trends were computed. We focus exclusively on fish spawning in nature, but often these
naturally spawning populations include some numbers of hatchery-origin fish, either as
part of a deliberate supplementation effort or due to straying from hatchery programs.
For the rest of this report, a “natural-origin” or “wild” fish refers to a fish whose parents
spawned naturally, and a “hatchery-origin” fish refers to a fish whose parents were
spawned in a hatchery, regardless of prior-generation origin.

Zhttps://www.webapps.nwfsc.noaa.gov/apex/f?p=261:HOME::::::
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In order to estimate the trend of natural-origin spawners in populations that also include
hatchery-origin spawners, a univariate DLM was applied to the logit of the fraction natural-
origin estimate to produce a smoothed proportion natural-origin time series. This was
used to produce an estimate of the mean natural-origin spawners for years when fraction
natural-origin estimates were unavailable.

The mean or smoothed total spawner count is similar in concept to a three- or five-year
geometric mean; the goal is the same—to produce an estimate that smooths over single-
year variation. Such variation arises from observation error in the spawning counts and
also from peaks and troughs in spawner numbers due to the life-history of salmonids or
environmental variation. The multivariate DLM approach has a number of advantages.
Most importantly, it is a statistical model for which maximum-likelihood diagnostics, model
selection criteria, and confidence intervals are available. It is a time-series model, which
addresses temporal autocorrelation in the data. Where there are missing data, it provides
an estimate for the missing year with appropriately wider confidence intervals. And lastly,
it allows us to use information across all populations within an ESU to estimate the level of
year-to-year variation in the mean spawner count—the process variance—and allows us to
estimate the year-to-year covariance, which is often high, across populations within an ESU.
The latter improves estimation of missing values, because populations with data in one
year help inform the values for populations with missing data that year.

Dynamic linear modeling for time-varying trend estimation

DLMs are similar to linear regression models with a yearly trend. Like a classic trend
analysis using linear regression, the goal is to estimate the mean spawner count at x, where
x is year (time). Linear regression models, however, use a time-constant yearly trend (which
appears as the regression line versus time), while DLMs allow the trend to be time-varying.

In mathematical terms, this means that the classic linear regression of log spawners ()
against year treats the trend (§) or yearly growth in the mean spawner count as a constant,
and fits the following model:

™

where y, are the observations, y, is the mean of y, and v, are normal-distributed errors. The
mean spawner count in year t is the mean spawner count in year ¢t -1 plus the constant
trend value (3. Normally, we write this model in classic linear regression form as:

Ye =0+ Pt +v, (2)

with the mean of y, equal to a + 3. A DLM, in contrast, allows us to fit a model with a time-
varying 3. Specifically, the following model:

Vi = Vi1 +Br =Vi—1tut+w (3)

Ve =Y+



The time-varying 3 is
modeled as u + w, where
w, is a normally distributed
random variable.

Figure 1 shows example
spawner data where a
time-varying sinusoidal 3
(yearly growth rate) was
used to generate counts
(the circles) using the DLM
model above. The black line
in the top panel of Figure 1
shows the true mean y. The
red line shows the estimate
from a linear regression of
y against year with a non-
time-varying 3. The blue line
shows the estimate from a
DLM where the 3 is allowed
to vary in time. The bottom
panel shows the estimate
of B compared to the true
sinusoidal  that generated
the data. This illustrates
the power of DLM when the
objective is to estimate a
time-varying trend.
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Figure 1. This figure compares a trend analysis using a non-time-
varying trend (red line) via linear regression versus a trend
analysis using a time-varying trend (blue line). The black
line is the true line we are trying to estimate (with the red or
blue line), and the dots in the top panel are the observations
of the black line. In the top plot, y is the log-spawners. The
trend in the lower plot is the yearly change in log-spawners.

Multivariate DLMs for analysis of multiple time series from one ESU

A multivariate DLM allows one to estimate time-varying trends using multiple observed
time series; in our case, these are populations within ESUs, where parameter sharing is
allowed across the time series. Specifically, one can constrain the variances to be the same
across time series and to allow covariance across time series. The latter allows information
from time series with data in year t to help inform the estimate of mean y for time series
that have no data in year t. The multivariate DLM allowed us to use all spawner count
information in the ESU to deal with measurement error in the spawner count data, and,
more importantly, to estimate missing spawner count data.



Mathematically, the model being fit is:
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The u,are the long-term means of B, The trend at year t is B =U+W,, . The w,and v, are
error terms drawn from a multivariate normal distribution W1th Varlance covariance
matrix Q and R, respectively. The structure of Q and R allows one to specify different types
of parameter constraints (for example equal variances across populations).

Model selection

Model selection was used to select the structure of Q and R. The following structures were

explored for Q:

e Diagonal with unequal variances (no covariance across populations in terms of good
and bad years, and populations allowed to have different year-to-year variability).
e Diagonal with equal variances (no covariance across populations, and populations

constrained to have
the same year-to-year
variability).

e One variance and one
covariance across
all populations,
equal variances and
covariances across
similar run timings in a
population.

e Unconstrained
(unique variances and
covariances across all
populations).

For R, the following structures
were explored:

e Diagonal with
unequal variances (no
covariance).

e Diagonal with equal
variances.
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Figure 2. The estimated mean log (spawners) using a
multivariate DLM. Information from years when data are
available for Time-series 1 is used to inform the estimate for
Time-series 2 for the missing years (marked with circles).



R represents the residual non-time-dependent error and was assumed not to covary across
populations (Q and R cannot both have covariance terms in the DLM due to identifiability
constraints). Across the majority of ESUs, model selection gave the most data support
(quantified with the Akaike information criterion, AICc) to a Q with one variance and one
covariance across all populations in an ESU and an R, the residual variance-covariance
matrix, with one variance across populations. Because Q has covariance terms, estimates
of mean spawner numbers can be provided for populations with missing data because the
data from other populations helps inform the estimates (Figure 2 shows an example).

Code to fit a multivariate DLM

The MARSS R package was used to fit multivariate DLMs to the log-spawner counts (or
indices in some cases). The package handles missing data entered as NAs for missing years.
The following example code fits 2 time-series via a multivariate DLM using the MARSS R
package:

library (MARSS)
logspawners=log(matrix(c(

1106, 1503, 853, 566, 251, 424, 783, 639, 566, 413, 1035, 890,
7348, 6880, 2699, 1096, NA, NA, NA, 1318, 1127, 472, 637, 869

), 2,12, byrow=TRUE))
model=1list(

Q="equalvarcov”,
R="diagonal and equal”,
U="unequal”)

fit=MARSS (logspawners, model=model)

Natural-origin spawner estimates

For some populations, there were estimates of the fraction of total natural spawners that
were of natural-origin. However, for many populations, these data were noisy and had many
missing years. In addition, the number of years with fraction natural-origin information was
often smaller than the years with total spawner counts. To estimate a mean natural-origin
spawner estimate, similar to the mean total spawner estimate, the mean total spawner
estimate was multiplied by a smoothed estimate of the fraction natural-origin. The smoothed
estimate was produced by fitting a univariate DLM to the logit z, =log(f/ (1-f)) of the fraction
natural-origin estimates with a time-varying 8. Specifically, the following model was fit:

Z =Z—1+B.+w
Z=Zt+Ww

)



The mean natural-origin spawner estimate at time t was then y, exp(z,) / (exp(z) +1).

Each time series of fraction natural-origin from each population was fit independently (no
covariance assumed across populations). Missing values were allowed within the fraction
natural-origin time series and would be estimated by the DLM; however, no estimates were
used more than one year before the available data or within one year after. For example, if
the natural-origin data started in 2001, then the first DLM estimate would be for 2000. This
prevented the model from extrapolating too far outside the data.

Summary statistics

The following summary statistics were reported for all ESUs:

e The mean total spawner DLM estimates (from the multivariate DLM fit to the raw
total spawners time series in the ESU).

e The mean natural-origin spawner DLM estimates (the total spawner DLM estimate
times the fraction natural-origin DLM estimate).

e The raw (original data) total spawners and the raw natural-origin spawner
estimates (raw total times fraction natural-origin).

The definition of “spawner” with respect to age varied somewhat across data sources, and

depended in some cases upon decisions made by data providers. For Chinook salmon, jacks
(males one year younger than the model age) were included as spawners in most cases, but
“minijacks” (males two or more years younger than the model age) were never included. Jacks
were not included for coho salmon. For steelhead, only anadromous spawners were included.

These metrics are similar to statistics reported in prior viability reports, and provide

a common set of relatively simple metrics for comparison across all ESUs/DPSes and
populations, and with prior reports. In most cases, there are also ESU/DPS-specific metrics
that were developed by technical recovery teams and/or included in recovery plans. Where
feasible, these metrics are also reported in the individual ESU/DPS chapters.

15-year trends. A linear regression was fit to 15 years of the mean natural-origin spawner
DLM estimates and the slope (trend) reported. The 15-year time period was chosen to
remain consistent with prior viability reports, and does not necessarily correspond to any
peaks or troughs in the time series.

5-year geometric means. 5-year geometric means ((yy,yy,y.)(1/5)) were computed from
the raw total natural spawner and natural-origin spawner DLM estimates. The raw data
could have missing values in the calculation, while the DLM estimates would not. For the raw
estimates, when there were missing values, the geometric mean was computed only from the
non-missing values. For example, if three values were available, ((yy,y,)(1/3)) was reported.

Average fraction natural-origin. These were computed over five-year time frames from
the raw estimates of fraction natural-origin.



Productivity metric. Because age-of-return data were not consistently available across all

ESUs and populations, a generic productivity metric was computed as the mean natural-origin
spawner DLM estimate at year t divided by the mean total spawner DLM estimate (at year t -3
for coho salmon and t - 4 for all other species). This was plotted for all years of available data.

Harvest. We compiled data on trends in the adult equivalent exploitation rate for each ESU.
This information was used to provide some additional context for interpreting abundance
trends, similar to the environmental trend information we also report. It is important to
note that magnitude and trend of an exploitation rate cannot be interpreted uncritically as
a trend in level of risk from harvest. Analyses relating exploitation rate to extinction risk or
recovery probability have been conducted quantitativly for several ESUs (e.g., NMFS 2001,
Ford et al. 2007) and qualitatively for others (NMFS 2004). See specific sections for details.

ESU Boundaries

In its 2015 report, NWFSC (2015) recommended a revision of the steelhead Lower Columbia

River DPS and Upper Willamette River DPS boundaries. Specifically, that the Clackamas River
winter-run steelhead demographically independent population (DIP), originally included as
part of the Lower Columbia River DPS, instead be included in the Upper Willamette River DPS.
Genetic research published since 2015 further supports the closer affinity of the Clackamas River
winter-run steelhead DIP to Upper Willamette River DPS populations, rather than to Lower

Columbia River DPS populations (Winans et al. 2018). We believe that the rationale for revising
the placement of the Clackamas River winter-run steelhead DIP originally stated in the 2015
status review is still accurate and appropriate, and does not need further review or revision.



Interior Columbia River Domain Viability Summaries
Upper Columbia River Spring-run Chinook Salmon ESU

Brief description of ESU

The Upper Columbia River spring-run Chinook salmon ESU includes naturally spawning
spring-run Chinook salmon in the major tributaries entering the Columbia River upstream
of Rock Island Dam and associated hatchery programs (USOFR 2020; Figure 3). The ESU was
listed as Endangered under the ESA in 1999 (and re-affirmed in 2005, 2012, and 2016).

Upper Columbia
River Spring-Run
Chinook Salmon
Oncorhynchus tshawytscha

Major population group
Name

Population
O Name (run, status)
Access

intrinsically blocked

= ////// anthrepogenically blocked
Omak
Run sp = spring

Status __ EX = extant
ET = extirpated
FE = functionally
extirpated

DPS, MPG, and population data
developed by the NMFS West
Coast Region and Northwest
Fisheries Science Center, 2020

&
o
v

5
ﬁ’enatchee

Map prepared April 2021 N

Waenatchee River (sp, EX)

Figure 3. Map of the Upper Columbia River spring-run Chinook salmon ESU’s spawning and rearing
areas, illustrating populations and major population groups.

Summary of previous viability conclusions

2005

In the 2005 review, a slight majority (53%) of the cumulative votes cast by the Biological
Review Team (BRT) members placed this ESU in the “in danger of extinction” category, with
the next category, “likely to become endangered,” receiving a substantial number of votes

as well (45%; Good et al.2005). The 2005 BRT review noted that Upper Columbia River
spring-run Chinook salmon populations had “rebounded somewhat from the critically low
levels” observed in the 1998 review. Although the BRT considered this an encouraging sign,
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they noted that the increase was largely driven by returns in the two most-recent spawning
years available at the time of the review. The BRT ratings were also influenced by the fact
that two out of the three extant populations in this ESU were subject to extreme hatchery
intervention measures in response to the extreme downturn in returns during the 1990s.
Good et al. (2005) stated that these measures were “...a strong indication of the ongoing
risks to this ESU, although the associated hatchery programs may ultimately play a role in
helping to restore naturally self-sustaining populations.”

2010

The viability of the ESU in 2010 was reported in Ford et al. (2011). At that time, the Upper
Columbia River spring-run Chinook salmon ESU was not currently meeting the viability
criteria (adapted from the Interior Columbia Technical Recovery Team [ICTRT]) in the
Upper Columbia Recovery Plan (UCSRB 2007). Increases in natural-origin abundance
relative to the extremely low spawning levels observed in the mid-1990s were encouraging;
however, average productivity levels remained extremely low. Overall, the report concluded
that, although the viability of the Upper Columbia River spring-run Chinook salmon ESU
had likely improved somewhat since the time of the last BRT status review, the ESU was still
clearly at moderate-to-high risk of extinction.

2015

Estimates of natural-origin spawner abundance increased relative to the levels observed

in the prior reviews for all three extant populations, and productivities were higher for the
Wenatchee and Entiat Rivers, and unchanged for the Methow River (NWFSC 2015). However,
abundance and productivity remained well below the viable thresholds called for in

UCSRB (2007) for all three populations. Based on the information available for the 2015 review,
the risk category for the Upper Columbia River spring-run Chinook salmon ESU remained
unchanged from the prior review. Although the viability of the ESU was improved relative
to measures available at the time of listing, all three populations remained at high risk.

Description of new data available for this review

Annual abundance estimates for each of the extant populations in this ESU are generated
based on expansions from redd surveys and carcass sampling. Index area redd counts have
been conducted in these river systems since the late 1950s (Mullan et al. 1992). Multiple pass
surveys in index areas, complemented by supplemental surveys covering the majority of
spawning reaches, have been conducted since the mid-1980s. For more recent years, estimates
of annual returns to the Wenatchee River population also reflect counts and sampling data
obtained at a trap at the Tumwater Dam on the mainstem Wenatchee River downstream of
spring-run Chinook salmon spawning areas. The data series for each population have been
updated to include return years through 2019. Recent-year estimates of spawner abundance,
hatchery- and natural-origin proportions, and age composition were provided by the
Washington Department of Fish and Wildlife (WDFW); recruits-per-spawner data for these
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populations were provided by WDFW and distributed through the Columbia River Basin
Coordinated Assessment Data Exchange.* Smolt-to-adult return rate data were estimated from

PIT-tag detections and distributed by Columbia River DART (Data Access in Real Time).*”

Smolt-to-adult return and recruits-per-spawner rates

Smolt-to-adult return (SAR) estimates (Bonneville Dam to Bonneville Dam) for all three
Upper Columbia River spring-run Chinook salmon population data series are generated by
Columbia River DART (CBR and Washington 2020) using PIT-tag detections from all release
locations within each population basin (Columbia River DART et al. 2020). The indices
represent cumulative marine, nearshore, and estuary survival. The SAR series includes
estimates for the range of brood years 2002-15 (Figure 4). Over the period of record, the
geometric mean SAR for the Entiat and Methow River populations (~3%) represents a low,
but reasonable marine survival, with the Wenatchee River SAR of ~1.5% being on the low
end, as 2% is roughly a replacement rate. Recruits-per-spawner (R/S) indices are reported
as available from StreamNet’s Coordinated Assessment Partnership data portal.® All
populations in the ESU have low (< 1.0) R/S values, implying that the natural replacement
rate is not keeping up with all sources of mortality across the life cycle.
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® Methow
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Figure 4. Smolt-to-adult return (SAR) and recruits-per-spawner (R/S) for each of the populations in
the ESU. Geometric means of SAR (%) and R/S (fish/fish) are shown for each population, along
with the standard error of the estimate (whiskers = +1 SE). The time period included in the SAR
or R/S indices is the past 20 years, depending on data availability.

https://www.exchangenetwork.net/data-exchange/columbia-river-basin-coordinated-assessment/
*http://www.cbr.washington.edu/dart

>Columbia River Steelhead and Chinook Natural Origin Spawner Abundance Dataset (1960-2019). Spawner
abundance data. Washington Department of Fish and Wildlife and Confederated Tribes of the Colville
Reservation. Protocol and methods available: at https://fortress.wa.gov/dfw/score/score/ and https://
www.monitoringmethods.org/Protocol/Details/235. Accessed from www.cax.streamnet.org at 22:00 on

26 May 2020 by M. Williams.

6 https://www.streamnet.org/cap/
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Ocean condition indices

Upper Columbia River spring-run Chinook salmon are a component of the Columbia River
spring Chinook run that is believed to occupy mid-shelf waters during the early ocean life
history phase. Aggregate annual returns of Columbia River spring Chinook are correlated
with a range of ocean condition indices, including measures of broad-scale physical
conditions, local biological indicators, and local physical factors (Peterson et al. 2014a).
Several indicators, either individually or in combination, correlate well with spring
Chinook salmon adult returns with a lag of 1-2 years. However, for each specific indicator
or combination, there are anomalous years that fall outside of the apparent relationships.
Work is continuing to further understand the relationships among physical and biological
“drivers” and annual levels of ocean survival for salmonid species in the ocean environment.
After accounting for age at return at time of ocean entry, the annual pattern in the Upper
Columbia River spring-run Chinook salmon ESU SAR index generally corresponds to the
composite rankings across ocean indicators available for early ocean years starting in the
late 1990s (Peterson et al. 2014b). Indicators of ocean condition are highly correlated with
each other, and exhibit strong temporal autocorrelation (Figure 129; Peterson et al. 2019).
As a result, when indicators point to conditions that result in poor ocean productivity for
salmonid populations, they do so as a suite of indicators, and for runs of “good” or “bad”
years (see Habitat chapter). Historically, ocean conditions cycled between periods of high
and low productivity. However, global climate change is likely to disrupt this pattern, in
general, leading to a preponderance of low productivity years, with an unknown temporal
distribution (Crozier et al. 2019a). Recent (2015-19) ensemble ocean indicator rankings
include four of the worst seven years in the past 20, meaning that an entire Chinook salmon
generation has been subjected to poor ocean productivity conditions (Figure 129).

Abundance and productivity

Updated data series on spawner abundance, age structure, and hatchery/natural
proportions were used to generate current assessments of abundance and productivity at
the population level. Evaluations were done using both a set of metrics similar to those used
in prior BRT reviews (see Methods) and a set corresponding to the specific viability criteria
based on ICTRT recommendations for this ESU. The BRT-level metrics were consistently
done across all ESUs and DPSes to facilitate comparisons across domains. Assessments using
the ICTRT metrics are described in the TRT and Recovery Plan Criteria section. The ICTRT
abundance and productivity metrics are measured over longer time frames to dampen the
effects of annual variations, and they use annual natural-origin age composition to calculate
brood-year recruitment when sampling levels meet regional fishery agency criteria.

Annual spawning escapements for all three of the extant Upper Columbia River spring-run
Chinook salmon populations showed steep declines beginning in the late 1980s, leading to
extremely low abundance levels in the mid-1990s (Figure 5, Table 2). The steep downward
trend reflects the extremely low return rates for natural production from the 1990-94 brood
years (Figure 6). Estimated replacement rates were consistently below 1.0 even at low parent
spawner levels throughout the 1990s. Steeply declining trends across indices of total spawner
abundance were a major consideration in the 1998 BRT risk assessment prior to listing of the
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ESU. Using the updated data series for this review, the short-term (five-year) trend in wild
spawners has been strongly negative for all three extant populations (Table 2). Longer-term
(15-year) trends are also negative for all three populations, although the 95% confidence
intervals in each case include 0 (Table 3). In general, both total and natural-origin escapements
for all three populations increased sharply from 1999 through 2002 and have shown substantial
year-to-year variations in the years following, with peaks around 2001 and 2010 and declines
after 2010. Average natural-origin returns remain well below ICTRT minimum threshold levels.

Salmon, Chinook (Upper Columbia River spring-run ESU)
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Figure 5. Smoothed trend in estimated total (thick black line, with 95% confidence internal in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.

The annual natural return per spawner series for each population directly reflects the
patterns in natural-origin abundance, and was only positive during a period of strong
population increase (Figure 6). Brood-year escapements with positive return per spawner
values are associated with those years leading up to the peaks in natural-origin spawner
returns in each series. Using the R/S and SAR indicators by population (Figure 4), it is
possible to generate an indicator of freshwater productivity (FWPI) as a ratio of R/S and SAR.
This quantity can be thought of as an indicator of smolts per spawner, and thus, the overall
population productivity in the freshwater environment. FWPI for Upper Columbia River
spring-run Chinook salmon populations are low (<100, Figure 7), confirming areas of recovery
action focus such as pre-spawn mortality and juvenile rearing habitat condition. The initial
risk assessment for this ESU (ICTRT 2007) found that achieving natural-origin abundance and
productivity levels above the threshold viability curve corresponding to 5% risk of extinction
will require substantial improvements in survival and/or natural production capacity. The
long-term population productivity data indicate that this assessment is still valid.
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Salmon, Chinook (Upper Columbia River spring-run ESU)
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Figure 6. Trends in population productivity, estimated as the log of the smoothed natural-origin
spawning abundance in year t minus the smoothed natural spawning abundance in year (¢t -4).
Spawning years on x-axis.
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Figure 7. Smolt to adult return (SAR), recruits per spawner (R/S), and freshwater productivity index
(FWPI) for each of the populations in the Upper Columbia River spring-run Chinook salmon
ESU. Geometric means of SAR and R/S are shown for each population, along with the standard
error of the estimate (whiskers represent +1 SE). The time period included in the SAR or R/S
indices is the past 20 years, depending on data.
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Table 2. Five-year geometric mean of raw natural spawner counts in the North Cascades major
population group (MPG). This is the raw total spawner count times the fraction natural estimate,
if available. In parentheses, 5-year geometric mean of raw total spawner counts is shown. The
geometric mean was computed as the product of counts raised to the power of reciprocal the
number of counts available (2 to 5). A minimum of 2 values was used to compute the geometric
mean. Percent change between the 2 most recent 5-year periods is shown on the far right.

Population 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change
Wenatchee River SP 380 (735) 99 (192) 668 (1,652) 379 (1,671) 874 (2,247) 443 (1,092) -49 (-51)
Entiat River SP 153 (179)  37(56)  148(280) 129 (278) 256(333) 137(202) -46 (-39)
Methow River SP 726 (867)  44(75) 292 (2,171) 379 (1,470) 448 (1,820) 232 (659) -48 (-64)

Table 3. Fifteen-year trends in log natural spawner abundance in the North Cascades MPG,
computed from a linear regression applied to the smoothed natural spawner log abundance
estimate. Only populations with at least 4 natural spawner estimates (1980-2014) and with at
least 2 data points in the first 5years and last 5 years of the 15-year period are shown.

Population 1990-2005 2004-19

Wenatchee River SP 0.03 (-0.09, 0.14) -0.03 (-0.09, 0.02)
Entiat River SP 0.03 (-0.09, 0.15) -0.03 (-0.09, 0.03)
Methow River SP -0.05 (-0.15, 0.06) -0.03 (-0.06, 0.01)

Non-treaty harvest

Spring Chinook salmon from the upper Columbia River basin migrate offshore in marine
water and where impacts in ocean salmon fisheries are too low to be quantified. The only
significant harvest in salmon fisheries occurs in the mainstem Columbia River in tribal and
non-tribal fisheries directed at hatchery spring-run Chinook salmon from the Columbia
and Willamette Rivers. Exploitation rates have remained relatively low, generally below the
target rate of 2% (Figure 8).

Spatial structure and diversity

Abundance and productivity are demographic characteristics of a population that
determine its ability to persist into the foreseeable future. Spatial structure and diversity,
the other two VSP parameters (McElhany et al. 2000), are characteristics that influence a
population’s ability to persist and evolve over a much longer time course. Spatial structure
and diversity consider a population’s identifying characteristics—such as utilization of
habitat, distribution of spawning aggregations, genetic and phenotypic traits, life-history
characteristics such as growth rate, frequency and phenology of reproduction (seasonal
run and spawn timing), and age structure. Demographic risks due to low abundance and
productivity are typically shorter-term considerations for viability. Spatial structure and
diversity buffer a population against short-term environmental fluctuations and long-term
climatic change. Compromised spatial structure and diversity are ultimately expressed as
longer-term declines in abundance and productivity.
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origin fractions increased Figure 8. Non-treaty harvest rate for Upper Columbia River
from 2009 to 2017, reflecting spring-run Chinook salmon. Data from the Columbia

increasing natural-origin River Technical Advisory Committee (TAC 2020).

abundance trends and changes

to hatchery management, before declining again in the last two years. There is currently no
direct spring-run hatchery supplementation program in the Entiat River, though the summer-
run releases do have the potential to impact the spring run through redd superimposition.
Prior to 2011, hatchery-origin spawners in the Entiat River system were predominately strays
from Entiat National Fish Hatchery (NFH) releases. The Entiat NFH spring Chinook salmon
release program was discontinued in 2007, and the upward trend in proportional natural-
origin since then can be attributed to that closure. In recent years, hatchery supplementation
returns from the adjacent Wenatchee River program have also strayed into the Entiat River
(Ford et al. 2015). The nearby Eastbank Hatchery facility is used for rearing the Wenatchee
River supplementation stock prior to transfer to the Chiwawa River acclimation pond. It is
possible that some of the returns from that program are homing on the Eastbank Hatchery
facility and then straying into the Entiat River, the nearest spawning area.
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Figure 9. Smoothed trend in the estimated fraction of the natural spawning population consisting of
fish of natural origin. Points show the annual raw estimates.
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Table 4. Five-year mean of fraction natural-origin (sum of all estimates divided by number of estimates).

Population 1995-99 2000-04 2005-09 2010-14 2015-19
Wenatchee River SP 0.56 0.42 0.23 0.40 0.43
Entiat River SP 0.70 0.56 0.47 0.77 0.70
Methow River SP 0.61 0.16 0.27 0.25 0.37

Biological viability relative to recovery goals

NMFS adopted a recovery plan for Upper Columbia River spring-run Chinook salmon and
steelhead in 2007 (USOFR 2007b). The plan was developed by the Upper Columbia Salmon
Recovery Board (UCSRB) and is available through their website.” The plan’s overall goal is
“..to achieve recovery and delisting of spring Chinook salmon and steelhead by ensuring
the long-term persistence of viable populations of naturally produced fish distributed
across their native range” (p.13).

Two incremental levels of recovery objectives are incorporated into the Upper Columbia
Salmon Recovery Plan. Increasing natural production sufficiently to upgrade each upper
Columbia River ESU from “endangered” to “threatened” status is stated as an initial objective.
The plan includes three specific quantitative reclassification criteria expressed relative to
population viability curves (ICTRT 2007). Abundance and productivity of natural-origin
spring-run Chinook salmon within each of the extant upper Columbia River populations,
measured as eight-year geometric means (representing approximately two generations),
must fall above the viability curve representing the minimum combinations projecting to a
10% risk of extinction over 100 years. In addition, the plan incorporates explicit criteria for
spatial structure and diversity adopted from the ICTRT viability report. The mean score for
the three metrics representing natural rates and spatially mediated processes should result
in a moderate or low risk in each of the three populations, and all threats defined as high-risk
must be addressed. In addition, the mean score for the eight ICTRT metrics tracking natural
levels of variation should result in a moderate or low risk score at the population level.

Achieving recovery (delisting) of each ESU via sufficient improvements in abundance,
productivity, spatial structure, and diversity is the longer-term goal of the UCSRB plan. The
plan includes two specific quantitative criteria for assessing the status of the spring-run
Chinook salmon ESU against the recovery objective. First, “The 12-year geometric mean
(representing approximately three generations) of abundance and productivity of naturally
produced spring Chinook within the Wenatchee, Entiat, and Methow populations must reach
a level that would have not less than a 5% extinction risk (viability) over a 100-year period;”
and, second, “at a minimum, the Upper Columbia Spring Chinook ESU will maintain at
least 4,500 naturally produced spawners and a spawner:spawner ratio greater than 1:1
distributed among the three populations” (p.119). The minimum number of naturally
produced spawners (expressed as 12-year geometric means) should exceed 2,000 each for
the Wenatchee and Methow River populations and 500 within the Entiat River. Minimum
productivity thresholds were also established in the plan. The 12-year geometric mean

"https://www.ucsrb.org/
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Table 5. Upper Columbia River spring-run Chinook salmon ESU population viability status summary.
Current abundance and productivity estimates are geometric means (most-recent 10 years for
abundance and 20 years for productivity). Standard deviation of annual abundance, standard
error, and number of qualifying estimates for productivities in parentheses.

Abundance/productivity Spatial structure/diversity

(A/P) metrics (SS/D) metrics
Overall

ICTRT Natural ICTRT Integrated Natural Diversity Integrated risk
Population threshold spawning productivity A/Prisk processes risk SS/Drisk rating

Wenatchee 630 0.89 . . . .
River SP 2000 (sp261) (0.09,17/20)  High Low High High High
Entiat 193 0.90 . . . .
River SP 500 (SD126) (0.14,19/20) High Moderate High High High
Methow 323 0.49 . . . .
River SP 2000 (sp251) (0.33,19/20)  High Low High High High

productivity should exceed 1.2 spawners per parent spawner for the two larger populations
(Wenatchee and Methow Rivers), and 1.4 for the smaller Entiat River population. The ICTRT
had recommended that at least two of the three extant populations be targeted for highly
viable status (less than 1% risk of extinction over 100 years) because of the relatively low
number of extant populations remaining in the ESU. The UCSRB plan adopted an alternative
approach for addressing the limited number of populations in the ESU—a 5% or less risk of
extinction for all three extant populations.

The Upper Columbia Salmon Recovery Plan also calls for “...restoring the distribution of
naturally produced spring Chinook salmon and steelhead to previously occupied areas where
practical; and conserving their genetic and phenotypic diversity” (p. 116). Specific criteria
included in the UCSRB plan reflect a combination of the specific criteria recommended by the
ICTRT (ICTRT 2007) and in the earlier Quantitative Scientific Report effort (Ford et al. 2001).
The plan incorporates spatial structure criteria specific to each spring Chinook salmon
population. For the Wenatchee River population, the criteria call for observed natural spawning
in four of the five major spawning areas, as well as in at least one of the minor spawning areas
downstream of Tumwater Dam. In the Methow River, natural spawning should be observed in
three major spawning areas. In each case, the major spawning areas should include a minimum
of 5% of the total return to the system or 20 redds, whichever is greater. The Entiat River
spring-run Chinook salmon population includes a single historical major spawning area.

Recovery update

The UCSRB plan calls for meeting or exceeding the same basic spatial structure and diversity
criteria adopted from the ICTRT viability report for recovery.

Overall abundance and productivity (A/P) remains rated at high risk for the each of the three
extant populations in this MPG (Table 5). The ten-year geometric mean abundance of adult

natural-origin spawners has not changed by more than 25% relative to the levels reported in
the 2015 status update. Natural-origin escapements still remains well below the corresponding
ICTRT thresholds for all populations. The combinations of current abundance and productivity
for each population result in a high risk rating when compared to the ICTRT viability curves.
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The composite spatial structure/diversity (SS/D) risks for all three of the extant populations
in this MPG are rated at high (Table 5). The spatial processes component of the SS/D risk

is low for the Wenatchee and Methow River populations and moderate for the Entiat River
(due to a loss of production in the lower section which increases effective distance to other
populations). All three of the extant populations in this MPG are rated at high risk for diversity,
driven primarily by chronically high proportions of hatchery-origin spawners in natural
spawning areas and lack of genetic diversity among the natural-origin spawners (ICTRT 2007).

Based on the combined ratings for A/P and SS/D, all three of the extant populations of Upper
Columbia River spring-run Chinook salmon remain rated at high overall risk (Table 5).

Updated biological risk summary

Current estimates of natural-origin spawner abundance decreased substantially relative

to the levels observed in the prior review for all three extant populations. Productivities
also continued to be very low, and both abundance and productivity remained well below
the viable thresholds called for in the Upper Columbia Salmon Recovery Plan for all three
populations. Short-term patterns in those indicators appear to be largely driven by year-
to-year fluctuations in survival rates in areas outside of these watersheds—in particular, a
recent run of poor ocean condition years. All three populations continued to be rated at low
risk for spatial structure, but at high risk for diversity criteria. Large-scale supplementation
efforts in the Methow and Wenatchee Rivers are ongoing, intended to counter demographic
risks given current average survival levels and the associated year-to-year variability.
Under the current recovery plan, habitat protection and restoration actions are being
implemented that are directed at key limiting factors.

Given the high degree of year-to-year variability in life stage survivals and the time

lags resulting from the five-year life cycle of the populations, it is not possible to detect
incremental gains from habitat actions implemented to date in population-level measures
of adult abundance or productivity. Efforts are underway to develop life-stage-specific
estimates of performance (survival and capacities) and to use a life-cycle model framework
to evaluate progress (Zabel and Jordan 2020, Chapter 6). Based on the information available
for this review, the Upper Columbia River spring-run Chinook salmon ESU remains at high
risk, with viability largely unchanged from the prior review (NWFSC 2015).
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Upper Columbia River Steelhead DPS

Brief description of DPS

The Upper Columbia River steelhead DPS includes all naturally spawned anadromous
steelhead (Oncorhynchus mykiss) populations below natural and manmade impassable
barriers in streams in the Columbia River basin upstream from the Yakima River,
Washington, to the U.S.-Canada border, as well as six artificial propagation programs
(USOFR 2020; Figure 10). The Upper Columbia River steelhead DPS was originally listed
under the ESA in 1997; it is currently designated as Threatened.
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Figure 10. Map of the Upper Columbia River steelhead DPS’s spawning and rearing areas, illustrating
populations and major population groups.

NMFS has defined steelhead DPSes to include only the anadromous members of this species
(USOFR 2005b). Our approach to assessing the current viability of a steelhead DPS is based
on evaluating information on the abundance, productivity, spatial structure, and diversity of
the anadromous component of the species (Good et al. 2005, USOFR 2020). Many steelhead
populations along the U.S. West Coast co-occur with conspecific populations of resident
rainbow trout. We recognize that there may be situations where reproductive contributions
from resident rainbow trout may mitigate short-term extinction risk for some steelhead
DPSes (Good et al. 2005, USOFR 2020). We assume that any benefits to an anadromous
population resulting from the presence of a conspecific resident form will be reflected in
direct measures of the current viability of the anadromous form.
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Summary of previous viability conclusions

2005

The 2005 BRT cited low growth rate/productivity as the most serious risk factor for the
Upper Columbia River steelhead DPS (Good et al. 2005). In particular, the BRT concluded
that the extremely low replacement rate of natural spawners highlighted in the 1998 review
continued through the subsequent brood cycle. The 2005 BRT assessment also identified
very low natural spawner abundance compared to interim escapement objectives, and high
levels of hatchery spawners in natural areas, as contributing risk factors. The 2005 BRT
report did note that the number of naturally produced steelhead returning to spawn within
this DPS had increased over the levels reported in the 1998 status review. As with the Snake
River Basin and Middle Columbia River DPS reviews, the 2005 BRT recognized that resident
0. mykiss were associated with anadromous steelhead production areas for this DPS. The
review stated that the presence of resident O. mykiss was considered a mitigating factor by
many of the BRT members in rating extinction risk.

2010

The 2010 status review update reported that upper Columbia River steelhead populations
had increased in natural-origin abundance in recent years, but productivity levels remained
low (Ford et al. 2011). The proportions of hatchery-origin returns in natural spawning areas
remained extremely high across the DPS, especially in the Methow and Okanogan River
populations. The modest improvements in natural returns that had been observed in the
years prior to the review were probably primarily the result of several years of relatively
good natural survival in the ocean and in tributary habitats. Tributary habitat actions called
for in the Upper Columbia Salmon Recovery Plan were anticipated to be implemented over
the next 25 years, and the benefits of some of those actions would require some time to be
realized. Overall, the new information considered did not indicate a change in the biological
risk category since the time of the last BRT status review.

2015

Based on the review in 2015, upper Columbia River steelhead populations were determined
to have increased relative to the low levels observed in the 1990s, but natural-origin
abundance and productivity remained well below viability thresholds for three out of the
four populations (NWFSC 2015). The viability of the Wenatchee River steelhead population
continued to improve based on the additional years’ information available for this review.
The abundance and productivity viability rating for the Wenatchee River exceeds the
minimum threshold for 5% extinction risk. However, the overall DPS viability remains
unchanged from the prior review, remaining at high risk driven by low abundance and
productivity relative to viability objectives and diversity concerns. Application of the criteria
for abundance/productivity results in relatively coarse-scale ratings for each population.
Across interior Columbia River basin DPSes, the populations differ in the relative changes in
survival or limiting capacities that could lead to viable ratings. The required improvement
to improve the abundance/productivity estimates for Upper Columbia River steelhead DPS
populations is at the high end of the range for all listed interior populations.
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Description of new data available for this review

The 2015 NWFSC status review (NWFSC 2015) evaluated the viability of the Upper
Columbia River steelhead DPS based on data series through cycle year 2013-14 for each of
the four extant populations, along with sampling information collected at Priest Rapids
Dam (for the aggregate return to the upper Columbia River basin) and Wells Dam (for

the Methow and Okanogan River populations combined). Estimates generated using that
methodology are currently available through the 2018-19 cycle years for each population.
Spawning escapement estimates are based on a run reconstruction model incorporating
annual dam counts, the results of a three-year radio tracking program, and estimates of
broodstock and fisheries removals in various reaches above Rock Island Dam. Estimates
are generated by Washington Department of Fish and Wildlife (WDFW) regional staff
(incorporating information from the Colville Tribal Fish and Wildlife Department) and

are available through the StreamNet Coordinated Assessment Partnership website.? An
updated approach for estimating population-level escapements has been initiated in recent
years. That approach uses mark-recapture statistics based on data generated from the
combination of systematic PIT-tagging® of a target proportion of the returns passing Rock
Island Dam (below all four population spawning tributaries) and subsequent detections at
arrays in each of the tributaries (Waterhouse et al. 2020). Comparisons of the results from
the updated approach with the methods used in prior years indicate that they generally
produce compatible estimates for a given year. Preliminary results are included in this
assessment, in parallel to the ongoing data collection-based population assessments, with
the understanding that ongoing methodological and data evaluations will result in a single
approach to annual population enumeration in the future.

Smolt-to-adult return and recruits per spawner rates

Smolt-to-adult return (SAR) estimates (Bonneville to Bonneville) for all four Upper Columbia
River steelhead population data series are generated by the Columbia River Data Access in
Real Time (CBR and UW 2020) project using PIT-tag detections from all release locations
within each population basin (CBR and UW 2020). The indices represent cumulative
marine, nearshore, and estuary survival. The SAR series includes estimates for the range of
brood years 2002-15 (Figure 11). Over the period of record, the geometric mean SAR for the
Entiat, Methow, and Okanogan River populations (~3%) represents a low, but reasonable
marine survival (2% is generally considered a minimal replacement rate), with the
Wenatchee SAR of ~5% being a robust rate for a stable population. Recruits per spawner
(R/S) indices are reported as available from the StreamNet data portal (StreamNet 2020).
All populations in the ESU have low (<1.0) R/S values, implying that the natural replacement
rate is not keeping up with all sources of mortality across the life cycle.

8https://www.streamnet.org/cap/
9PIT = passive integrated transponder.
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that appear to be driven by factors affecting them early in their ocean residence, despite
steelhead smolts generally being larger than Pacific salmon smolts when they enter the
ocean and all making wide-ranging, off-the-continental-shelf migrations, rather than
remaining more coastal, as Pacific salmon smolts tend to do (Kendall et al. 2017).

winter (Atcheson et al. 2012).
Thus, steelhead ocean survival

Aggregate annual returns of Columbia River steelhead are correlated with a range of ocean
condition indices, including measures of broad-scale physical conditions, local biological
indicators, and local physical factors (Peterson et al. 2014a). Work is ongoing to relate
indices of ocean condition to steelhead populations up and down the U.S. West Coast.
Steelhead marine survival seems to be related to ocean surface temperature in the first
summer of ocean entry, and populations respond similarly to spatial patterns of ocean
conditions at a rough grain of 250 km between ocean entry points (Kendall et al. 2017).
Therefore, broad spatial patterns of ocean conditions may not capture the finer spatial scale
of response that steelhead seem to exhibit.

Indicators of ocean condition are highly correlated with each other, and exhibit strong
temporal autocorrelation (Figure 129; Peterson et al. 2019). As a result, when indicators
point to conditions that result in poor ocean productivity for salmonid populations, they
do so as a suite of indicators, and for runs of “good” or “bad” years (see Habitat chapter).
Historically, ocean conditions cycled between periods of high and low productivity.
However, global climate change is likely to disrupt this pattern, in general, leading to a
preponderance of low productivity years, with an unknown temporal distribution (Crozier
et al. 2019a). Recent (2015-19) ensemble ocean indicator rankings include four of the worst
seven years in the past 20, meaning that an entire salmon or steelhead generation could
have been subjected to poor ocean productivity conditions (Figure 129).
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Abundance and productivity

Updated data series on spawner abundance, age structure, and hatchery/natural proportions
were used to generate current assessments of abundance and productivity at the population
level. Evaluations were done using both a set of metrics corresponding to those used in prior
ESA Status Reviews, as well as a set corresponding to the specific viability criteria based on
ICTRT recommendations for this DPS. The standard Status Review metrics were consistently
done across all ESUs and DPSes to facilitate comparisons across domains. Assessments using
the ICTRT metrics are described in the TRT and Recovery Plan Criteria section. The ICTRT
abundance and productivity metrics are measured over longer time frames to dampen the
effects of annual variations, and they use annual natural-origin age composition to calculate
brood-year recruitment when sampling levels meet regional fishery agency criteria.

The most recent estimates (five-year geometric mean) of total and natural-origin spawner
abundance have declined dramatically, erasing gains observed over the past two decades
for all four populations (Figure 12, Table 6). Recent declines are persistent and large
enough to result in small, but negative, 15-year trends in abundance for all four populations
(Table 7). Updated spawner estimation methods show a strong concordance with existing
methods (Figure 13), which is extremely encouraging as the estimation process based on
detecting tags from a run-at-large tagging program is a very robust approach to monitoring
across the DPS. Annual brood-year R/S estimates have been well below replacement in
recent years for all four populations. The R/S estimates summarized in Figure 14 are ratios
of the estimated natural-origin returns produced from spawners in each brood year, under
the assumption that both hatchery- and natural-origin fish contribute to production as
parent spawners. All populations are consistently exhibiting natural production rates well
below replacement, and natural production has also declined consistently, resulting in an
increasing fraction of hatchery fish on the spawning grounds each year.

The required improvement to increase abundance and productivity for Upper Columbia
River steelhead populations is at the high end of the range for all listed interior populations.
Using the R/S and SAR indicators by population (Figure 15), it is possible to generate an
indicator of freshwater productivity (FWPI) as a ratio of R/S and SAR. This quantity can

be thought of as an indicator of smolts per spawner, and thus, the overall population
productivity in the freshwater environment. FWPI for Upper Columbia River steelhead
populations is very low (<100, Figure 15), confirming areas of recovery action focus such

as pre-spawn mortality and juvenile rearing habitat condition, as well as mainstem
migratory impacts as the SAR are based on Bonneville to Bonneville tag detections and the
R/S are based on spawning-ground recruits. The initial ICTRT assessment of abundance/
productivity gaps resulted in a pattern similar to that indicated by the long-term productivity
metrics (ICTRT 2007). The Wenatchee River population has somewhat higher productivity
(SAR, R/S, and FWPI) than the remaining populations in the DPS, but still falls into a high-
risk category due to the recent downward trend in both abundance and productivity.

25



Steelhead (Upper Columbia River DPS)
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Figure 12. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot. Upper panel is the traditionally
generated spawner abundance time series for each population. Lower panel is population
estimates based on PIT-tag detections within each population watershed relative to tagging the

aggregate upper Columbia River run at large.
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Table 6. Five-year geometric mean of raw natural spawner counts in the North Cascades MPG. This
is the raw total spawner count times the fraction natural estimate, if available. In parentheses,
5-year geometric mean of raw total spawner counts is shown. The geometric mean was
computed as the product of counts raised to the power 1 over the number of counts available
(2 to 5). A minimum of 2 values was used to compute the geometric mean. Percent change
between the 2 most recent 5-year periods is shown on the far right.

Population 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change
Wenatchee River 527 (1,847) 264 (741) 774 (2,319) 684 (1,857) 1,497 (2,774) 554 (1,104) -63 (-60)
Entiat River 68(134) 38(201)  110(491) 102(462) 203 (688) 92 (280) -55(-59)
Methow River 210 (1,206) 97 (937) 435 (4,255) 523 (3,599) 829 (3,833) 595 (1,954) -28 (-49)
Okanogan River 65(678)  25(526) 124(2,178) 184 (1,328) 404 (2,122) 223 (1,020) -45 (-52)

Table 7. Fifteen-year trends in log natural spawner abundance in the North Cascades MPG,
computed from a linear regression applied to the smoothed natural spawner log abundance
estimate. Only populations with at least 4 natural spawner estimates (1980-2014) and with at
least 2 data points in the first 5 years and last 5 years of the 15-year period are shown.

Population 1990-2005 2004-19

Wenatchee River 0.06 (0.01, 0.12) -0.10 (-0.15, -0.06)
Entiat River 0.11 (0.05,0.17) -0.06 (-0.11,-0.01)
Methow River 0.11 (0.06,0.17) -0.05 (-0.10,-0.01)
Okanogan River 0.10 (0.05, 0.16) -0.06 (-0.11, -0.02)

Upper Columbia Steelhead (2011-2018)
2500

1500

Observed Spawners

0 500 1000 1500 2000 2500
Modeled Spawners

Figure 13. Estimated spawners relative to observed spawners across all 4 populations for all years where
both measures exist. Black line represents the expected 1:1 relationship if the run-at-large, tagging-
based, model-estimated population measures match the current redd survey-based measures.
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Steelhead (Upper Columbia River DPS)
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Figure 14. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢ - 4). Spawning
years on x-axis.
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Figure 15. Smolt to Adult Return, Recruits per Spawner, and Freshwater Productivity Index (FWPI)
for each of the populations in the DPS. Geometric means of SAR and R/S are shown for each
population, along with the standard error of the estimate (whiskers represent +/- one standard
error). The time period included in the SAR or R/S indices is the past 20 years, depending on
data availability. The FWPI is constructed as a ratio of the geomean R/S and SAR, and can be
thought of as a measure of smolts per spawner.

28



Spatial structure and diversity

With the exception of the Okanogan population, the upper Columbia River steelhead
populations were rated as low-risk for spatial structure. The high-risk ratings for diversity are
largely driven by high levels of hatchery spawners within natural spawning areas, and lack
of genetic diversity among the populations. The basic major life-history patterns (summer
A-run type, tributary and mainstem spawning/rearing patterns, and the presence of resident
populations and subpopulations) appear to be present. All of the populations were rated

at high risk for current genetic characteristics by the ICTRT. Genetics samples taken in the
1980s indicate little differentiation within populations in the Upper Columbia River steelhead
DPS. More recent studies within the Wenatchee River basin have found differences between
samples from the Peshastin River, believed to be relatively isolated from hatchery spawning,
and those from other reaches in the basin. This suggests that there may have been a higher
level of within- and among-population diversity prior to the advent of major hatchery releases
(Seamons et al. 2012). Genetic studies are underway based on sampling in the Wenatchee River,
as well as other Upper Columbia River steelhead DPS tributaries, and should allow for future
analyses of current genetic structure and any impacts of changing hatchery release practices.

Hatchery-origin returns continue to constitute a high fraction of total spawners in natural
spawning areas for this DPS (Table 8). The estimated proportion of natural-origin spawners
has increased consistently since the late 1990s for all four populations (Figure 16). Natural-
origin proportions were highest in the Wenatchee River (58%). Although increasing,
natural-origin proportions in the Methow and Okanogan Rivers remained at low levels.
There are currently direct releases of hatchery-origin juveniles in three of the four
populations, the exception being the Entiat River. Based on PIT-tag detections, hatchery-
origin spawners in the Entiat River include stray hatchery returns from releases into the
Wenatchee River (Hillman et al. 2015). Reproductive effectiveness studies on the Wenatchee
River population indicate that hatchery-hatchery matings have dramatically reduced
fitness compared to matings among natural-origin fish (Ford et al. 2016), reinforcing the
weight the ICTRT placed on the presence of hatchery-origin spawners in the SS/D metric.

Table 8. Five-year mean of fraction natural-origin (sum of all estimates divided by the number of

estimates).
Population 1995-99 2000-04 2005-09 2010-14 2015-19
Wenatchee River 0.41 0.34 0.38 0.56 0.50
Entiat River 0.21 0.24 0.24 0.30 0.33
Methow River 0.13 0.11 0.15 0.24 0.31
Okanogan River 0.05 0.06 0.14 0.21 0.24

29



Figure 16. Smoothed trend in the estimated fraction of the natural spawning population consisting
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Figure 17. Harvest rates for non-treaty Upper Columbia River steelhead. As of 2012, reporting is
generated across two management periods, Fall (orange line) and Winter/Spring/Summer (gray
line). Prior to 2012, harvest rate reporting was across all of the calendar year (blue line; TAC2020).
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Non-treaty harvest

Steelhead were historically taken in tribal and non-tribal gillnet fisheries, and in
recreational fisheries in the mainstem Columbia River and in tributaries. In the 1970s,
retention of steelhead in non-treaty commercial fisheries was prohibited, and in the mid-
1980s, tributary recreational fisheries in Washington adopted mark-selective regulations.
There is incidental mortality associated with mark-selective recreational fisheries.

Sport fisheries targeting hatchery-run steelhead occur in the mainstem Columbia River
and in several upper Columbia River tributaries. In recent years, upper Columbia River
exploitation rates have been stable at around 1.5%. As of 2012, rates are estimated over two
management intervals per year, Fall and Winter/Spring/Summer (Figure 17).

Biological viability relative to recovery goals

NMFS adopted a recovery plan for Upper Columbia River spring-run Chinook salmon and
steelhead in 2007 (USOFR 2007b). The plan was developed by the Upper Columbia Salmon
Recovery Board (UCSRB) and is available through their website.

Achieving recovery (delisting) of each ESU via sufficient improvement in abundance,
productivity, spatial structure, and diversity is the longer-term goal of the UCSRB plan. The
plan includes specific quantitative criteria expressed relative to population viability curves
(ICTRT 2007). It includes two quantitative criteria for assessing the viability of the steelhead
DPS against the recovery objective: First, “The 12-year geometric mean (representing
approximately three generations) of abundance and productivity of naturally produced
steelhead within the Wenatchee, Entiat, and Methow populations must reach a level that
would have not less than a 5% extinction risk (viability) over a 100-year period;” and, second,
“at a minimum, the Upper Columbia Steelhead DPS will maintain at least 3,000 naturally
produced spawners and a spawner:spawner ratio greater than 1:1 distributed among the three
populations” (p.121). The minimum number of naturally produced spawners (expressed as
12-year geometric means) should exceed 1,000 each for the Wenatchee and Methow River
populations and 500 each for the Entiat and Okanogan River populations. The plan also
established minimum productivity thresholds. These natural spawner abundance criteria
replace the interim targets referenced in the 2005 BRT report. The 12-year geometric mean
productivity should exceed 1.1 spawners per parent spawner for the two larger populations
(Wenatchee and Methow Rivers), and 1.2 for the smaller Entiat and Okanogan River populations.

The ICTRT had recommended that at least two of the four extant populations be targeted
for highly viable status (less than 1% risk of extinction over 100 years) because of the
relatively low number of extant populations remaining in the DPS. The UCSRB plan adopted
an alternative approach for addressing the limited number of populations in the DPS—5%
or less risk of extinction for at least three of the four extant populations.
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The plan also calls for “... restoring the distribution of naturally produced spring Chinook
salmon and steelhead to previously occupied areas where practical, and conserving their
genetic and phenotypic diversity” (p.117). Specific criteria included in the plan reflect a
combination of the criteria recommended by the ICTRT (ICTRT 2007) and an earlier pre-TRT
analytical project (Ford et al. 2001). The plan incorporates spatial structure criteria specific to
each steelhead population. For the Wenatchee River population, the criteria require observed
natural spawning in four of the five major spawning areas as well as in at least one of the
minor spawning areas downstream of Tumwater Dam. In the Methow River, natural spawning
should be observed in three major spawning areas. In each case, the major spawning areas
should include a minimum of 5% of the total return to the system or 20 redds, whichever is
greater. In the Entiat River, natural spawning should be observed in both historical major
spawning areas, with a distribution criteria similar to the Methow River. In the Okanogan
River, natural spawning should be observed within the two major spawning areas and within
at least two of the five minor spawning areas, with a numerical distribution similar to the
Methow River, across the minor spawning areas. The plan incorporates criteria for spatial
structure and diversity adopted from the ICTRT viability report. The mean score for the
three metrics representing natural rates and spatially mediated processes should result in

a moderate or low risk in each of the three populations, and all threats defined as high-risk
must be addressed. In addition, the mean score for the eight ICTRT metrics tracking natural
levels of variation should result in a moderate or low risk score at the population level.

Table 9. Viability assessments for extant Upper Columbia River steelhead DPS populations. Natural
spawning abundance: most recent 10-year geometric mean (range). ICTRT productivity: 20-
year geometric mean for parent escapements below 75% of population threshold. Current
abundance and productivity estimates are geometric means. Range in annual abundance,
standard error, and number of qualifying estimates for productivities in parentheses.

Abundance/productivity Spatial structure/diversity
(A/P) metrics (SS/D) metrics

Overall
ICTRT Natural ICTRT Integrated Natural Diversity Integrated risk
Population threshold spawning productivity A/Prisk processes risk SS/Drisk rating

Wenatchee 931 0.95

River 1,000 (SD667)  (0.06,13/20) Moderate Low High High High
E?‘Zit 500 (s})4§9) (0_1(7):42303/2 o) High  Moderae  High High High
glifg;ow 1,000 (55%7) (0_22‘??3 20y Migh Low High High High
gﬁ/ae‘;"gan 750 (53229) (0_25?'22 20y High High High High High
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Updated biological risk summary

Given the recent changes in hatchery practices in the Wenatchee River and the potential for
reduced hatchery contributions or increased spatial separation of hatchery- vs. natural-origin
spawners, it is possible that genetic composition could trend toward patterns consistent with
strong natural selection influences in the future. Ongoing genetic sampling and analysis could
provide information in the future to determine if the diversity risk is abating. The proportions
of hatchery-origin returns in natural spawning areas remain high across the DPS, especially
in the Methow and Okanogan River populations. Tributary habitat actions called for in the
Upper Columbia Salmon Recovery Plan are anticipated to be implemented over the next
25years, and the benefits of some of those actions will require some time to be realized.

The most recent estimates (five-

year geometric mean) of total and Table 10. Upper Columbia River steelhead DPS
natural-origin spawner abundance population risk ratings integrated across the four
have declined since the last report, VSP parameters. Viability key: HV = highly viable,

V =viable, M = maintained, HR = high risk (does not

largely erasing gains observed over e N
meet viability criteria).

the past two decades for all four
populations (Figure 12, Table 6). SS/D risk
Recent declines are persistent and
large enough to result in small,

Verylow Low Moderate High

but negative 15-year trends in Very low i . . M
abundance for all four populations (<1%)

(Table 7). The abundance and

productivity viability rating for (1_é‘&)“)' \% \ \ M
the Wenatchee River exceeds A/P

the minimum threshold for risk| Moderate n n n (Weril:chee
5% extinction risk. The overall (6-25%) River)
Upper Columbia River steelhead HR
DPS viability remains le}rgely . High R R R I\El}iltlﬁljl:v
unchanged from the prior review, (>25%) R
and the DPS is at high risk driven Rivers)

by low abundance and productivity
relative to viability objectives and
diversity concerns (Tables 9 and 10).

Snake River Spring/Summer-run Chinook Salmon ESU

Brief description of ESU

The Snake River spring/summer-run Chinook salmon ESU includes all naturally spawned
populations of spring/summer-run Chinook salmon in the mainstem Snake River and

the Tucannon, Grande Ronde, Imnaha, and Salmon River sub-basins, as well as in fifteen
artificial propagation programs (USOFR 2020; Figure 18). The ESU was first listed under the
ESA in 1992, and the listing was reaffirmed in 2005 and 2012.
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Figure 18. The Snake River spring/summer-run Chinook salmon ESU’ spawning and rearing areas,
illustrating populations and major population groups.

Summary of previous viability conclusions

2005

The 2005 BRT report evaluated the viability of Snake River spring/summer-run Chinook
salmon using data on returns through 2001, with the majority of BRT risk rating points
being assigned to the most-likely-to-be-endangered category (Good et al. 2005). The BRT
noted that although there were a number of extant spawning aggregations within this ESU, a
substantial number of historical spawning populations had been lost. The most serious risk
factor for the ESU was low natural productivity (spawner-to-spawner return rates) and the
associated decline in abundance to extremely low levels relative to historical returns. Large
increases in escapement estimates for many (but not all) areas for the 2001 return year
were considered encouraging by the BRT. However, the BRT also acknowledged that return
levels were highly variable, that abundance should be measured over at least an eight-year
period, and that, by this measure, the then-recent abundance levels across the ESU fell short
of interim objectives. The BRT was concerned about the high level of production/mitigation
and supplementation hatchery programs across the ESU, noting that these programs
represented ongoing risks to natural populations and made it difficult to assess trends in
natural productivity and growth rates. The phasing out of the non-native Rapid River-origin
hatchery program in the Grande Ronde River basin was viewed as a positive action.
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2010

Ford et al. (2011) concluded that population-level viability ratings remained at high risk
across all MPGs within the ESU. Although natural spawning abundance estimates had
increased, all populations remained below minimum natural-origin abundance thresholds.
Relatively low natural production rates and spawning levels below minimum abundance
thresholds remained a major concern across the ESU. The ability of populations to be self-
sustaining through normal periods of relatively low ocean survival remained uncertain.
Factors cited by the 2005 BRT (Good et al. 2005) remained as concerns or key uncertainties
for several populations. Overall, the new information considered in 2010 did not indicate a
change in the biological risk category since the time of the prior BRT status review in 2005.

2015

NWFSC (2015) concluded that the majority of populations in the Snake River spring/
summer-run Chinook salmon ESU remained at high overall risk. Natural-origin abundance
had increased over the levels reported in the prior review for most populations in this

ESU, but the increases were not substantial enough to change viability ratings. Relatively
high ocean survivals in recent years were a major factor in recent abundance patterns. Ten
populations increased in both abundance and productivity, seven increased in abundance
while their updated productivity estimates decreased, and two populations decreased in
abundance and increased in productivity. Spatial structure ratings remained unchanged from
the prior reviews, with low or moderate risk levels for the majority of populations in the ESU.

Description of new data available for this review

The previous ESA status review (NWFSC 2015) analyzed spawner abundance data series

for most populations in this ESU using expansions from index-area redd counts and weir
estimates (ICTRT 2010). The current ICTRT data series extends the time period of record
through at least the 2018 or 2019 return year for populations across all of the MPGs in

the Snake River spring/summer-run Chinook salmon ESU. Data and analyses used in

this assessment were obtained primarily from state and tribal fisheries agencies. Oregon
Department of Fish and Wildlife (ODFW), WDFW, and Idaho Department of Fish and Game
(IDFG) updated annual estimates of spawning escapement, hatchery/natural spawner
fractions, and age composition for most populations, often incorporating data generated

by regional projects conducted by the Nez Perce, Umatilla, and Shoshone-Bannock tribal
fisheries departments. In several cases, the primary source for information on a population
was an ongoing tribal sampling program (e.g., the Didson sonar-based program in the Secesh
River and the mark recapture weir sampling project in Johnson Creek, both conducted by the
Nez Perce Tribal Department of Fisheries Resources Management [NPT]). A major advance
since the data compilation efforts leading to the 2015 ESA status review has been the
cooperative efforts of regional fish managers to maintain regionally compatible databases
using standardized formats and methods to promote efficiency and access to population-
level estimates of key viability indicators, including spawning abundance, hatchery/natural
proportions, and age structure through the Coordinated Assessment Partnership.
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Efforts to refine and document the estimates for individual populations have continued. In
most cases, updates to estimated escapements or hatchery/natural spawner proportions
for prior years have been relatively minor. Notable additions and changes include
incorporation of additional spawner survey and weir count data provided by the Shoshone-
Bannock Tribes Fish and Wildlife Department (SBT) into population-level spawner
estimates for the Yankee Fork and Panther Creek.

PIT-tag detection-based population abundance estimates for populations above Lower
Granite Dam have been generated for return years 2010-19 based on a state-space

patch occupancy model (the Dam Adult Branch Occupancy Model, DABOM) that
partitions the natural-origin run at large passing Lower Granite Dam into 28 population
groups (IPTDSW 2020). By combining parentage-based-tagging (PBT) identification of
phenotypically unmarked hatchery-origin fish, PIT-tag-based escapement data can be
used to more robustly estimate natural-origin population abundance. This approach adds
valuable information to the robust population estimation process that has been in place
for decades based on redd and weir counts. For example, by incorporating data from sex
markers and scale ageing, estimates of sex ratio (Figure 19) and age structure can be made
for each of the patches in the population estimation model.
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Figure 19. Natural-origin spring/summer-run Chinook salmon female proportion (95% confidence
intervals shown in gray) by year and population (grouped by MPG), as estimated from
the state-space patch occupancy model, DABOM. Note that the figure includes non-listed
population groups from the Clearwater River basin, reproduced directly from IPTDSW 2020.
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Population genetic structure

Sampling of adult Snake River spring/summer-run Chinook salmon at Lower Granite Dam,
and subsequent detections of PIT tags in ICTRT population spawning areas, has allowed the
development of a large genetic data set based on SNP markers (IPTDSW 2020). A neighbor-
joining tree (Figure 20) created from PIT-tagged adults over the spawning years SY 2010-19,
when combined with reference genetic stock identification (GSI) baseline samples across
the ESU, confirms most of the expected population structure, with the notable exception

of the samples from fish spawning in the Little Salmon River grouping genetically with the
upper South Fork Clearwater River samples (IPTDSW 2020).
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Figure 20. A neighbor-joining tree for Snake River Chinook salmon populations included in the GSI
baseline (version 3.1), and collections of PIT-tagged returning adults for SY 2010-19, based on
chord distance (Cavalii-Sforza and Edwards 1967). Bootstrap support greater than 70% based
on 1,000 replicates is reported. Figure reproduced from IPTDSW (2020).

Spatial structure

ICTRT criteria for evaluating spatial structure within populations are based on observing
evidence of spawning usage across defined spawning areas within populations, with an
emphasis on historically relatively large contiguous reaches (major and minor spawning
areas). Redd surveys were conducted by co-managers (NPT, SBT, ODFW, WDFW, and IDFG),
and the geolocated redds were aligned with ICTRT-identified major and minor spawning
areas over the 2015-19 run years (Felts et al. 2020). Monitoring occurred in 29 major
spawning areas, 13 of which were rated as occupied, while monitoring of eight minor
spawning areas resulted in only one being rated as occupied. However, non-occupied ratings
of major and minor spawning areas do not equate to only no spawning, as an “unoccupied”
rating can also result from patchy spawning not distributed across the entire reach.
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Ocean condition indices

Snake River spring/summer-run Chinook salmon are a component of the Columbia River
run that is believed to occupy mid-shelf waters during the early ocean life-history phase.
Aggregate annual returns of Columbia River spring Chinook salmon are correlated with a
range of ocean condition indices, including measures of broad scale physical conditions,
local biological indicators, and local physical factors (Figure 129; Peterson et al. 2014a).
Several indicators, either individually or in combination, correlate well with spring
Chinook salmon adult returns with a lag of 1-2 years. However, for each specific indicator
or combination, there are anomalous years that fall outside of the apparent relationships.
Work is continuing to further understand the relationships among physical and biological
“drivers” and annual levels of ocean survival for salmonid species in the ocean environment.
After accounting for age at return at time of ocean entry, the annual pattern in the Snake
River spring/summer-run Chinook salmon ESU’s SAR index generally corresponds to the
composite rankings across ocean indicators available for early ocean years starting in the
late 1990s (Peterson et al. 2019). Indicators of ocean condition are highly correlated with
each other, and exhibit strong temporal autocorrelation (Figure 129; Peterson et al. 2019).
As a result, when indicators point to conditions that result in poor ocean productivity for
salmonid populations, they do so as a suite of indicators, and for runs of “good” or “bad”
years (see Habitat chapter). Historically, ocean conditions cycled between periods of high
and low productivity. However, global climate change is likely to disrupt this pattern, in
general, leading to a preponderance of low productivity years, with an unknown temporal
distribution (Crozier et al. 2020). Recent (2015-19) ensemble ocean indicators rankings
include four of the worst seven years in the past 20, meaning that an entire Chinook salmon
generation has been subjected to poor ocean productivity conditions.

Abundance and productivity

Updated data series on spawner abundance, age structure, and hatchery/natural proportions
were used to generate current assessments of abundance and productivity at the population
level. Evaluations were done using both a set of metrics corresponding to those used in prior
ESA status reviews, as well as a set corresponding to the specific viability criteria based on
ICTRT recommendations for this ESU. The viability review metrics were done consistently
across all ESUs and DPSes to facilitate comparisons across domains. Assessments using

the ICTRT metrics are described in the TRT and Recovery Plan Criteria section. The ICTRT
abundance and productivity metrics are measured over longer time frames to dampen the
effects of annual variations, and they use annual natural-origin age composition to calculate
brood-year recruitment when sampling levels meet agency criteria.

Estimates of the annual abundance of natural-origin spawners within each of 27 Snake River
spring/summer-run Chinook salmon ESU populations are summarized in five-year increments
(Table 11) and are illustrated in Figure 21. The most recent five-year geometric mean
abundance estimates for 26 of the 27 populations are lower than the corresponding estimates
for the previous five-year period by varying degrees; the estimate for the 27th population was
a slight increase from a very low abundance in the prior five-year period. The ESU abundance
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data show a consistent and marked pattern of declining population size, with the recent five-
year abundance levels for the 27 populations declining by an average of 55%. Medium-term
(15-year) population trends in total spawner abundance were positive over the period 1990-
2005 for all of the population natural-origin abundance series, and are all declining over the
more recent time interval (2004-19; Table 12, Figure 21). The consistent and sharp declines
for all populations in the ESU are concerning, as the abundances for some populations are
approaching similar levels to those of the early 1990s when the ESU was listed.

Table 11. Five-year geometric mean of raw natural-origin spawner counts. This is the raw total spawner count times
the fraction natural-origin estimate, if available. In parentheses, 5-year geometric mean of raw total spawner
counts is shown. A value only in parentheses means that a total spawner count was available but no or only one
estimate of natural-origin spawners was available. The geometric mean was computed as the product of counts
raised to the power 1over the number of counts available (2 to 5). A minimum of 2 values were used to compute

the geometric mean. Percent change between the 2 most-recent 5-year periods is shown on the far right.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change
Tucannon River Lower Snake 230 (314) 34 (84) 226 (398) 276 (403) 285 (422) 47 (185) -84 (-56)
Wenaha River Grande Ronde/Imnaha 71 (305) 164 (186) 612 (638) 354 (364) 507 (698) 383 (529) -24 (-24)
Lostine River Grande Ronde/Imnaha 82 (159) 105 (108) 398 (711) 340 (899) 1024 (2,807) 366 (925) -64 (-67)
Minam River Grande Ronde/Imnaha 110 (284) 162 (166) 541 (552) 449 (460) 684 (765) 375 (401) -45 (-48)
Catherine Creek Grande Ronde/Imnaha 0(102) 59 (59) 124 (256) 71 (209) 430 (890) 85 (237) -80 (-73)
Grande Ronde River Grande Ronde/Imnaha 33 (96) 32 (32) 54 (103) 22 (109) 155 (906) 51(218) -67 (-76)
Upper Mainstem
Imnaha River Mainstem Grande Ronde/Imnaha 214 (551) 270 (536) 938 (2,142) 286(1,308) 685 (2,055) 352 (866) -49 (-58)
South Fork Salmon River South Fork Salmon River 690 (1,089) 344 (602)  968(1,540) 628(1,128) 913(1,184) 160 (497) -82 (-58)
Mainstem
Secesh River South Fork Salmon River (n/a) 187 (206) 997 (1,028) 435 (459) 1043 (1,064) 468 (489) -55(-54)
East Fork South Fork South Fork Salmon River 116 (116) 49 (50) 369 (487) 129 (308) 709 (1,147) 359 (629) -49 (-45)
Salmon River
Chamberlain Creek Middle Fork Salmon River 121 (121) 35(35) 468 (468) 198 (198) 454 (454) 228 (228) -50 (-50)
Middle Fork Salmon Middle Fork Salmon River (n/a) (n/a) 28 (28) 4(4) 4(4) 5(5) 25 (25)
River Lower Mainstem
Big Creek Middle Fork Salmon River 76 (76) 29 (29) 302 (302) 121 (121) 270 (270) 99 (99) -63 (-63)
Camas Creek Middle Fork Salmon River 20 (20) 13 (13) 115 (115) 43 (43) 42 (42) 42 (42) 0(0)
Loon Creek Middle Fork Salmon River 25 (25) 21(21) 225 (225) 54 (54) 65 (65) 31(31) -52 (-52)
Middle Fork Salmon Middle Fork Salmon River (n/a) 13 (13) 140 (140) 52 (52) 104 (104) 58 (58) -44 (-44)
River Upper Mainstem
Sulphur Creek Middle Fork Salmon River 59 (59) 21 (21) 55 (55) 49 (49) 112 (112) 32(32)  -71(-71)
Marsh Creek Middle Fork Salmon River 102 (102) 99 (99) 285 (285) 126 (126) 563 (563) 197 (197) -65 (-65)
Bear Valley Creek Middle Fork Salmon River 177 (177) 95 (95) 662 (662) 305 (305) 777 (777) 236 (236) -70 (-70)
North Fork Salmon River Upper Salmon River 22 (22) 8(8) 112 (112) 59 (59) 129 (129) 41 (41) -68 (-68)
Lemhi River Upper Salmon River 51 (51) 51 (51) 198 (198) 86 (86) 262 (262) 238 (238) -9(-9)
Salmon River Lower Upper Salmon River 63 (63) 41 (41) 239 (239) 99 (99) 137 (137) 37 (37) -73(-73)
Mainstem
Pahsimeroi River Upper Salmon River 22 (73) 45 (73) 173 (343) 209 (275) 360 (387) 132 (283) -63 (-27)
East Fork Salmon River ~ Upper Salmon River 69 (108) 34 (46) 442 (442) 224 (224) 602 (602) 138 (138) =77 (-77)
Yankee Fork Upper Salmon River 16 (16) 6 (6) 60 (60) 25(120) 169 (623) 22 (24) -87 (-96)
Salmon River Upper Upper Salmon River 227 (275) 68(86) 671(1,100) 326 (566) 628 (898) 170 (509) -73 (-43)
Mainstem
Valley Creek Upper Salmon River 26 (26) 26 (26) 109 (109) 85 (85) 192 (192) 67 (67) -65 (-65)
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Salmon, Chinook (Snake River spring/summer-run ESU)
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Figure 21. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.
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Salmon, Chinook (Snake River spring/summer-run ESU)
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Figure 22. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢ - 4). Spawning
years on x-axis.
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Table 12. Fifteen-year trends in log natural-origin spawner abundance computed from a linear
regression applied to the smoothed natural-origin spawner log abundance estimate. Only
populations with at least 4 wild spawner estimates and with at least 2 data points (actual data,
not estimates) in the first 5years and last 5 years of the 15-year ranges are shown.

Population

MPG

1990-2005

2004-19

Tucannon River

Wenaha River
Lostine River
Minam River
Catherine Creek

Grande Ronde River Upper
Mainstem
Imnaha River Mainstem

South Fork Salmon River Mainstem

Secesh River

East Fork South Fork Salmon River

Chamberlain Creek

Middle Fork Salmon River Lower
Mainstem

Big Creek
Camas Creek
Loon Creek

Middle Fork Salmon River Upper
Mainstem

Sulphur Creek
Marsh Creek
Bear Valley Creek

North Fork Salmon River
Lembhi River

Salmon River Lower Mainstem
Pahsimeroi River

East Fork Salmon River
Yankee Fork

Salmon River Upper Mainstem
Valley Creek

Lower Snake

Grande Ronde/Imnaha
Grande Ronde/Imnaha
Grande Ronde/Imnaha
Grande Ronde/Imnaha
Grande Ronde/Imnaha

Grande Ronde/Imnaha

South Fork Salmon River
South Fork Salmon River
South Fork Salmon River

Middle Fork Salmon River
Middle Fork Salmon River

Middle Fork Salmon River
Middle Fork Salmon River
Middle Fork Salmon River
Middle Fork Salmon River

Middle Fork Salmon River
Middle Fork Salmon River
Middle Fork Salmon River

Upper Salmon River
Upper Salmon River
Upper Salmon River
Upper Salmon River
Upper Salmon River
Upper Salmon River
Upper Salmon River
Upper Salmon River

0.04 (-0.07, 0.15)

0.17 (0.08, 0.26)
0.12 (0.03,0.21)
0.12 (0.03,0.21)
0.11 (0.03, 0.20)
0.08 (-0.01,0.17)

0.10 (0.01, 0.19)
0.07 (-0.03, 0.16)

0.11 (0.00, 0.21)
0.11 (0.00, 0.21)

0.10 (-0.01, 0.21)
0.11 (0.00, 0.22)
0.14 (0.03, 0.25)

0.07 (-0.03,0.17)
0.08 (-0.02, 0.19)
0.11 (0.01, 0.21)

0.13 (0.02, 0.24)
0.09 (-0.02, 0.19)
0.08 (-0.02, 0.19)
0.16 (0.07, 0.25)
0.14 (0.03, 0.26)
0.14 (0.02, 0.25)
0.08 (-0.02, 0.18)
0.12 (0.01, 0.22)

-0.13 (-0.23,-0.04)

-0.04 (-0.11, 0.02)
0.00 (-0.09, 0.09)
-0.03 (-0.10, 0.03)
-0.01 (-0.12, 0.10)
0.01 (-0.06, 0.09)

-0.02 (-0.09, 0.05)

-0.12 (-0.21,-0.03)
-0.02 (-0.09, 0.05)
0.05 (-0.03, 0.13)

-0.02 (-0.09, 0.05)
-0.08 (-0.14, -0.02)

-0.03 (-0.11, 0.04)
-0.03 (-0.09, 0.03)
-0.08 (-0.14, -0.01)
~0.03 (-0.10, 0.04)

~0.03 (-0.11, 0.04)
0.01 (-0.07, 0.09)
~0.03 (-0.11, 0.04)

~0.03 (-0.11, 0.04)
0.04 (-0.03,0.11)
~0.09 (-0.16, -0.02)
~0.02 (-0.12, 0.07)
~0.05 (-0.14, 0.03)
~0.02 (-0.11, 0.06)
~0.06 (-0.14, 0.02)
~0.03 (-0.10, 0.05)

Smolt-to-adult return survival estimates (SARs) are generated by the Columbia River Data
Access in Real Time (CBR and UW 2020) project using PIT-tag detections from all release
locations within each population basin (CBR and UW 2020). The SAR indices represent

cumulative marine, nearshore, and estuary survival. Figure 23 shows the geometric mean of R/S
and SAR indices for the stocks available across five MPGs in the ESU. In general, these broad-
brush descriptors of population processes indicate relatively poor ocean survival for the Salmon
River MPGs and relatively poor freshwater productivity for the Grande Ronde/Imnaha and

Lower Snake MPGs. Using the R/S and SAR indicators by population, it is possible to generate
an indicator of freshwater productivity (FWPI) as a ratio of R/S and SAR. This quantity can be
thought of as an indicator of smolts per spawner, and thus, the overall population productivity
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in the freshwater environment. An FWPI score of >100 should indicate healthy freshwater
productivity (roughly 100 smolts per female). The initial assessment by the ICTRT (2007)
identified significant abundance/productivity gaps for this ESU. In general, populations within
the Grande Ronde/Imnaha and Lower Snake MPGs are still showing the lowest productivity.
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Figure 23. Smolt-to-adult return, recruits per spawner, and freshwater productivity index (FWPI)
for each of the populations in the ESU. Geometric means of SAR and R/S are shown for each
population, along with the standard error of the estimate (whiskers represent +1SE). The time
period included in the SAR or R/S indices is the past 20 years, depending on data availability.
The FWPI is constructed as a ratio of the geomean R/S and SAR, and can be thought of as a
measure of smolts per spawner.

Non-treaty harvest

Harvest impacts on the spring component of this ESU are essentially the same as those on
the Upper Columbia River (Figure 24). Harvest occurs in the lower portion of the mainstem
Columbia River. Mainstem Columbia River fisheries represent the majority of harvest impacts
on this ESU. In some years, additional harvest occurs in the Snake River basin on specific
populations within the ESU. Snake River summer Chinook salmon share the ocean distribution
patterns of the upper basin spring runs and are only subject to significant harvest in the
mainstem Columbia River. Harvest of summer Chinook salmon has been more constrained
than that of spring Chinook, with consequently lower exploitation rates on the summer
component of this ESU. However, the overall pattern of exploitation rates calculated by the TAC
is nearly identical to that of the Upper Columbia River spring-run Chinook salmon ESU.
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Figure 24. Non-treaty exploitation rates for Snake River spring/summer-run Chinook salmon in the
mainstem Columbia River fisheries. Data from the Columbia River Technical Advisory Team
(TAC 2015, 2020).

Spatial structure and diversity

Current estimates of spatial structure and diversity ratings for Snake River spring/summer-
run Chinook salmon populations are summarized in Table 14. The ICTRT ratings for spatial
structure remain unchanged. Most population abundance estimates are based on redd

or weir counts conducted across reaches within or across major spawning areas. Recent
survey results are consistent with records for the years analyzed by the ICTRT.

The proportion of hatchery-origin spawners within populations varies considerably across
MPGs (Figure 25, Table 13). All five extant populations in the Grande Ronde River basin had
relatively high hatchery spawner proportions in the 1990s, reflecting the large-scale use of
out-of-basin stock (Rapid River) in local releases during that period. Managers transitioned
the release programs to incorporate local natural-origin broodstock in the mid-1990s.
Currently, five of the six extant natural-population tributaries, as well as Lookingglass Creek
(with an extripated natal population), have targeted hatchery releases. During that transition,
returning hatchery-origin fish from the Rapid River releases were actively removed prior

to spawning. Returns from natural-origin broodstock increased as the specific in-basin
programs reached their smolt production objectives. The current local broodstock-based
hatchery programs in three of the basins are designed to supplement natural spawning
while contributing to meeting mitigation objectives. Releases into Lookingglass Creek, an
extirpated population, are a conventional segregated program. The historical Lookingglass
Creek run is believed to have been extirpated as a result of the out-of-basin hatchery
program. The current program uses broodstock that originated from Catherine Creek. The
Minam and Wenaha River populations do not have direct supplementation programs. The
Imnaha River, an adjacent river basin to the Grande Ronde, is also in this MPG and has an
ongoing integrated hatchery program that incorporates natural-origin broodstock.
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Figure 25. Smoothed trend in the estimated fraction of the natural spawning population consisting
of fish of natural origin. Points show the annual raw estimates.
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Table 13. Five-year mean of fraction natural-origin spawners (sum of all estimates divided by the
number of estimates).

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19
Tucannon River Lower Snake 0.64 0.61 0.69 0.68 0.27
Wenaha River Grande Ronde/Imnaha 0.89 0.96 0.97 0.73 0.74
Lostine River Grande Ronde/Imnaha 0.97 0.61 0.39 0.40 0.42
Minam River Grande Ronde/Imnaha 0.97 0.98 0.98 0.89 0.94
Catherine Creek Grande Ronde/Imnaha 1.00 0.57 0.35 0.49 0.38
Grande Ronde River Grande Ronde/Imnaha 1.00 0.76 0.33 0.22 0.24
Upper Mainstem
Imnaha River Mainstem Grande Ronde/Imnaha 0.53 0.44 0.23 0.34 0.41
South Fork Salmon River South Fork Salmon River 0.59 0.64 0.56 0.77 0.32
Mainstem
Secesh River South Fork Salmon River 0.91 0.97 0.95 0.98 0.96
East Fork South Fork South Fork Salmon River 0.99 0.76 0.43 0.62 0.58
Salmon River
Chamberlain Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Middle Fork Salmon Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
River Lower Mainstem
Big Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Camas Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Loon Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Middle Fork Salmon Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
River Upper Mainstem
Sulphur Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Marsh Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
Bear Valley Creek Middle Fork Salmon River 1.00 1.00 1.00 1.00 1.00
North Fork Salmon River Upper Salmon River 1.00 1.00 1.00 1.00 1.00
Lemhi River Upper Salmon River 1.00 1.00 1.00 1.00 1.00
Salmon River Lower Upper Salmon River 1.00 1.00 1.00 1.00 1.00
Mainstem
Pahsimeroi River Upper Salmon River 0.65 0.51 0.79 0.93 0.54
East Fork Salmon River ~ Upper Salmon River 0.77 1.00 1.00 1.00 1.00
Yankee Fork Upper Salmon River 1.00 1.00 0.52 0.39 0.93
Salmon River Upper Upper Salmon River 0.80 0.62 0.58 0.71 0.36
Mainstem
Valley Creek Upper Salmon River 1.00 1.00 1.00 1.00 1.00

The single current extant population in the Lower Snake MPG, the Tucannon River, has an
ongoing supplementation program, and hatchery returns have constituted about a third

of spawning in natural areas in recent years. Mark-recapture estimates compared to redd
count and carcass recoveries indicate that prespawn mortalities in the Tucannon River have
been relatively high in recent years. Efforts are underway to further quantify and to identify
potential direct causes (Bumgarner and Dedloff2015). Hatchery proportions for populations
in the Middle Fork Salmon River MPG are based on carcass recoveries and remain very low,
indicating negligible straying rates as there are no direct release programs in this river basin.

Three of the four South Fork Salmon River MPG populations have ongoing hatchery programs.

Hatchery proportions for two of the three populations in the South Fork Salmon River with
active hatchery programs decreased marginally in the most recent five-year update. The
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Secesh River continues to show low hatchery proportions, reflecting some straying from
the programs in the adjacent populations. Integrated hatchery programs are now being
implemented in parallel to ongoing production (segregated) operations in the South Fork and
East Fork of the South Fork Salmon River facilities. The ICTRT included a fourth population
in the neighboring Little Salmon River drainage in this MPG. This population includes
returns from large-scale hatchery releases, although some of its side tributary spawning
areas likely have low hatchery contributions. Direct estimates of natural-origin spawners
for this population are limited to weir passage counts for the Rapid River tributary.

In the Upper Salmon River MPG, four of the seven populations with sufficient information
to directly estimate hatchery contributions had very low hatchery proportions (Lemhi
River, East Fork Salmon River, Valley Creek, and the Lower Mainstem Salmon River).

The most recent five-year mean for the Pahsimeroi River was also relatively low. Both

of the hatchery facilities in this MPG are operating parallel integrated and segregated
programs. Two of the other populations in this MPG are the subject of active hatchery
release programs, as reflected in their respective average spawner proportions. Hatchery
contributions to spawning in the bulk of the habitat used by the Upper Salmon River
populations are regulated by managing passage at Sawtooth weir, located on the mainstem
Salmon River near the downstream extent of spawning. Releases of any-origin fish
(integrated/segregated) have occurred above the weirs at both the Upper Salmon River
and Pahsimeroi facilities to meet escapement goals due to recent low returns. Clearly, the
proportion of hatchery-origin spawners (pHOS) in these populations will be impacted, but
operating agreement balances the risks associated with introgression with depensation at
very low run sizes. Hatchery proportions within the Yankee Fork population have increased
substantially in recent years, reflecting returns from a large-scale supplementation effort
conducted by SBT. In some recent years, the program has augmented ongoing smolt
releases with adult plants in the Yankee Fork and egg boxes in Panther Creek, when there
are surplus returns from the Sawtooth Hatchery program in the Upper Salmon River
(Gregory and Wood 2013, Denny and Blackadar 2015). Recent efforts to evaluate the origin
of the Panther Creek spawning population have shown a mixture of potentially long-term
occupants (close to the Middle Fork Snake River) and clear hatchery-origin stocks (South
Fork Snake River, Rapid River, Upper Salmon River, and Pahsimeroi River).

Biological viability relative to recovery goals

The ICTRT identified 27 extant and four extirpated populations of Snake River spring/
summer-run Chinook salmon that historically used the accessible tributary and upper
mainstem habitats within the Snake River drainages (ICTRT 2003). The populations

are aggregated into five extant MPGs based on genetic, environmental, and life-history
characteristics. The Lower Snake River MPG includes the Tucannon River and Asotin Creek
(extirpated) populations. The Grande Ronde/Imnaha MPG includes six populations within
the Grande Ronde River drainage and two in the Imnaha River. Three populations within
the South Fork Salmon River drainage and a fourth in the Little Salmon River form an
additional MPG. Chamberlain Creek, along with six populations in the Middle Fork Salmon
River drainage, constitute the next upstream MPG. The Upper Salmon River MPG includes
several major tributary populations, along with two mainstem sections also classified as
independent populations. In 2017, NOAA Fisheries completed a recovery plan for Snake
River spring/summer-run Chinook salmon and Snake River Basin steelhead (NMFS 2017c).

47



Recovery plan criteria

The recovery criteria are hierarchical in nature, with ESU/DPS-level criteria being based

on the viability of natural-origin Chinook salmon assessed at the population level. The
population-level assessments are based on a set of metrics designed to evaluate risk across
the four VSP elements: abundance, productivity, spatial structure, and diversity (McElhany
et al.2000). The recovery plans adopt the ICTRT approach for comparing estimates of
current natural-origin abundance (measured as a ten-year geometric mean of natural-origin
spawners) and productivity (estimate of return per spawner at low-to-moderate parent
spawning abundance) against predefined viability curves. The recovery plans also apply the
ICTRT criteria (metrics and example risk thresholds) for assessing the spatial structure and
diversity risks based on current information representing each specific population.

The ICTRT recommended that each extant MPG should include viable populations totaling
at least half of the populations historically present, with all major life-history groups
represented. In addition, the viable populations within an MPG should include proportional
representation of large and very large populations historically present. Recovery plans use
the MPG scenarios and also suggest that at least one population in a viable MPG should
meet criteria for “highly viable.” Within any particular MPG, there may be several specific
combinations of populations that could satisfy these criteria. The recovery plans outline
example scenarios that would satisfy the criteria for all extant MPGs. In each case, the
remaining populations in an MPG should be at or above “maintained” status.

Lower Snake MPG

This MPG historically contained two populations, and one, Asotin Creek, is currently
considered extirpated. The recovery plan basic criteria would call for both populations
being restored to viable status. The recovery plan recommends the priority of restoring the
Tucannon River to highly viable status, and then evaluating the potential for reintroducing
production in Asotin Creek as recovery progresses.

Grande Ronde/Imnaha MPG

This MPG had eight historical populations, two of which are currently considered functionally
extirpated. The basic recovery plan criteria call for a minimum of four populations at

viable or highly viable status. The potential scenario would include viable populations

in the Imnaha River (run timing), the Lostine/Wallowa Rivers (large size), and at least

one from each of the following pairs: Catherine Creek or Upper Grande Ronde (large size
populations), and Minam River or Wenaha River.

South Fork Salmon River MPG

Two of the four historical populations in this MPG should be restored to viable or highly
viable status. The recovery plan recommends that the populations in the South Fork Salmon
River drainages should be given priority relative to meeting MPG viability objectives,
considering the relatively small size and the high level of potential hatchery integration for
the Little Salmon River population.
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Middle Fork Salmon River MPG

The recovery plan criteria call for at least five of the nine populations in this MPG to be
rated as viable, with at least one demonstrating highly viable status. The base example
recovery scenario includes Chamberlain Creek (geographic position), Big Creek (large size
category), Bear Valley Creek, Marsh Creek, and either Loon Creek or Camas Creek.

Upper Salmon River MPG

This MPG included nine historical populations, one of which, Panther Creek, is considered
functionally extirpated. The base example recovery scenario for this MPG includes the
Pahsimeroi River (summer-run Chinook salmon life history); the Lemhi River and Upper
Salmon Mainstem (very large size category); East Fork Salmon River (large size category);
and Valley Creek. The continued and building presence of a spawning population in Panther
Creek argues for its role in recovery scenarios to be reconsidered.

Updated biological risk summary

The majority of populations in the Snake River spring/summer-run Chinook salmon ESU
remained at high overall risk, with three populations (Minam River, Bear Valley, and Marsh
Creek) improving to an overall rating of “maintained” due to an increase in abundance/
productivity when measured over a 10-20 year period (Table 14). However, natural-origin
abundance has generally decreased over the levels reported in the prior review for most
populations in this ESU, in many cases sharply. Relatively low ocean survivals in recent
years are likely a major factor in recent abundance patterns. All but three populations in
this ESU remained at high risk for abundance and productivity.

Spatial structure ratings remain unchanged from the prior reviews, with low or moderate
risk levels for the majority of populations in the ESU. Four populations from three MPGs
(Catherine Creek and Grande Ronde River Upper Mainstem, Lemhi River, and Middle Fork
Salmon River Lower Mainstem) remain at high risk for spatial structure loss. Three of the four
extant MPGs in this ESU have populations that are undergoing active supplementation with
local broodstock hatchery programs. In most cases, those programs evolved from mitigation
efforts and include some form of sliding-scale management guidelines designed to maximize
potential benefits in low-abundance years and reduce potential negative impacts at higher
spawning levels. Efforts to evaluate key assumptions and impacts are underway for several
programs, but it appears likely that these programs reduce risk of extinction in the short term.

In summary, while there have been improvements in abundance/productivity in several
populations relative to the time of listing, the majority of populations experienced sharp
declines in abundance in the recent five-year period, primarily due to variation in ocean
survival. If ocean survival rates remain low, the ESU’s viability will clearly become much
more tenuous. If survivals improve in the near term, however, it is likely the populations
could rebound quickly. Overall, at this time we conclude that the Snake River spring/
summer-run Chinook salmon ESU continues to be at moderate-to-high risk.
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Table 14. Snake River spring/summer-run Chinook salmon population status relative to ICTRT viability
criteria, grouped by MPG. Natural spawning abundance: most recent 10-yr geometric mean (range). ICTRT
productivity: 20-yr geometric mean for parent escapements below 75% of population threshold. Current
abundance and productivity estimates are geometric means. Range in annual abundance, standard error,
and number of qualifying estimates for productivities in parentheses. Populations with no abundance and
productivity data are given a default High A/P Risk rating.

Abundance/productivity Spatial structure/diversity
(A/P) metrics (SS/D) metrics
ICTRT Natural ICTRT Integrated Natural Diversity Integrated Overall
Population threshold spawning productivity A/Prisk processes risk SS/Drisk risk rating
Lower Snake MPG
Tucannon River 750 116 1.09 High Low Moderate Moderate High

(SD205) (0.31,17/20)
Grande Ronde/Imnaha MPG

Wenaha River 750 437 1.21 High Low Moderate Moderate High
(SD191) (0.16,15/20)

Lostine River 1,000 654 0.97 High Low Moderate Moderate High
(SD400) (0.21,18/20)

Minam River 750 544 1.44 Moderate Low Moderate Moderate Maintained
(SD256) (0.15,15/20)

Catherine Creek 1,000 200 0.76 High Moderate Moderate Moderate High
(SD207) (0.27,20/20)

Grande Ronde River 1,000 80 0.47 High High Moderate High High

Upper Mainstem (Sb157) (0.25,20/20)

Imnaha River Mainstem 750 513 0.65 High Low Moderate Moderate High

(SD214) (0.27,14/20)
South Fork Salmon River MPG

South Fork Salmon River 1,000 381 0.96 High Low Moderate Moderate High

Mainstem (SD514) (0.20,12/20)

Secesh River 750 472 — High Low Low Low High
(SD396)

East Fork South Fork 1,000 483 — High Low Low Low High

Salmon River (SD 265)

Little Salmon River 750 Insufficient — — Low Low Low High

data

Middle Fork Salmon River MPG

Chamberlain Creek 750 342 1.36 High Low Low Low High
(SD171) (0.34,17/20)

Middle Fork Salmon River 1,000 163 1.47 High Very Low Moderate Moderate High

Lower Mainstem (SD114) (0.34,20/20)

Big Creek 500 45 1.95 High Low Moderate Moderate High
(SD37) (0.33,13/20)

CamasCreek 500 42 1.37 High Low Moderate Moderate High
(SD27) (0.42,17/20)

LoonCreek 500 Insufficient  Insufficient — Moderate Moderate Moderate High

data data

Middle Fork Salmon River 750 71 1.30 High Low Moderate Moderate High

Upper Mainstem (SD43) (0.34,17/20)

Sulphur Creek 500 67 1.02 High Low Moderate Moderate High
(SD65) (0.25,13/20)

Marsh Creek 500 333 2.11 Moderate Low Low Low Maintained
(SD262) (0.32,7/20)

Bear Valley Creek 750 428 2.22 Moderate  Very Low Low Low Maintained

(SD327) (0.26,13/20)
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Table 14 (continued). Snake River spring/summer-run Chinook salmon population status relative to ICTRT viability
criteria, grouped by MPG.

Abundance/productivity Spatial structure/diversity
(A/P) metrics (SS/D) metrics
ICTRT Natural ICTRT Integrated Natural Diversity Integrated Overall
Population threshold spawning productivity A/Prisk processes risk SS/Drisk risk rating
Upper Salmon River MPG
North Fork Salmon River 2,000 71 1.30 High Low Low Low High
(SD87) (0.23,20/20)
Lemhi River 1,000 326 1.13 High Low Low Low High
(SD270) (0.31,18/20)
Salmon River Lower 1,000 218 1.26 High Moderate High High High
Mainstem (Sh168) (0.2020/20)
Pahsimeroi River 2,000 250 1.63 High High High High High
(SD159) (0.28,19/20)
East Fork Salmon River 500 113 1.63 High Low Moderate Moderate High
(SD100) (0.26,17/20)
Yankee Fork 1,000 288 2.00 High Low High high High
(SD291) (0.28,17/20)
Salmon River Upper 500 62 0.99 High Moderate High High High
Mainstem (SD139) (0.51,17/20)
Valley Creek 500 Insufficient  Insufficient — Low Low Low High
data data
Panther Creek 750 Insufficient  Insufficient — — — — See text
data data

Snake River Fall-run Chinook Salmon ESU

Brief description of ESU

This ESU includes naturally spawned fall-run Chinook salmon originating from the
mainstem Snake River below Hells Canyon Dam and from the Tucannon River, Grande
Ronde River, Imnaha River, Salmon River, and Clearwater River sub-basins (Figure 26). It
also includes fall-run Chinook salmon from the following artificial propagation programs:
the Lyons Ferry Fish Hatchery Program, the Fall Chinook Acclimation Project, the Nez Perce
Tribal Hatchery Program, and the Idaho Power hatchery program (USOFR 2005a). Fish
passage is blocked at Hells Canyon Dam (RM 247), the lowest of three impassable dams that
form the Hells Canyon Complex. Historically, natural production from this ESU was mainly
from spawning in the mainstem of the Snake River upstream of the Hells Canyon Complex.
The spawning and rearing habitat associated with the current extant population represents
approximately 20% of the total historical habitat available to the ESU (Dauble et al. 2003).
There was a single historical population (the Middle Snake River population) above the
current location of Hells Canyon Dam, consisting of two major spawning areas. The primary
(largest and most productive) Middle Snake River subpopulation likely spawned within

the area of direct aquifer influence (Connor et al. 2019). Temperature conditions during
spawning and incubation were strongly influenced by water inputs from the aquifer,
allowing for earlier emergence timing and rapid growth, especially in the reaches upstream
of the current Swan Falls Dam site. The ICTRT identified five major spawning areas (MaSAs)
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within the currently available Lower Snake River population: Upper Hells Canyon MaSA
(Hells Canyon Dam on Snake River downstream to confluence with Salmon River); Lower
Hells Canyon MaSA (Snake River from Salmon River confluence downstream to Lower
Granite Dam pool); Clearwater River MaSA; Grande Ronde River MaSA; and Tucannon River
MaSA. A major spawning area is defined as a system of one or more branches containing
sufficient habitat to support at least 500 spawners.

Snake River Chinook
Fall-run ESU

Oncorhynchus tshawytscha

Major population group
Name

Population
MName (run, status)

Run fa = fall

Status  EX = extant
ET = extirpated
FE = functionally
extirpated

B\ . Northwest Fisheries
ey Science Center

# "“-M‘\v( National Marine
, w\ Fisheries Service
4

LaGrande These maps are for reference only.

Snake River

r T 1 Snake River Lower Mainstem (fa, EX)
Q 20 40 B0 Miles

ESU, MPG, and population data
developed by the NMFS West Coast
Region and Northwest Fisheries
Science Center, 2020.

Map prepared April 2021,

Figure 26. Map of the Snake River fall-run Chinook salmon ESU’s spawning and rearing areas,
illustrating populations and major population groups.

Summary of previous viability conclusions

2005

The 2005 BRT review (Good et al. 2005) included an assessment of Snake River fall-run
Chinook salmon based on data for runs through the 2001 return year. A majority of the rating
points assigned by individual BRT members fell into the “likely to become endangered”
category (60%). The BRT review noted that “...this outcome represented a somewhat more
optimistic assessment of the status of this ESU than was the case at the time of the original
status review...” (p.163). Reasons cited for a more optimistic rating included: the number of
natural-origin spawners in 2001 was well over 1,000 for first time since 1975; management
actions had reduced the number of outside-origin stray hatchery fish passing to the spawning
grounds; the increasing contribution of native Lyons Ferry fish from supplementation
programs; and the fact that recent natural-origin returns had been fluctuating between 500
and 1,000 spawners, somewhat higher than previous levels. The 2005 BRT status ratings
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for the Snake River fall-run Chinook salmon ESU were also influenced by concerns that

the geometric mean abundance at the time was below 1,000 (“...a very low number for an
entire ESU”), and by the large fraction of hatchery fish on the spawning grounds. Additional
concerns cited by the BRT included the fact that a large portion of historical mainstem habitat
was inaccessible. Some BRT members were concerned about the possibility that a natural
historical buffer between Snake River fall-run Chinook salmon and other Columbia River
ESUs may have existed, and that it had been compromised by hatchery straying.

2010

Ford et al. (2011) concluded that abundance and productivity estimates for the single
remaining population of Snake River fall-run Chinook salmon had improved substantially
relative to the time of listing. However, the current combined estimates of abundance and
productivity population still resulted in a moderate risk of extinction of between 5% and
25% in 100 years. The extant population of Snake River fall-run Chinook salmon was the
only one remaining from an historical ESU that also included large mainstem populations
upstream of the current location of the Hells Canyon Complex. The increases in natural-
origin abundance were encouraging and largely the result of the supplementation program
initiated in 1998. Overall, the new information considered in 2010 did not indicate a change
in the biological risk category since the time of the prior BRT status review in 2005.

2015

NWFSC (2015) concluded that the status of Snake River fall-run Chinook salmon had clearly
improved compared to the time of listing and compared to prior status reviews. The single
extant population in the ESU was meeting the criteria for a rating of “viable” developed

by the ICTRT, but the ESU as a whole was not meeting the recovery goals described in the
recovery plan for the species, which requires either the single population to be “highly
viable with high certainty” and/or the establishment of a second viable population above
the Hells Canyon Complex (NMFS 2017b).

Description of new data available for this review

Spawner abundance, productivity, and proportion natural-origin estimates for the Lower
Snake River population are based on counts and sampling of adult and jack (<57 cm)
fall-run Chinook salmon at Lower Granite Dam (Young et al. 2020). A portion of the fish
sampled at the trap are retained and used as hatchery broodstock. Each year, projected
return levels of hatchery- and natural-origin Snake River fall-run Chinook salmon are used
to define a sampling strategy across the duration of the run that will also achieve hatchery
broodstock objectives and be consistent with impact limits on co-occurring listed steelhead
returns. Fish shunted into the trap are measured, sampled for scales to determine age, and
examined for marks and/or tags. Fish removed for broodstock are transported to Lyons
Ferry and Nez Perce tribal hatcheries (on alternative days) for holding and spawning.
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Estimates of natural-origin returns are made by subtracting estimated hatchery-origin
returns from the total run estimates using hatchery marks and tags and comparative

PBT (Young et al. 2020). Since 2015, all fall-run Chinook salmon in the Snake River basin
that were spawned in a hatchery were genetically analyzed for subsequent offspring

origin analysis. The PBT program allows for a comprehensive assessment of hatchery
contributions and, therefore, a more direct assessment of natural returns, including
spawner composition on spawning grounds. Hatchery-origin returns were also monitored
for juvenile release site fidelity for spawning through radio tracking to evaluate the impacts
of supplementation on the natural population (Cleary et al. 2018).

Redd surveys have been conducted annually since 1991. Shallow-water (<3-m) redds are
surveyed by small unmanned aircraft systems, when allowed, based on statistical sampling
developed by Groves et al. (2016) and Arnsberg et al. (2020b). Deepwater redds are
surveyed by underwater camera (Tiffan and Perry 2020).

Sampling methods and statistical procedures used in generating the estimated escapements
have improved substantially over the past 15 to 20 years. Beginning with the 2005 return,
estimates are available for the total run apportioned into natural and hatchery returns

by age (and hatchery origin) with standard errors and confidence limits (e.g., Young et

al. 2012). Estimates of escapement over Lower Granite Dam for return years prior to 2005
were also based on adult dam counts and trap sampling. Methods varied across years and
are generally described in annual reports compiled by the WDFW Snake River laboratory
(Milks and Oakerman 2018).

The U.S. Geological Survey (USGS) Western Fisheries Research Center has developed a two-
stage state-space life-cycle model for naturally produced fall Chinook salmon in the Snake
River basin (Tiffan and Perry 2020). The model has been used to assess proposed actions
for the Columbia River systems biological opinion (NMFS 2020).

Some upper Hells Canyon hatchery releases have been moved to the Salmon River. Fish are
beginning to return and any changes in natural production or the pHOS in the Upper Hells
Canyon MaSA will require at least one full brood cycle.

The recovery plan was completed in 2017 and outlines the following three potential
recovery scenarios:

A. Achieve “highly viable” status for the extant Lower Snake River population and
“viable” status for the currently extirpated Middle Snake River population.

B. Achieve “highly viable” status for the Lower Snake River population.

C. Achieve “highly viable” status for the Lower Snake River population with the
creation of a Natural Production Emphasis Area (NPEA).
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Abundance and productivity

The updated data series described above—of spawner abundance, age structure, and
hatchery/natural proportions—were used to generate current assessments of adult
abundance and productivity at the population level. Evaluations were done using both a set
of metrics corresponding to those used in prior BRT reviews, as well as a set corresponding
to the specific viability criteria based on ICTRT recommendations for this ESU (ICTRT 2007).
The relatively simple BRT-level metrics were done consistently across all ESUs and DPSes to
facilitate comparisons across domains. Assessments using the ICTRT metrics are described
in the TRT and Recovery Plan Criteria section. The ICTRT abundance and productivity
metrics are measured over longer time frames to dampen the effects of annual variations,
and they use annual natural-origin age composition to calculate brood-year recruitment
when sampling levels meet regional fishery agency criteria. Population-level estimates for
this assessment are available through NWFSC’s Salmon Population Summary database.

Prior to the early 1980s, returns of Snake River fall-run Chinook salmon were likely
predominately natural-origin (Bugert et al. 1995). Natural-origin return levels declined
substantially following the completion of the three-dam Hells Canyon Complex (1959-67),
which completely blocked access to major production areas above Hells Canyon Dam, and
the construction of the lower Snake River dams (1962-75). Based on extrapolations from
sampling at Ice Harbor Dam (1977-90), the Lyons Ferry Hatchery (1987-present), and at
Lower Granite Dam (1990-present), hatchery strays made up an increasing proportion of
returns at Lower Granite Dam (the uppermost Snake River mainstem dam) through the
1980s (Bugert and Hopley 1989, Bugert et al. 1990). Strays from out-planting Priest Rapids
hatchery-origin fall-run Chinook salmon (an out-of-ESU stock from the mid-Columbia
River) and Snake River fall-run Chinook salmon from the Lyons Ferry Hatchery program
(on-station releases initiated in the mid-1980s) were the dominant contributors. Estimated
natural-origin returns reached a low of less than 100 fish in 1990. The initiation of the
supplementation program in 1998 increased returns allowed to naturally spawn.

Since supplementation returns began, naturally spawning fall-run Chinook salmon in the lower
Snake River have included both returns originating from naturally spawning parents and from
returning hatchery releases. Hatchery-origin fall-run Chinook salmon escaping upstream above
Lower Granite Dam to spawn naturally are now predominantly returns from Idaho Power
Company, Nez Perce Tribal Hatchery, and Fall Chinook Acclimation Project supplementation
program juvenile releases in reaches above Lower Granite Dam and from releases at Lyons
Ferry Hatchery that have dispersed upstream. These fish are part of the listed ESU.

Supplementation and other measures since listing led to large increases in natural-origin
returns, gradually at first and then, in 2013, adult spawner abundance reached over

20,000 fish (Figure 27, Table 15). From 2012-15, natural-origin returns were over 10,000 adults.
Spawner abundance has declined since 2016 to 4,998 adult natural-origin spawners in 2019
(Figure 27). In 2018, natural-origin spawner abundance was 4,916, a quarter of the return

in 2013. This appears as a high negative percent change in the five-year geometric mean
(Table 15), but, when looking at the trend in longer time frames, across more than one
brood cycle, it shows an increase in the ten-year geometric mean relative to the last status
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Figure 27. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.

Table 15. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count
times the fraction natural estimate, if available. In parentheses is the 5-year geometric mean
of raw total spawner counts, computed as the product of counts raised to the power 1over the
number of counts available (2 to 5). A minimum of 2 values was used to compute the geometric
mean. Percent change between the 2 most recent 5-year periods is shown on the far right.

Population 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change

Lower Snake River FA 333 (581) 548(980) 3,014 3,645 11,254 7,252  -36(-41)
(8398)  (10,581) (37,812)  (22,141)

Table 16. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed wild spawner log abundance estimate. Only populations with at least
4 wild spawner estimates from 1980-2014 and with at least 2 data points in the first 5 years and
last 5 years of the 15-year period are shown.

Population 1990-2005 2004-2019
Lower Snake River FA 0.22 (0.17,0.27) 0.05 (-0.01, 0.11)

review, and a near-zero population change for the 15-year trend in abundance (Table 16). The
geometric mean natural adult abundance for the most recent ten years (2010-19) is 9,034
(0.15SE), higher than the ten-year geomean reported in the most recent status review (6,418,
0.19 SE, 2005-14; NWFSC 2015). While the population has not been able to maintain the higher
returns it achieved in 2010 and 2013-15, it has maintained at or above the ICTRT defined
Minimum Abundance Threshold (3,000) during climate challenges in the ocean and rivers.

Productivity, defined in the ICTRT viability criteria as the expected replacement rate at
low to moderate abundance relative to a population’s minimum abundance threshold, is a
key measure of the potential resilience of a natural population to annual environmentally
driven fluctuations in survival (ICTRT 2007). Snake River fall-run Chinook salmon have
been above the ICTRT defined minimum abundance threshold since 2001. Productivity, as
seen in broodyear returns-per-spawner, has been below replacement (1:1) in recent years,
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and a longer-term, 20-year geometric mean raw productivity is 0.63 (Figure 28)—Ilikely an
underestimate of intrinsic productivity. While below-replacement returns are concerning,
the long-term (15-year) abundance trend is stable and the population remains well

above the minimum abundance threshold set by the ICTRT. Return rates for broodyears
1995-2000 generally exceeded replacement. Spawner-to-spawner ratios for broodyears
2001-03 were below replacement, cycling above replacement for just one year in 2006, and
have been below replacement since 2010. In accordance with the ICTRT methods, survival
at all life stages is accounted for by calculating productivity at the spawning ground. This
includes ocean, downstream and upstream passage, and freshwater survivals.

Chinook (Snake River fall-run ESU)
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Figure 28. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year ¢t minus the smoothed natural spawning abundance in year (t-4). Spawning
years on x-axis.
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Figure 29. Total exploitation rate for Snake River fall-run Chinook salmon. Data for marine
exploitation rates from the Chinook Technical Committee model (Calibration 1503) and for
in-river harvest rates from the Columbia River Technical Advisory Committee (TAC 2019 model
calibration, old base period).
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Snake River fall-run Chinook salmon have a very broad ocean distribution and have been
taken in ocean salmon fisheries from Central California through southeastern Alaska. They
are also harvested in-river in tribal and non-tribal fisheries. Historically they were subject
to total exploitation rates on the order of 80%. Since they were originally listed in 1992,
fishery impacts have been reduced in both ocean and river fisheries (Figure 29). Total
exploitation rate has been relatively stable, in the range of 40-50%, since the mid-1990s.

Spatial structure and diversity

The extant Snake River fall-run Chinook salmon population consists of a spatially complex
set of five historical major spawning areas (ICTRT 2007), each of which consists of a set of
relatively discrete spawning patches of varying size (Connor et al. 2001, Groves et al. 2013).
The primary MaSA in the extant Lower Snake River population is the 96-km Upper Hells
Canyon reach, extending upriver from the confluence of the Snake and Salmon Rivers to the
Hells Canyon Dam site, where the canyon walls narrow and strongly confine the river bed.
A second mainstem Snake River MaSA, the Lower Hells Canyon, extends 69 km downstream
from the confluence to the upper end of the contemporary Lower Granite Dam pool. The
lower mainstem reaches of two major tributaries to the mainstem Snake River, the Grande
Ronde and the Clearwater Rivers, were also identified by the ICTRT as MaSAs. Both of these
river systems currently support fall Chinook salmon spawning in the lower reaches. In
addition, there is some historical evidence for production of late spawning Chinook salmon
in spatially isolated reaches in upriver tributaries to each of these systems.

Historical records and geomorphic assessments support the historical existence of a fifth
MaSA comprising spawning habitats in the lower Tucannon River and the adjacent inundated
mainstem Snake River section associated with Little Goose and Lower Monumental Dams.
Several other tributaries of varying size (e.g., the Salmon and Imnaha Rivers, and Alpowa
and Asotin Creeks) enter the mainstem Snake River within each of the MaSAs defined above.
Production in those lower mainstem sections is considered part of the adjoining mainstem
MaSA (ICTRT 2007). Similar to the Grande Ronde and Clearwater Rivers, anecdotal accounts
suggest that late-spawning Chinook salmon may have existed in the lower mainstem of the
South Fork Salmon River (e.g., Connor et al. 2016). Historically, some level of fall Chinook
salmon spawning may have occurred in the lower Snake River in the reach currently inundated
by the Ice Harbor Dam pool (Dauble et al. 2003). Spawners using the lowest potential spawning
reaches in the Snake River, currently inundated by Ice Harbor Dam, could have been associated
with either the Lower Snake River population or a population centered on mainstem Columbia
River spawning areas currently inundated by John Day and McNary Dams.

Annual redd surveys show that fall Chinook salmon spawning occurs in all five of the
historical MaSAs (Arnsberg et al. 2020a). PBT has allowed for spawning-ground sampling
for parentage analysis. Fidelity studies have indicated there is spawner dispersal within the
population from different release sites (Cleary et al. 2018).

The fraction of natural-origin fish on the spawning grounds has remained relatively stable for
the last ten years, with five-year means of 31% (2010-14) and 33% (2015-19; Figure 30, Table 17).
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Figure 30. Smoothed trend in the estimated fraction of the natural spawning population consisting

of fish of natural origin. Points show the annual raw estimates.

Table 17. Five-year mean of fraction natural-origin fish in the population (sum of all estimates
divided by the number of estimates).

Population 1995-99 2000-04 2005-09 2010-14 2015-19
Lower Snake River FA 0.58 0.34 0.37 0.31 0.33

Biological viability relative to recovery goals

Consistent with the ICTRT’s line of reasoning, the recovery plan contains three recovery
scenarios, each consistent with the basic set of viability objectives developed by the ICTRT
and each representing a potential pathway to achieving low risk for the ESU. Scenario A
would achieve ESU viability with two populations, while Scenarios B and C describe
alternative approaches for achieving viability with the single extant Lower Snake River
population. Each scenario includes specific criteria and potential metrics for measuring
viability characteristics (NMFS 2017b). The scenarios are summarized briefly below.

Scenario A: Two populations, one highly viable and the other viable. This scenario would
achieve ESU viability by: a) improving the extant Lower Snake River population to “highly
viable” status, and b) reestablishing the extirpated Middle Snake River population above
the Hells Canyon Complex to viable status. It reflects a simple, modified application of
the ICTRT’s general MPG-level viability criteria (which would require that both historical
populations achieve “highly viable” status). NMFS determined that this variation on the
ICTRT’s general criteria was appropriate given the spatial and life-history diversity of the
extant Lower Snake River population, and in recognition of the complexities involved in
reestablishing the extirpated Middle Snake River population.

Scenario B: A single population measured in the aggregate. Scenario B is based on an alternative
application of the ICTRT’s criteria. It would achieve ESU viability by improving the status of
the extant Lower Snake River population to “highly viable” with a high degree of certainty. VSP
characteristics would be evaluated in the aggregate (i.e., population-wide), across all natural-
origin adult spawners. The requirement for a high degree of certainty that the population is
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highly viable would reduce the inherent increased risk associated with a single-population
ESU. The spatial complexity and associated ability to support life-history diversity of the
Lower Snake River population provide opportunities to achieve the basic ICTRT viability
objectives for protection against demographic and catastrophic risk, and to provide for
expression of diversity and within-population adaptation to environmental variation.

Scenario C: A single population with natural production emphasis areas. Like Scenario B,
Scenario C would achieve ESU viability by achieving high confidence of “highly viable”
status for the Lower Snake River population. In this scenario, however, rather than
evaluating population status in the aggregate, as under Scenario B, population status would
be evaluated based on having a substantial amount of natural production for the ESU
come from one or two of the five major spawning areas. These NPEAs would be managed
to have a low percentage of hatchery-origin spawners and to support significant levels of
natural-origin spawners (other major spawning areas could have higher acceptable levels
of hatchery-origin spawners). The NPEAs would make it possible to directly evaluate the
productivity of the natural population and ensure that a substantial proportion of the
population is subject to natural selection rather than hatchery processes.

While the ten-year geometric mean natural-origin abundance level has been high—
8,920 natural-origin spawners (2010-19) relative to the >4,200 natural-origin spawners
for the single-population scenario (B) which the population is closer to meeting—the
abundance/productivity margin is insufficient to rate as “very low risk” given the
uncertainty-buffering requirement under the single-population viability scenario; the
most recent 20-year geometric mean raw productivity is 0.63 and the recovery plan calls
for 21.7 (NMFS 2017b). As a result, the Lower Snake River population is rated at “low risk”
(Table 18), rather than “very low risk,” for abundance and productivity.

In terms of spatial structure and
diversity, the Lower Snake River
Chinook salmon population israted  Table 18. Lower Snake River fall-run Chinook salmon

at “low risk” for Goal A (allowing population risk ratings integrated across the four

natural rates and levels of spatially VSP parameters. Yiabi.lity key: HV.= highly viable,
. V =viable, M = maintained, HR = high risk (does not
mediated processes), as the

. . meet viability criteria).
population shows regular dispersal y )
into all five available spawning SS/D risk

areas. It is rated “moderate risk”
Verylow Low Moderate High

for Goal B (maintaining natural

levels of Variat%on), resulting in Veryll;)w Hv Hv v M
an overall spatial structure and (<1%)
diversity rating of “moderate \%
1 . Low
risk” (Table 18). In particular, the (1-5%) v v (Lower M
. . . A/P Snake River)
rating reflects the relatively high rink
proportion of Within-popu!ation Mgd;;z;te n o n -
hatchery spawners (70%) in all (6-25%)
major spawning areas, which does High
not meet the requirements of (>25%) HR HR HR HR
either single-population recovery
plan strategy (B or C).
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Updated biological risk summary

Overall population viability for the Snake River fall-run Chinook salmon ESU is determined
based on a combination of ratings for current abundance and productivity and combined
spatial structure diversity. The current risk rating for the Lower Snake River population

is “viable” (Table 18). The single-population delisting options provided in the draft Snake
River fall-run Chinook salmon recovery plan would require the population to meet or
exceed minimum requirements for “highly viable” with a high degree of certainty. The
current rating is based on evaluating current status against the recovery plan criteria for
the single, aggregate population scenarios (Scenarios B or C).

To achieve “highly viable” status with a high degree of certainty, the SS/D rating needs to
be “low risk.” This status assessment used the ICTRT framework for evaluating population-
level status in terms of spatial structure and diversity organized around two major goals:
maintaining natural patterns for spatially mediated processes, and maintaining natural
levels of variation (ICTRT 2007).

Overall, the status of Snake River fall-run Chinook salmon has clearly improved compared
to the time of listing. The single extant population in the ESU is currently meeting the
criteria for a rating of “viable” developed by the ICTRT, but the ESU as a whole is not
meeting the recovery goals described in the recovery plan for the species, which require
the single population to be “highly viable with high certainty” and/or will require
reintroduction of a viable population above the Hells Canyon Complex (NMFS 2017b). The
Snake River fall-run Chinook salmon ESU therefore is considered to be at a moderate-to-
low risk of extinction, with viability largely unchanged from the prior review.
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Snake River Sockeye Salmon ESU

Brief description of ESU

The Snake River sockeye salmon ESU includes all naturally spawned anadromous and
residual sockeye salmon originating from the Snake River basin, as well as sockeye salmon
from the Redfish Lake Captive Broodstock Program and the Snake River Sockeye Salmon
Hatchery Program (USOFR 2005a, 2020; Figure 31). This ESU was first listed as endangered
under the ESA in 1991; the listing was reaffirmed in 2005, 2012, and 2016.
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Figure 31. Map of the Snake River sockeye salmon ESU’s spawning and rearing areas, illustrating
populations and major population groups.

Summary of previous viability conclusions

2005

The 2005 BRT assigned the Snake River sockeye salmon ESU to the “in danger of extinction”
category (Good et al. 2005). This high risk rating was reflected in the scoring by all members
of the BRT. The BRT rated the ESU at extremely high risk across all four basic risk measures
(abundance, productivity, spatial structure, and diversity), noting that only 16 naturally
produced adults have been counted since 1991. The BRT assessment acknowledged that the
emergency captive brood program initiated in 1991 had, “...at least temporarily... rescued
this ESU from the brink of extinction...” (p. 421), and that ongoing research had substantially
increased biological and environmental information about the ESU.
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2010

Ford et al. (2011) concluded that substantial progress had been made with the Snake River
sockeye salmon captive broodstock-based hatchery program, but natural production levels
of anadromous returns remained extremely low for this ESU. Sufficient numbers of eggs,
juveniles, and returning hatchery adults had been available from the captive brood program
to allow for initiation of efforts to evaluate alternative supplementation strategies in support
of re-establishing natural production of anadromous sockeye. Limnological studies and direct
experimental releases were being conducted to elucidate production potential in three of the
Stanley Basin, Idaho, lakes that were candidates for sockeye restoration. The availability of
increased numbers of adults supported direct evaluation of lake habitat rearing potential,
juvenile downstream passage survivals, and adult upstream survivals. Although the captive
brood program had been successful in providing substantial numbers of hatchery-produced
0. nerka for use in supplementation efforts, substantial increases in survival rates across
life-history stages were needed in order to re-establish sustainable natural production
(Hebdon et al. 2004, Keefer et al. 2008). The increased abundance of hatchery-reared Snake
River sockeye salmon reduced the risk of immediate loss, but levels of naturally produced
sockeye salmon returns remained extremely low. As a result, Ford et al. (2011) concluded
that, although the risk status of the Snake River sockeye salmon ESU appeared to be on an
improving trend in 2010, the new information considered did not indicate a change in the
biological risk category since the time of the prior BRT status review in 2005.

2015

NWFSC (2015) concluded that the Snake River Sockeye ESU remained at extremely high risk
,although there had been substantial progress on the first phase of the proposed recovery
approach - developing a hatchery based program to amplify and conserve the stock to
facilitate reintroductions. They concluded that there was no basis for changing the ESU
ratings assigned in prior reviews, but that the trend in status appears to be positive.

Description of new data available for this review

Estimates of annual returns are now available through 2019. Adult returns in 2014 were
the highest since the current captive brood-based program began, with a total of 1,579
counted back to the Stanley Basin. The majority of the adults captured in recent years
were trapped at the Redfish Lake Creek weir; the remaining adults were captured at the
Sawtooth Hatchery weir on the mainstem Salmon River upstream of the Redfish Lake
Creek confluence. In 2015, conditions during migration led to high mortality within the
hydrosystem and an emergency transport of fish from Lower Granite Dam.

Juvenile outmigrant survivals from release to Lower Granite Dam have been highly
variable. High in-basin mortality in smolts released in 2015-17 was found to be due to water
chemistry shock between the Springfield Hatchery water and the water of Redfish Lake.

By 2018, acclimation studies showed that one week at the intermediate-hardness water

at Sawtooth Hatchery was sufficient transition from Springfield Hatchery to Redfish Lake
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(Johnson et al. 2019). Juvenile survival from Lower Granite Dam to Bonneville Dam from
2008-13 ranged from 40% to 57% (NMFS 2016). Recent years had both higher highs and
lower lows. Highs in 2014 and 2018 were at 71% and 64% respectively, but 2015-17 survivals
ranged from 12% to 37%, the same years with high mortality at release (Widener et al. 2018).

Upstream adult passage survivals from Bonneville Dam to Lower Granite Dam averaged
60% survival from 2014 to 2018, excluding 2015 when survival was less than 4% due to

high temperatures during the migration period. Adult survivals from Lower Granite Dam
to the Stanley Basin averaged 56% for 2014-18, excluding 2015 when they dropped to 14%.
Temperatures during the adult upstream migration in 2015 were unusually high due to low
snowpack coupled with extremely high air temperatures. This resulted in warm water in
the major tributaries and led to an almost complete collapse of the run between Bonneville
and Lower Granite Dams (NMFS 2016). These losses would have affected the SARs for

SY 2010 and SY 2011. The implications of this range in annual survivals for recovery efforts
are uncertain and will depend on the relative frequency of passage conditions across future
years. Given their particular run timing and phenotypic and behavioral characteristics,
Snake River sockeye salmon are particularly susceptible to high summer temperatures
during their adult migration (Crozier et al. 2008, Crozier et al. 2020). The conditions in 2015
are expected to become less rare as climate change progresses.

Abundance and productivity

Adult returns of sockeye salmon to the Sawtooth Basin crashed in 2015, and natural returns
have remained low (Table 19, Figure 32). The low returns of fish collected at the Redfish
Lake and Sawtooth Hatchery weirs have limited anadromous releases into Redfish Lake to
311 anadromous hatchery fish in 2016 (Figure 33). No natural anadromous fish have been
released since 2014, as they are required to be spawned in the captive broodstock program
under NMFS Section 10 Permit 1454. Captive adult releases have continued to support
spawning in Redfish Lake. Smolt-to-adult return rates suggest that volitional spawning
within Redfish Lake appears to be important to the success of the Snake River sockeye
salmon captive broodstock-based hatchery program (Kozfkay et al. 2019).

Table 19. Five-year geometric mean of raw natural return counts. In parentheses, 5-year geometric
mean of raw total return counts is shown. The geometric mean was computed as the product
of counts raised to the power 1 over the number of counts available (2 to 5). A minimum of
2 values was used to compute the geometric mean. Percent change between the 2 most-recent
5-year periods is shown on the far right.

Population 2000-04 2005-09 2010-14 2015-19 % change
Snake River sockeye 4 (26) 9(33) 137 (699) 16(113) -89 (-84)
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Figure 32. Snake River sockeye salmon anadromous returns, 1999-2019 (figure from Johnson et al.2020).

In 2015, low snowpack, coupled with extremely high air temperatures throughout the
interior Columbia River basin, resulted in warm water in the major tributaries to the

lower Snake and Columbia Rivers. Temperatures in the mainstem Columbia River were the
highest recorded from roughly mid-June to mid-July. Adult sockeye salmon, which normally
migrate during this period, sustained heavy losses in the Columbia River and tributaries,
with losses in the mainstem migration corridor exceeding 95% between Bonneville and
Lower Granite Dams (NMFS 2016).

With low sockeye salmon returns to the Stanley Basin, the hatchery program remains in
its initial phase with a priority on genetic conservation and building sufficient returns to
support sustained outplanting (NMFS 2015).

Since discontinuing the presmolt program due to relatively poor smolt-to-adult return
rates, direct smolt plants in the lower section of Redfish Lake Creek and in the Salmon River
(Sawtooth Hatchery weir) have been increased, ranging from 423,103 to 882,386 per year

in the most recent five-year period (2015-19; Figure 34). Survival at planting has improved
with acclimation at Sawtooth Hatchery between Springfield Hatchery and release into
Redfish Lake Creek (Johnson et al. 2019).
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Figure 33. Adult releases into Redfish Lake of anadromous and captive fish (figure from Johnson et

al. 2020).
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Figure 34. Estimated annual numbers of sockeye salmon smolt outmigrants from the Stanley Basin.

This includes all hatchery smolt releases, known outmigrants originating from hatchery

presmolt outplants, and estimates of unmarked juveniles migrating from Redfish, Alturas, and
Petit Lakes combined (figure from Johnson et al. 2020).
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Unmarked juvenile sockeye salmon emigrating from the three lake systems have averaged
approximately 22,523 over the most-recent five years, ranging from over 38,886 in 2019

to a low of 5,488 in 2017 (Figure 35). A number of sources could be contributing to the
outmigration of unmarked juveniles, including prior years’ adults passed into Redfish Lake,
captive broodstock adult outplants, egg box outplants, or natural production from residual
spawners (Kozfkay et al. 2019).
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Figure 35. Estimates of unmarked juveniles migrating from Redfish, Alturas, and Petit Lakes (figure
from Johnson et al. 2020).
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Natural production occurring within Redfish Lake had the highest overall survival rates
from the smolt-to-adult life stage, despite having lower emigration survival from the
Sawtooth Valley basin to Lower Granite Dam (Johnson et al. 2019). Increases in smolt
abundances have not led to increases in natural adult returns (Kozfkay et al. 2019).

Annual basin-to-basin estimates of SAR rates through broodyear 2014 (returns completed
in 2019) have been generated for Snake River sockeye salmon through a combination of
PBT and a length-at-age key for fish that assign as unknown. Natural production from
Redfish Lake SARs averaged 0.41% for the five most-recent brood years (2010-14) that have
completed returns, with a ten-year average of 0.86%. Natural production from Pettit and
Alturas Lakes, from anadromous and captive releases, averaged 0.86% for the five most-
recent broodyear returns, and 0.53% for the ten most-recent. Hatchery production smolts
averaged 0.30% and 0.43% for Oxbow Reservoir smolts and 0.08% and 0.21% for Sawtooth
Valley smolts in five- and ten-year averages respectively (Johnson et al. 2020). There are two
brood years of Springfield Hatchery smolt releases completed now, with no adult returns
due to the water chemistry acclimation issues.

The Lower Granite Dam SARs reflect aggregate return rates across two major downstream
migration routes: in-river passage and downstream transport to below Bonneville Dam.
The median estimated survival of juvenile in-river migrants downriver from Lower Granite
Dam through the lower Snake River to McNary Dam on the mainstem Columbia River was
67% for the period 1996-2010 and 69% for 2012-18 (Widener 2019). The median estimates
of juvenile passage survivals for the McNary-to-Bonneville Dam reach (1998-2003, 2006-10)
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were 0.54 and (2012-18) 0.62, which should be interpreted with caution due to small sample
sizes and associated low detection probabilities for many of the individual year estimates.
The median estimated survival from Lower Granite Dam to Bonneville Dam for the period
2012-18 was 0.47 (Widener 2019).

Estimated survival in 2019 of Snake River sockeye salmon (hatchery- and natural-origin
combined) from the tailrace of Lower Granite Dam to the tailrace of Bonneville Dam was
43.4% (95% CI: 37.7-49.9%). Estimated survival in 2019 of Columbia River sockeye salmon
(hatchery- and natural-origin combined) from the tailrace of Rock Island Dam to the
tailrace of Bonneville Dam was 73.7% (44.7%-121.5%). Both estimates were above their
respective long-term averages of 40.7% and 50.6% (Zabel 2019).

Sockeye transported through the hydrosystem have a much lower adult survival than run-of-
the-river. Adult migration through the Columbia River reach was half the observed survival
for those transported as juveniles than not (0.30 vs. 0.59; Crozier et al. 2020). Fallback occurs
at much higher rates in sockeye than other salmon, and has been a significant predictor of
sockeye survival, slowing travel and increasing thermal exposure (Crozier et al.2018). No
transported sockeye survived upstream migration to Lower Granite Dam in 2015.

Sockeye salmon returning to Redfish Lake in Idaho’s Sawtooth Valley travel a greater
distance from the sea, 1,448 km (900 mi), to a higher elevation (1,996 m [6,500 ft]), than any
other sockeye salmon population. They are the southernmost population of sockeye salmon
in the world. Adult upstream migration takes place during midsummer, exposing the
salmon to altered climate conditions such as higher temperatures and lower flows. Adult
upstream passage survivals through the mainstem Columbia River to the mouth of the
Snake River are assumed to be relatively high during normal conditions based on inferences
from estimates of upstream passage for upper Columbia River sockeye salmon (Johnson

et al. 2019). Comparisons of adult sockeye counts at Ice Harbor and Lower Granite Dams
indicate direct losses are also low for passage through the lower Snake River. Adult passage
survival estimates based on PIT-tag detections at multiple dams also indicate relatively low
direct passage mortality upstream to Lower Granite Dam (Johnson et al. 2019). Conditions
during the 2015 adult migration led to a loss of 95% of the run between Bonneville Dam and
Lower Granite Dam (NMFS 2016).

While conditions in 2015, with very warm water temperatures in the migration corridor and
low flows, were uncommonly rare historically, they are expected to become more common
in the future as climate change progresses (Crozier et al. 2020). This ESU’s reliance on
captive broodstock production inhibits any natural evolutionary changes in run timing.

Harvest

Ocean fisheries do not significantly impact Snake River sockeye salmon. Within the
mainstem Columbia River, treaty tribal net fisheries and non-tribal fisheries directed

at Chinook salmon do incidentally take small numbers of sockeye. Most of the sockeye
harvested are from the upper Columbia River (Canada and Lake Wenatchee), but very
small numbers of Snake River sockeye are taken incidental to summer fisheries directed at
Chinook salmon. In the 1980s, fishery impact rates increased briefly due to directed sockeye
fisheries on large runs of upper Columbia River stocks (Figure 36).
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Figure 36. Exploitation rates on Snake River sockeye salmon. Data from the Columbia River Joint
Staff Report (2019).

Spatial structure and diversity

There is evidence that the historical Snake River sockeye salmon ESU supported a range of
life-history patterns, with spawning populations present in several of the small lakes in the
Stanley Basin (NMFS 2015). Historical production from Redfish Lake was likely associated
with a lake shoal spawning life-history pattern, although there may have also been some
level of spawning in Fishhook Creek (NMFS 2015). Historical accounts indicate that Alturas
Lake Creek supported an early timed riverine, and may have also contained lake shoal
spawners (NMFS 2015).

At present, anadromous returns are dominated by production from the captive spawning
component. The ongoing reintroduction program is still in the phase of building sufficient
returns to allow for large-scale reintroduction into Redfish Lake, the initial target for restoring
natural production (NMFS 2015). Initial releases of adult returns directly into Redfish Lake
have been observed spawning in multiple locations along the lake shore, as well as in Fishhook
Creek (NMFS 2015). There is some evidence of very low levels of early timed returns in some
recent years from outmigrating, naturally produced Alturas Lake smolts. At this stage of the
recovery efforts, the ESU remains rated at “high risk” for both spatial structure and diversity.

Biological viability relative to recovery goals

Long-term recovery objectives for this ESU are framed in terms of natural production. At
this point in time, natural production of anadromous Snake River sockeye salmon remains
limited to extremely low levels in Redfish Lake, one of five Sawtooth Valley lakes believed
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to have historically supported production, with a few thousand outmigrants each year from
Pettit and Alturas Lakes. As a result, the overall biological status relative to recovery goals
is “high risk.” Substantial progress has been made with the Snake River sockeye salmon
captive broodstock-based hatchery program.

Limnological studies and direct experimental releases are being conducted to elucidate
production potential in three of the Stanley Basin lakes that are candidates for sockeye
salmon restoration. The availability of increased numbers of adults and juveniles has
supported direct evaluation of lake habitat rearing potential, juvenile downstream passage
survivals, and adult upstream survivals. Although the captive broodstock program has been
successful in providing substantial numbers of hatchery-produced sockeye salmon for use
in supplementation efforts, substantial increases in survival rates across life-history stages
must occur in order to re-establish sustainable natural production (e.g., Hebdon et al. 2004,
Keefer et al. 2008). The increased abundance of hatchery-reared Snake River sockeye
salmon reduces the risk of immediate loss, but levels of naturally produced sockeye salmon
returns remain extremely low and at high risk from climate change.

Updated biological risk summary

In terms of natural production, the Snake River sockeye salmon ESU remains at “extremely
high risk,” although there has been substantial progress on the first phase of the proposed
recovery approach—developing a hatchery-based program to amplify and conserve

the stock to facilitate reintroductions. Current climate change modeling supports the
“extremely high risk” rating with the potential for extirpation in the near future (Crozier et
al. 2020). The viability of the Snake River sockeye salmon ESU therefore has likely declined
since the time of the prior review, and the extinction risk category remains “high.”
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Snake River Basin Steelhead DPS

Brief description of DPS

The Snake River Basin steelhead DPS includes all naturally spawned anadromous O. mykiss
(steelhead) populations below natural and manmade impassable barriers in streams in the
Snake River basin of southeastern Washington, northeastern Oregon, and Idaho, as well

as several hatchery programs (Figure 37; USOFR 2020). Snake River Basin steelhead are
classified as summer-run based on their adult run timing patterns. Much of the freshwater
habitat used by Snake River Basin steelhead for spawning and rearing is warmer and drier
than that associated with other steelhead DPSes. Snake River Basin steelhead spawn and
rear as juveniles across a wide range of freshwater temperature/precipitation regimes.
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Figure 37. Snake River Basin steelhead DPS spawning and rearing areas, illustrating populations and
major population groups.

NMFS has defined DPSes of steelhead to include only the anadromous members of this
species (USOFR 2005b). Our approach to assessing the current viability of a steelhead DPS
is based on evaluating information about the abundance, productivity, spatial structure, and
diversity of the anadromous component of this species (Good et al. 2005). Many steelhead
populations along the U.S. West Coast co-occur with conspecific populations of resident
rainbow trout. We recognize that there may be situations where reproductive contributions
from resident rainbow trout may mitigate short-term extinction risk for some steelhead
DPSes (Good et al. 2005). We assume that any benefits to an anadromous population
resulting from the presence of a conspecific resident form will be reflected in direct
measures of the current viability of the anadromous form.
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Summary of previous viability conclusions

2005

The 2005 BRT report highlighted moderate risks across all four primary factors
(productivity, natural origin abundance, spatial structure, and diversity) for this DPS. A
majority (70%) of the risk assessment points assigned by the BRT were allocated to the
“likely to become endangered” category. The continued relatively depressed viability of
B-run populations was specifically cited as a particular concern. The BRT identified the
general lack of direct data on spawning escapements in the individual population tributaries
as a key uncertainty, rendering quantitative assessment of viability for the DPS difficult. The
BRT also identified the high proportion of hatchery fish in the aggregate run over Lower
Granite Dam, combined with the lack of tributary-specific information on relative spawning
levels, as a second major uncertainty and concern. The BRT cited the upturn in return levels
in 2000 and 2001 as evidence that the DPS “...is still capable of responding to favorable
environmental conditions” (p.300). However, the report also acknowledged that abundance
levels remain well below interim targets for spawning aggregations across the DPS.

2010

Ford et al. (2011) concluded that the level of natural production in the two populations with
full data series and the Asotin Creek index reaches was encouraging, but the viability of
most populations in this DPS remained highly uncertain. Population-level natural-origin
abundance and productivity inferred from aggregate data and juvenile indices indicated
that many populations were likely below the minimum combinations defined by the ICTRT
viability criteria. A great deal of uncertainty remained regarding the relative proportion

of hatchery fish in natural spawning areas near major hatchery release sites. There was
little evidence for substantial change in ESU viability relative to the 2005 BRT review.
Overall, therefore, the new information considered in 2010 did not indicate a change in the
biological risk category since the time of the prior BRT status review in 2005.

2015

In the last status review (NWFSC 2015), four out of the five MPGs were not meeting the
specific objectives in the draft recovery plan based on the updated viability information
available for the review, and the viability of many individual populations remained uncertain.
The Grande Ronde River Upper Mainstem MPG was tentatively rated as “viable,” but more
specific data on spawning abundance and the relative contribution of hatchery spawners for
the Lower Grande Ronde and Wallowa River populations were recommended to improve
future assessments. The additional monitoring programs instituted in the early 2000s to
gain better information on natural-origin abundance and related factors had significantly
improved our ability to assess viability at a more detailed level. The new information
resulted in an updated view of the relative abundance of natural-origin spawners and
life-history diversity across the populations in the DPS. The more specific information

on the distribution of natural returns among stock groups and populations indicated

that differences in A/P status among populations may be more related to geography or
elevation rather than A-run vs. B-run. Based on these results, the major life-history category
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designations for populations in the DPS were updated. A great deal of uncertainty still
remaind regarding the relative proportion of hatchery fish in natural spawning areas near
major hatchery release sites within individual populations. Overall, the information analyzed
for the 2015 review did not indicate a change in biological risk status from prior reviews.

Description of new data available for this review

In the past, adult abundance data series for the Snake River Basin steelhead DPS were limited
to a set of aggregate estimates (total, A-run, and B-run, counted at Lower Granite Dam),
estimates for two Grande Ronde River populations (Joseph Creek and Grande Ronde River
Upper Mainstem), and index area or weir counts for subsections of several other populations.
Obtaining estimates of annual abundance and information on the relative distribution of
hatchery spawners for additional populations within the DPS has been a high priority. Two
projects based on representative sampling of adult returns at Lower Granite Dam have
resulted in estimates of the numbers of natural returns for additional populations or groups
of populations (QCI 2013, Copeland et al. 2015a). One of those approaches, a mixed stock
analysis genetics sampling project, is generating estimates of natural-origin adults originating
from ten different stock groups. The second project generates estimates of the escapement
at the population or watershed level for 21 groups with a mixture model (DABOM) based

on PIT-tag detections from a network of locations across the DPS. All three data sets are
presented, generally as three separate panels for each figure. Since the mixture model-based
estimate has only recently been operationalized, most of the resulting time series are too
short to be used to generate long-term indices of abundance and productivity (e.g., 15-year
trends). It is also important to note that the standardized methods of evaluating abundance
and productivity that are applied across all ESUs/DPSes (see Methods) are slightly different
from the metrics established by the ICTRT—the primary difference being the time base for
estimating abundance (five and 15 years versus ten years) and the productivity measure.

Ocean condition indices

Juvenile steelhead are more pelagic than salmon, heading off the continental shelf soon after
entering the ocean in the spring (Burgner 1992). Steelhead migrate seasonally across the
North Pacific Ocean, moving to the north and west in spring and to the south and east, across
the entire Pacific, from autumn through winter (Atcheson et al. 2012). Thus, steelhead ocean
survival may be impacted by different factors than salmon. In fact, recent work has shown
that steelhead population groupings from geographic regions have unique smolt survival
trends that appear to be driven by factors affecting them early in their ocean residence,
despite steelhead smolts generally a) being larger than Pacific salmon smolts when they
enter the ocean, and b) making wide-ranging, off-the-continental-shelf migrations, rather
than remaining more coastal, as Pacific salmon smolts tend to do (Kendall et al. 2017).

Aggregate annual returns of Upper Columbia River spring-run Chinook salmon are
correlated with a range of ocean condition indices, including measures of broad-scale
physical conditions, local biological indicators, and local physical factors (Peterson et
al.2014a). Work is ongoing to relate indices of ocean condition to steelhead populations
up and down the U.S. West Coast. Steelhead marine survival seems to be related to ocean
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surface temperature in the first summer of ocean entry, and populations respond similarly
to spatial patterns of ocean conditions at a rough grain of 250 km between ocean entry
points (Kendall et al. 2017). Therefore, broad spatial patterns of ocean conditions may not
capture the finer spatial scale of response that steelhead seem to exhibit.

Indicators of ocean condition are highly correlated with each other, and exhibit strong temporal
autocorrelation (Figure 129). As a result, when indicators point to conditions that result in poor
ocean productivity for salmonid populations, they do so as a suite of indicators, and for runs
of “good” or “bad” years (see Habitat chapter). Historically, ocean conditions cycled between
periods of high and low productivity. However, global climate change is likely to disrupt this
pattern, in general, leading to a preponderance of low productivity years, with an unknown
temporal distribution (Crozier et al. 2019a). Recent (2015-19) ensemble ocean indicator
rankings include four of the worst seven years in the past 20, meaning that an entire salmon
or steelhead generation could have been subjected to poor ocean productivity conditions.

Genetic diversity

IDFG has compiled an updated assessment of genetic relationship based on 5,967 samples
taken from 62 locations within the DPS (Ackerman et al. 2014). The results generally
support the MPG structure derived by the ICTRT and identify clear population-level
structure within monophyletic clades in the Salmon River and Clearwater River groups
(Hargrove et al. 2021; Figure 38). The upper Salmon River genetic structure has been
evaluated further in recent work from IDFG (Powell and Campbell 2020). Differentiation
among samples from the Grande Ronde River Upper Mainstem and Lower Snake River
MPGs is less distinct, indicating the possibility of relatively high rates of exchange among
those groups as well as with production from adjacent drainages. At this time it is not
possible to determine whether those patterns reflect ongoing, past, or periodic exchanges
or influences of hatchery fish originating from out-of-basin stocks. In addition, stock
definitions based on genetic markers (GSI) from 2009-19 returns were used to reconstruct
individual stock trajectories from the aggregate LGR counts back to 1985 (Lawry et al. 2020).

Abundance and productivity

Evaluations were done using both a set of metrics corresponding to those used in prior
BRT reviews as well as a set corresponding to the specific viability criteria based on ICTRT
recommendations for this ESU. The BRT-level metrics were consistently done across all
ESUs and DPSes to facilitate comparisons across domains. Assessments using the ICTRT
metrics are described in the recovery evaluation section. Population estimates for the time
series available for this assessment are archived and available through NWFSC’s Salmonid
Population Summary database.

The five-year geometric mean abundance estimates for the populations in this DPS all show
significant declines in the recent past (Figure 39, Table 20). Each of the populations decreased
by roughly 50% in the past five-year period, resulting in a near-zero population change in

the past 15 years (Table 21) for the three populations with sufficiently long data time series.
Hatchery-origin spawner estimates for these populations continued to be low (Table 22).

74



Fish Cr CRLOC-s
upper Lochsa R

Lake Cr

Bear Cr

Three Links Cr
Whitecap Cr
997 upper Selway R CRSEL-s
846 Gedney Cr
middle Selway R
1000 O'Hara Cr
893 Tenmile Cr
087 746 Newsome Cr ‘ CRSFC-s
Crooked R
Lolo Cr | CRLOL-s
Clear Cr
— EF Potlatch R
997 — " WF Potlatch R CRLMA-s
Little Bear Cr
Big Bear Cr
e Lapwai Cr
Big Sheep Cr
Little Sheep Cr IRMAL
774 Gumboot/Mahogany Cr =
Lightning Cr

Sawtooth
240 i Valley Cr SRUMA-s

b WF Yankee

763 Morgan Cr | SREFS-s
986 upper Lemhi R | SRLEM-s
Pahsimeroi R | SRPAH-s
NF SalmonR | SRNFS-s

Herd Cr | SREFS-s

Johnson Cr
_— EFSF Salmon R SFMAL-S
upper SF Salmon R mainstem
e Lake Cr (SF Salmon R) SFSEC-s

I_C Secesh R
b Lk Cr

748 Sulphur Cr

Elk/Bear Cr MFUMA-s
Rapid R {MF Salmon R}

Leon Cr

Camas Cr | MFBIG-s

Pistol Cr | MFUMA-s

927 Lower Big Cr
Upper Big Cr | MFEIG-=

Capehorn/Marsh Cr | pEUMA-
_|: Chamberlain Cr | SRCHA-sl s

Boulder Cr | SRSLR-s

993

Slate Cr
_[_ upper Grande Ronde R |
Catherine Cr GRWAL-s
I 974 —  Wall R
Menatchee Cr | GRLMT-=
Little R | GRWAL-s

L iostineR
Wenaha R | GRLMT-s
— 927 Elk Cr (Joseph Cr)
Joseph Cr GRJOS-s

AsolinCr | snasOs

Alpowa Cr
Tucannen R | SNTUC-s

Figure 38. Genetic relationships of steelhead collected from locations across the Snake River
basin. The tree is based on Nei’s genetic distance. Numbers along branches show number of
bootstraps out of 1,000 replicates that support the grouping. Only support greater than 70% is
shown. Reproduced from Hargrove et al. (2021).

Populations in the Snake River Basin steelhead DPS exhibited similar temporal patterns in
broodyear returns per spawner, oscillating with a rough period of ten years (Figure 40). Return
rates for broodyears 1995-99 generally exceeded replacement (1:1). Spawner-to-spawner ratios
for broodyears 2001-03 were generally well below replacement for many populations, cycling
above replacement during 2005-10, and strongly below replacement since 2010. Broodyear
return rates reflect the combined impacts of year-to-year patterns in marine life-history stages,
upstream and downstream passage survivals, as well as density-dependent effects resulting
from capacity or survival limitations on tributary spawning or juvenile rearing habitats.

Results from the genetic stock composition monitoring at Lower Granite Dam (beginning
with the 2008-09 cycle year) and the systematic PIT-tag program are providing finer-scale
geographic estimates of steelhead returns by region of origin. The GSI-based approach is
currently able to break out the aggregate natural returns at Lower Granite Dam into ten
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Steelhead (Snake River Basin DPS)
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Figure 39. Smoothed trend in estimated total (thick black line, with 95% confidence interval in
gray) and natural (thin red line) population spawning abundance. In portions of a time series
where a population has no annual estimates but smoothed spawning abundance is estimated
from correlations with other populations, the smoothed estimate is shown in light gray. Points
show the annual raw spawning abundance estimates. For some trends, the smoothed estimate
may be influenced by earlier data points not included in the plot. Figure continues on next
page. This page, top: Long-term dataset from weir and redd surveys. Bottom: Super-population
groups from GSI-based run partitioning of the run-at-large over Lower Granite Dam.

stock reporting groups. The year-to-year patterns in aggregate Snake River basin stocks
of wild summer steelhead also show a steep recent decline (Figure 41). Stocks definitions
based on genetic markers (2009-19 returns) were used to reconstruct individual stock
trajectories from the aggregate LGR counts back to 1985 (Lawry et al. 2020).
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Figure 39 (continued). This page: PIT-tag-based population estimation method based on mixture
model and tag detection network across the DPS.

Run reconstructions of ten genetically identified stocks from the aggregate Snake River
Basin steelhead natural-origin run show similar patterns of productivity through time
(1985-2019, Figure 42), including the low productivity (In R/S < 0) expected from the
declining stock abundance (Lawry et al. 2020).

As noted above, results from the genetic stock composition monitoring at Lower Granite Dam
beginning with the 2008-09 cycle year and the systematic PIT-tag program are providing finer-
scale geographic estimates of steelhead returns by region of origin. The GSI-based approach
is currently able to break out the aggregate natural returns at Lower Granite Dam into ten
stock reporting groups (Figure 38). Five of those groupings likely have negligible or very
low hatchery contributions (Figure 44). Four of those groupings also have a high assignment
probability based on baseline sensitivity analyses (Ackerman et al. 2014). In addition, the first
adult returns that fully reflected the Snake River Basin steelhead PBT program for hatchery
fish allowed for generating explicit estimates of adult returns by major hatchery programs
beginning with the 1-salt returns in 2011 and 2-salt returns in 2012. In the genetic assignment
study, information on each individual presumptive natural-origin fish randomly sampled at
Lower Granite was used to evaluate the proportions of returns assigned to each stock group
that were above and below the B-run size criteria cutoff (78 cm; Ackerman et al. 2014).
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Table 20. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count times the
fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner counts is
shown. The geometric mean was computed as the product of counts raised to the power 1 over the number of
counts available (2 to 5). A minimum of 2 values were used to compute the geometric mean. Percent change
between the 2 most-recent 5-year periods is shown on the far right. Upper rows: long-term dataset from weir
and redd surveys. Middle rows (shaded): super-population groups from GSI-based run partitioning of the run-
at-large over Lower Granite Dam. Lower rows: PIT-tag-based population estimation method based on mixture
model and tag detection network across the DPS.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change

Asotin Creek Lower Snake River 249 (411) 331 (513) 611 (680) 438 (477) 841 (847) 400 (402) -52(-53)

Joseph Creek Grande Ronde River 1,728 (1,728) 1,394 (1,394) 2,533 (2,533) 1,926 (1,926) 2,380 (2,439) 1,936 (1,996) -19 (-18)

Grande Ronde River Grande Ronde River 1,029 (1,307) 1,443 (1805) 1,165 (1284) 1,453 (1,459) 2,572 (2,604) 1,639 (1,655) -36(-36)
Upper Mainstem

Clearwater River Lower Clearwater River 1,351 (4,069) 763(2,298) 2,352 (7,084) 1,504 (4,531) 3,004 (9,048) 1,364 (4,110) -55(-55)
Mainstem

Lochsa and Selway Clearwater River 1,170 (1,206) 660 (681) 2,037 (2,100) 1,410 (1,453) 2,109 (2,175) 1,796 (1,852) -15(-15)
Rivers

South Fork Clearwater  Clearwater River 1,082 (3,898) 611 (2,202) 1,885 (6,788) 1,314 (4,732) 2,421(8,719) 1,011 (3,640) -58(-58)
River and Lolo Creek

Little Salmon/Rapid Salmon River 599 (4,251)  338(2,400) 1,044 (7,403) 683 (4,847) 1,403 (9,947) 400 (2,840) -71(-71)
River

South Fork Salmon and  Salmon River 648 (668) 366 (377) 1,129 (1,164) 757 (780) 1,397 (1,440) 604 (623) -57(-57)
Secesh Rivers

Lower and Middle Fork  Salmon River 1,334 (1,375) 753 (777) 2,323 (2,395) 1,578 (1,627) 3,014(3,107) 1,246 (1,284) -59(-59)
Salmon River

Upper Salmon River Salmon River 2,393 (4,805) 1,351 (2,713) 4,165 (8,364) 2,625 (5,272) 5,814 (11,674) 2,112 (4,240) -64 (-64)
and Panther Creek to
headwaters

Tucannon River Lower Snake River — — — — 679 (985) 460 (695) -32(-29)

Asotin Creek Lower Snake River — — — — 1,224 (1,234) 558 (561) -54(-55)

Clearwater River Lower Clearwater River — — — — 805 (2,426) 428(1,289) -47 (-47)
Mainstem

Lolo Creek Clearwater River — — — — 402 (1,268)  253(799) -37(-37)

South Fork Clearwater  Clearwater River — — — — 800 (3,100) 388(1,502) -52(-52)
River

Grande Ronde River Grande Ronde River — — — — 1,213 (1,220) 832(838) -31(-31)
Upper Mainstem

Joseph Creek Grande Ronde River — — — — 1,866 (1,924) 1,063 (1,096) -43(-43)

Wallowa River Grande Ronde River — — — — — 605 (623) —

Imnaha River Imnaha River — — — — 2,516 (2,594) 1,181 (1,217) -53(-53)

Little Salmon/Rapid Salmon River — — — — 49 (57) 18 (21) -63(-63)
River

South Fork Salmon River Salmon River — — — — 1,142 (1,177) 449 (463) -61(-61)

Big/Camas/Loon Creeks Salmon River — — — — 4,219 (4,350) 1,807 (1,863) -57(-57)

Lembhi River (SU) Salmon River — — — — 379 (577) 177 (270)  -53 (-53)

Pahsimeroi River Salmon River — — — — 183 (481) 41(107) -78(-78)

Secesh River Salmon River — — — — 158 (163) 80 (82) -49 (-50)

Upper Salmon River Salmon River — — — — 327 (828) 105 (266) -68 (-68)
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Table 21. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed wild spawner log abundance estimate. Only populations with at least
4 wild spawner estimates from 1980 to 2014 are shown and with at least 2 data points in the
first 5years and last 5 years of the 15-year period.

MPG
Lower Snake River

1990-2005
0.06 (0.04, 0.08)

0.03 (0.01, 0.05)
0.03 (0.01, 0.05)

2004-19
0.00 (-0.05, 0.06)

Population
Asotin Creek

Joseph Creek Grande Ronde River -0.01 (-0.06, 0.05)

Grande Ronde River Upper Grande Ronde River -0.02 (-0.07, 0.04)

Mainstem

Table 22. Five-year mean of fraction natural (sum of all estimates divided by the number of estimates).
Blanks mean no estimate available in that 5-year range. Upper rows: long-term dataset from
weir and redd surveys. Middle rows (shaded): super-population groups from GSI-based run
partitioning of the run-at-large over Lower Granite Dam. Lower rows: PIT-tag-based population
estimation method based on mixture model and tag detection network across the DPS.

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19

Asotin Creek Lower Snake River 0.65 0.90 0.92 0.99 1.00

Joseph Creek Grande Ronde River 1.00 1.00 1.00 0.98 0.97

Grande Ronde River Grande Ronde River
Upper Mainstem 0.80 0.91 1.00 0.99 0.99

Clearwater River Lower Clearwater River 033 0.33 0.33 033 0.33
Mainstem

Lochsa and Selway Clearwater River 097 097 097 097 097
Rivers

Sout.h Fork Clearwater  Clearwater River 028 028 028 028 028
River and Lolo Creek

thtl.e Salmon/Rapid Salmon River 0.14 0.14 0.14 0.14 0.14
River

South Fork _Salmon and Salmon River 0.80 091 1.00 0.99 0.99
Secesh Rivers

Lower and Mlddle Fork Salmon River 0.97 0.97 0.97 0.97 0.97
Salmon River

Upper Salmon River Salmon River
and Panther Creek to 0.50 0.50 0.50 0.50 0.50
headwaters

Tucannon River Lower Snake River - - - 0.69 0.68

Asotin Creek Lower Snake River — — — 0.99 1.00

Clearvyater River Lower Clearwater River . o _ 033 0.33
Mainstem

Lolo Creek Clearwater River — — — 0.32 0.32

Sout_h Fork Clearwater  Clearwater River . . o 0.26 0.26
River

Grande Rond.e River Grande Ronde River o o _ 1.00 0.99
Upper Mainstem

Joseph Creek Grande Ronde River — — — 0.97 0.97

Wallowa River Grande Ronde River — — — 0.97 0.97

Imnaha River Imnaha River — — — 0.97 0.97

Littl.e Salmon/Rapid Salmon River _ o _ 0.86 0.86
River

South Fork Salmon River Salmon River — — — 0.97 0.97

Big/Camas/Loon Creeks Salmon River — — — 0.97 0.97

Lembhi River (SU) Salmon River — — — 0.66 0.66

Pahsimeroi River Salmon River — — — 0.38 0.38

Secesh River Salmon River — — — 0.97 0.97

Upper Salmon River Salmon River — — — 0.40 0.40
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Figure 40. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢ - 4). Spawning
years on x-axis. Figure continues on next page. This page, top: Long-term dataset from weir and
redd surveys. Bottom: Super-population groups from GSI-based run partitioning of the run-at-
large over Lower Granite Dam. Lower panel, PIT tag based population estimation method based
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Figure 40 (continued). Trends in population productivity, estimated as the log of the smoothed
natural spawning abundance in year t minus the smoothed natural spawning abundance in
year (t-4). This page: PIT-tag-based population estimation method based on mixture model
and tag detection network across the DPS.
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Figure 41. Estimated returns of natural-origin steelhead at Lower Granite Dam by spawning year,
1985-2019. Broken out by Clearwater River (this page) and Salmon River (next page) stocks.
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Figure 41 (continued). Estimated returns of natural-origin steelhead at Lower Granite Dam by
spawning year, 1985-2019.
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Figure 42. Snake River Basin natural-origin steelhead aggregate stock productivity (In R/S). This
page: Stocks from the Clearwater River MPG. Next page: Stocks from the Salmon River MPG. Run
reconstruction for stocks is based on recruits and spawners at Lower Granite Dam. Stocks were
identified by a recent PBT effort (2009-19), and extended back to 1985 based on consistent age
and stock proportion composition of the run at large. Figures from Lawry et al. 2020.
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Figure 42 (continued). Snake River Basin natural-origin steelhead aggregate stock productivity (In R/S).
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Figure 43. Smolt to Adult Return, Recruits per Spawner, and Freshwater Productivity Index (FWPI)
for each of the populations in the ESU. Geometric means of SAR and R/S are shown for each
population, along with the standard error of the estimate (whiskers represent +/- one standard
error). The time period included in the SAR or R/S indices is the past 20 years, depending on
data availability. The FWPI is constructed as a ratio of the geomean R/S and SAR, and can be

thought of as a measure of smolts per spawner.
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Figure 44. Smoothed trend in the estimated fraction of the natural spawning population consisting
of fish of natural origin. Points show the annual raw estimates. Figure continues on next page.
This page, top: Long-term dataset from weir and redd surveys. Bottom: Super-population
groups from GSI-based run partitioning of the run-at-large over Lower Granite Dam.

SARs are generated by the Columbia River Data Access in Real Time (CBR and UW 2020)
project using PIT-tag detections from all release locations within each population basin

(CBR and UW 2020). The SAR indices represent cumulative marine, nearshore, and estuary
survival. Figure 43 shows the geometric mean of R/S and SAR indices for the stocks available
across four MPGs in the DPS. In general, these broad-brush descriptors of population
processes indicate relatively robust long-term behavior of the populations. Using the R/S
and SAR indicators by population, it is possible to generate an indicator of freshwater
productivity (FWPI) as a ratio of R/S and SAR. This quantity can be thought of as an indicator
of smolts per spawner, and thus, the overall population productivity in the freshwater
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Figure 44 (continued). Smoothed trend in the estimated fraction of the natural spawning population
consisting of fish of natural origin. This page: PIT-tag-based population estimation method
based on mixture model and tag detection network across the DPS.

environment. An FWPI score of >100 should indicate baseline freshwater productivity
(roughly 100 smolts per female). Clearwater River and Lower Snake River populations

are performing at below-replacement levels of SAR (< 2%). The initial assessment by

ICTRT (2007) identified no-to-low A/P gaps for this DPS. In general, the ICTRT assessment
agrees with the long-term productivity metrics (SAR, R/S, FWPI), with the exception of some
lower ocean survivals indicated for the Clearwater River and Lower Snake River populations.

Non-treaty harvest

Fisheries managers classify Columbia River summer-run steelhead into two aggregate
groups, A-run and B-run, based on ocean age at return, adult size at return, and migration
timing. A-run steelhead predominately spend one year at sea, return to freshwater

before the end of August, and are generally associated with low-to-mid-elevation streams
throughout the interior Columbia River basin. B-run steelhead are larger, with most
individuals returning after two years in the ocean and entering freshwater after August.
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Both the age (size) and run-timing criteria are not absolute, with the A and B designations
being the modes of two clearly overlapping distributions (Copeland et al. 2017). The A-run
is believed to occur throughout the middle and upper Columbia River and the Snake

River basins. The B-run is believed to occur naturally only in the Snake River Basin DPS,
contributing, in varying proportions, to the Clearwater River, Middle Fork Salmon River,
and South Fork Salmon River populations. The late return timing is most prevalent in the
following populations: Lolo Creek, Lochsa and Selway Rivers, South Fork Clearwater River,
South Fork Salmon and Secesh Rivers, and Lower and Middle Fork Salmon River. The size
criteria (FL > 78 cm) also distinguishes the majority of returns to these populations, though
to a lesser degree in the two Middle Fork populations (Bowersox et al. 2019).

Steelhead were historically taken in tribal and non-treaty gillnet fisheries, and in recreational
fisheries in the mainstem Columbia River and its tributaries. In the 1970s, retention of
steelhead in non-treaty commercial fisheries was prohibited, and in the mid-1980s, tributary
recreational fisheries adopted mark-selective regulations. Steelhead are still harvested in
tribal fisheries, in mainstem recreational fisheries, and there is incidental mortality associated
with mark-selective recreational fisheries. Incidental take on A-run and B-run Snake River
Basin steelhead is less than the allowed 2%, with the W/SP/SU management block generally
less than 1% and the FA management block exhibiting roughly a 1.5% rate (TAC 2020).

Spatial structure and diversity

The ICTRT viability criteria adopted in the draft Snake River management unit recovery
plans include explicit criteria and metrics for both spatial structure and diversity. With
one exception, spatial structure risk ratings for all of the Snake River Basin steelhead
populations were “low” or “very low risk” given the evidence for distribution of natural
production within populations. The exception was Panther Creek, which was given a “high
risk” rating for spatial structure based on the lack of spawning in the upper sections. No
new information was provided that would change those ratings.

ICTRT criteria for evaluating spatial structure within populations are based on observing
evidence of spawning usage across defined spawning areas within populations, with an
emphasis on historically relatively large contiguous reaches (major spawning areas).
Evaluating the occupancy of steelhead major spawning areas in the Snake River basin is
problematic given the fact that systematic redd surveys are not routinely conducted due
to adverse environmental conditions affecting accurate counts. IDFG has recently updated
estimates of occupancy for many steelhead populations using juvenile survey data (Copeland
et al. 2015b). Conducting 11,848 stream surveys in the Clearwater River and Salmon

River MPGs (1997-2019), IDFG detected juvenile (age-1 parr) steelhead in 6,487 surveys
representing 97 of the 112 spawning areas (major and minor) accessible by spawning
adults. Based on this information, spatial structure ratings for Snake River Basin steelhead
populations were maintained at the levels assigned in the original ICTRT assessment.
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Biological viability relative to recovery goals

The ICTRT identified 24 extant populations within this DPS, organized into five major
population groups (ICTRT 2003). They also identified a number of potential historical
populations associated with tributary habitat above the Hells Canyon Dam complex on

the mainstem Snake River, a barrier to anadromous migration. The five MPGs with extant
populations are Lower Snake River (two populations), Clearwater River (five extant
populations, one extirpated), Grande Ronde River (four populations), Imnaha River

(one population), and Salmon River (12 populations). In addition, the ICTRT concluded

that small tributaries entering the mainstem Snake River below Hells Canyon Dam may
have historically been part of a larger population with a core area currently cut off from
anadromous access. That population would have been part of one of the historical upstream
MPGs. A DPS-wide recovery plan was completed in 2017, containing management unit plans
for the Oregon and Idaho drainages, each covering the respective MPGs contained within
those states. Viability criteria recommended by the ICTRT were adopted, formulating
recovery objectives within each of the management unit planning efforts (NMFS 2017c).

The recovery criteria are hierarchical in nature, with DPS-level criteria being based on

the viability of natural-origin steelhead assessed at the population level. Under the ICTRT
approach, population-level assessments are based on a set of metrics designed to evaluate
risk across the four viable salmonid population elements—abundance, productivity, spatial
structure, and diversity (McElhany et al. 2000). The ICTRT approach calls for comparing
estimates of current natural-origin abundance (measured as a ten-year geometric mean

of natural-origin spawners) and productivity (estimate of return per spawner at low-to-
moderate parent spawning abundance) against pre-defined viability curves. In addition, the
ICTRT developed a set of specific criteria (metrics and example risk thresholds) for assessing
the SS/D risks based on current information representing each specific population.

Snake River Basin steelhead DPS: NOAA recovery plan scenario

The recovery plan recommends that each extant MPG should include viable populations totaling
at least half of the populations historically present, with all major life-history groups represented
(ICTRT 2007). The remaining populations also must achieve at least “maintained” status. In
addition, the viable populations within an MPG should include proportional representation of
large and very large populations historically present. Within any particular MPG, there may be
several specific combinations of populations that could satisfy the ICTRT criteria.
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Lower Snake River MPG

Both populations (Tucannon River and Asotin Creek) in this MPG are targeted for
“maintained” status, as an aggregate stock, with Asotin Creek meeting the criteria for
“viable,” based on the population-specific abundance and productivity data.

Population-level abundance datasets are not available for the entirety of either of the two
populations in this MPG; however, a data series for a large subarea within the Asotin Creek
population is available (Table 20). Based on recent-year PIT-tag detections and the Lower
Granite Dam genetic stock composition monitoring, Asotin Creek is receiving substantial
inputs of adult returns from the Tucannon River and potentially other areas (both natural-
and hatchery-origin) in the lower Snake River region. The actual proportional contribution
of hatchery spawners to total spawning is not known. Population-level spawner escapement
estimates are not available for the Tucannon River population, but indications are that numbers
of spawning steelhead in the system are low (Bumgarner and Dedloff2015). One contributing
factor is an apparent high overshoot rate of returning adults past their natal stream.

The ICTRT rated both populations at “moderate risk” for the integrated spatial structure and
diversity criteria. This rating was driven by two of the diversity factors: phenotypic patterns
and hatchery influence (spawner composition). The risk rating for phenotypic traits
reflected uncertainty as to whether traits of the current populations are consistent with the
historical patterns or with unaltered reference populations in a similar habitat and geologic/
hydrologic setting. No additional or updated information is available for this review.

Clearwater River MPG

This MPG includes five extant and one extirpated (North Fork Clearwater River)
populations. The recovery scenario for this MPG calls for recovery of the Lower Clearwater
River (large size), along with the Lochsa and Selway Rivers.

The GSI-based run reconstructions allow a partitioning of the MPG into three stocks:
Clearwater River Lower Mainstem, South Fork Clearwater River, and the aggregate returns
to the watersheds of the Upper and Middle Fork Clearwater River (including Lolo Creek

and the Lochsa and Selway Rivers). The assignment of these stocks is reasonably strong,
but the TRT populations do not map precisely to monophyletic clades (e.g., Lolo Creek falls
within the South Fork Clearwater River clade, as does one tributary of Clearwater River
Lower Mainstem). Nonetheless, the overall topology allows a robust A/P assessment based
on the resultant run reconstruction. The Clearwater River Lower Mainstem and South Fork
Clearwater River aggregate stocks are stable from the last viability review at a “very low risk”
designation, both due to high long-term abundance and productivity. The SS/D evaluations
remain unchanged from the last viability review (“low” and “moderate,” respectively),
resulting in “highly viable” and “viable” designations for these stocks. The aggregate Upper
and Middle Fork Clearwater River stock, functionally consisting of the Lolo Creek and Lochsa
and Selway River populations rates as “moderate risk” for abundance and productivity, with a
relatively robust and stable abundance though declining productivity. Based on the previous
spatial structure and diversity ratings, the overall risk for the aggregate stock is “maintained.”
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Based on the updated risk assessments, the Clearwater River MPG does meet the ICTRT
criteria for a viable MPG. Although the population-specific PIT-tag-based population
trajectories have yet to be run for a sufficiently long period, they will have been by the next
viability review, and will be necessary to confirm the MPG status—especially considering
the recent sharp downturns of the populations across the DPS.

Grande Ronde River MPG

Improvements in natural production are planned for all four populations in this MPG. Given
their current viability, it is expected that Joseph Creek and the Grande Ronde River Upper
Mainstem populations are the most likely to satisfy the MPG-level requirement for one
“highly viable” and one “viable” population. The average abundance levels have decreased
from the prior review period and the productivity remains high; though declining from
the past review period, A/P risk ratings still fall in the “low” to “very low” region of the
viability curves for their respective size categories (basic and large respectively). One of
the aggregate natural-origin stock groups identified based on genetic sampling at Lower
Granite Dam includes all four Grande Ronde River populations (Copeland et al. 2015a).
While the relatively high misclassification rates associated with this group precluded
developing reliable direct estimates of annual escapements for use in this review, the
results indicate that the estimated returns to Joseph Creek and the upper Grande Ronde
River would account for the majority of the aggregate Grande Ronde River run. The
Wallowa River and Lower Grande Ronde populations are given a “high” A/P risk rating,
reflecting the lack of population-specific data and the overall downward trends of
populations in the DPS. More specific data on annual returns would be needed to assign
updated specific abundance and productivity ratings to these two populations.

The combined spatial structure and diversity metric for all four populations in this

MPG remains unchanged from the last review. The Grande Ronde River steelhead MPG

is rated as “maintained” status. Both the Joseph Creek and Grande Ronde River Upper
Mainstem populations meet the criteria for “viable,” and the remaining two populations are
provisionally rated as “high risk” based on the limited abundance and productivity data.

Imnaha River MPG

The Imnaha River population will need to meet “highly viable” status for this one-
population MPG to be rated as “viable” under the basic ICTRT criteria.

The Imnaha River steelhead population was rated as “maintained” in the prior review, based
on “moderate” A/P and SS/D ratings. The Imnaha River constitutes one of the stock groups
identified in the Lower Granite Dam GSI program, allowing an extrapolated time series

for this population to be generated based on the aggregate Lower Granite Dam returns.
The projected population data indicate that the Imnaha River population is performing

at a “very low” risk level over the recent past. Information from the PBT hatchery study
indicates that the number of hatchery returns from Imnaha River releases that remain
available to spawn after harvest and weir removals may be substantial. While it is likely
that those returns are concentrated in one section of the population (Big Sheep Creek), the
relative distribution of hatchery and natural spawners is uncertain. Estimates of hatchery
proportions in the upper end of the mainstem Imnaha River are relatively low (Harbeck et
al. 2015), but there is uncertainty about proportions in the lower mainstem Imnaha River.
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Based on the information currently available, the Imnaha River steelhead population is not
meeting the “highly viable” rating for a single-population MPG called for in the draft Snake
River recovery plan. Achieving a “highly viable” rating would require achieving a “very
low” risk rating for abundance and productivity, and a “low” overall risk rating for spatial
structure and diversity. Additional information on the relative distribution of hatchery
spawners could change the current diversity risk rating.

Salmon River MPG

This relatively large MPG includes 12 extant populations. The recovery plan identifies six
populations to prioritize for “viable” status across this MPG. The recovery scenario is
consistent with the ICTRT recommendations and includes two middle fork populations, the
South Fork Salmon River, Chamberlain Creek, Panther Creek, and the North Fork Salmon
River populations. The proposed scenario for this MPG includes consideration for historical
population size, inclusion of populations exhibiting a range of run timing, and achieving a
distribution of viable populations across the geographical extent of the MPG—specifically,
that beyond the priority populations, all remaining populations would be maintained
(<25% risk) with sufficient abundance, productivity, spatial structure, and diversity to
provide for ecological functions and to preserve options for species recovery.

Estimates of natural-origin abundance based on GSI and run reconstruction from the
aggregate Lower Granite Dam returns are available for four population subgroups within this
MPG: Lower Salmon River (one population), the South Fork stock group (two populations),
the Middle Fork stock group (three populations), and the Upper Salmon River stock group
(six populations). These groupings and the resultant run reconstructions provide robust
information to make viability assessment assignments, but including the population-specific
PIT-tag-based population trajectories, when they have been run for a sufficiently long
period, will be critical to confirm any population, MPG, and DPS risk designations.

In prior reviews, the three Middle Fork Salmon River and the two South Fork Salmon River

populations were each assigned “moderate” A/P risk ratings based on the aggregate abundance
time series. Based on the updated genetic stock composition run reconstruction returns and
productivity, these two stock groups should remain at a “moderate” demographic risk category.

The Little Salmon River population is identified as a distinct single-population group
within the current GSI mixture analyses. The recent ten-year geometric mean natural-
origin returns at Lower Granite Dam allocated to this stock group, and the productivity
based on the run reconstruction, indicate that this population is at “very low” demographic
risk. However, the potential for hatchery spawner contributions into natural areas is high,
therefore, the resultant productivity for this population based on adult recruit to total
spawner estimates should be further evaluated.

The remaining populations within the Salmon River MPG fall within a single aggregate
stock group in the GSI analysis (North Fork Salmon River, Pahsimeroi River, Lemhi River,
East Fork Salmon River, and Upper Salmon River). While the population delineation within
the group does not align precisely with the TRT designations, the MPG is monophyletic and
distinct from other Salmon River stock groups. More recent information on Panther Creek
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shows that this population also clusters with the upper Salmon River populations (Vu et

al. 2015). The aggregate A/P risk is “moderate” for this stock group, based on low long-term
abundance but relatively high productivity. Preliminary run reconstructions based on PBT
estimates of hatchery returns at Lower Granite Dam, adjusted for subsequent fishery and
hatchery weir removals, indicate that substantial numbers of hatchery-origin adults escape
and are available to spawn in natural areas. The distribution of these potential spawners
relative to natural-origin adults is not well understood.

Updated biological risk summary

Based on the updated viability information available for this review, all five MPGs are

not meeting the specific objectives in the draft recovery plan, and the viability of many
individual populations remains uncertain (Table 23). The Clearwater River and Grande
Ronde River MPGs are rated as “maintained,” but more specific data on spawning
abundance and the relative contribution of hatchery spawners for the Lower Grande Ronde
and Wallowa River populations would improve future assessments, as would population-
specific demographics in the upper Clearwater River stock group. The additional
monitoring programs instituted in the early 2000s to gain better information on natural-
origin abundance and related factors have significantly improved our ability to assess
viability at a more detailed level. The new information has resulted in an updated view

of the relative abundance of natural-origin spawners and life-history diversity across the
populations in the DPS. However, a great deal of uncertainty still remains regarding the
relative proportion of hatchery fish in natural spawning areas near major hatchery release
sites within individual populations. Overall, the information analyzed for this viability
review indicates that the Snake River Basin steelhead DPS remains at “moderate” risk of
extinction, with viability largely unchanged from the prior review.

Of particular note, the updated, population-level abundance estimates have made very
clear the recent (last five years) sharp declines that are extremely worrisome, were they
to continue. The viability metrics used in these analyses (standardized PNW-wide and
ICTRT) are intentionally based on long time periods (10-20-year geometric means), to
buffer against the rapid swings in abundance that salmon and steelhead populations are
known to exhibit. While these filtering approaches intentionally result in muted responses
to rapid abundance change, they also can lag in raising concerns about dramatic change in
population status. Rapid response metrics, or metrics that are more keyed to system-wide
synchronous behavior of population productivity, may be appropriate in these situations.
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Table 23. Summary of viability relative to the ICTRT viability criteria, grouped by MPG. Natural spawning = most-
recent 10-yr geometric mean (range). ICTRT productivity = 20-yr geometric mean for parent escapements
below 75% of population threshold. Current A/P estimates are geometric means. Range in annual abundance,
standard error, and number of qualifying estimates for productivities in parentheses. Populations with no
abundance and productivity data are given a default “high” A/P risk rating.

Abundance/productivity

(A/P) metrics

Spatial structure/diversity

(SS/D) metrics

ICTRT Natural ICTRT Integrated Natural Diversity Integrated Overall
Population threshold spawning productivity A/Prisk processes risk SS/Drisk risk rating
Tucannon River 1,000 n/a n/a High Low Moderate Moderate High
Lower Snake River (Tucannon 1,500 750 2.52 Moderate Low Moderate Moderate Maintained
River and Asotin Creek) (SD751) (0.21,12/20)
Asotin Creek 500 574 1.63 Low Low Moderate Moderate Viable
(SD389) (0.41,3/20)
Lower Grande Ronde River 1,000 n/a n/a High Low Moderate Moderate High
Joseph Creek 500 2,327 1.21 Low Very Low Low Low Viable
(SD1,291) (0.14,0/20)
Grande Ronde River Upper 1,500 2,192 2.01 Very Low Very Low Moderate Moderate Viable
Mainstem (SD 1,227) (0.35,6/20)
Wallowa River 1,000 n/a n/a High Very Low Low Low High
Imnaha River 1,000 1,811 2.36 Very Low Very Low Moderate Moderate Viable
(SD1,151)  (0.21,9/20)
Clearwater River Lower 1,500 2,026 2.32 Very Low Very Low Low Low Highly Viable
Mainstem (SD1,382) (0.18,9/20)
South Fork Clearwater River 1,000 1,564 2.80 Very Low Low Moderate Moderate Viable
(SD1,275) (0.23,8/20)
Lolo Creek 500 1,946 1.82 Moderate Low Moderate Moderate Maintained
Selway River 1,000 (SD1,426) (0.19,15/20) Moderate Very Low Low Low Maintained
Lochsa River 1,000 Moderate Very Low Low Low Maintained
Little Salmon River 500 750 2.53 Very Low Low Moderate Moderate Viable
(SD751) (0.21,12/20)
South Fork Salmon River 1,000 919 1.85 Moderate Very Low Low Low Maintained
Secesh River 500 (SD816) (0.19,15/20) Moderate Low Low Low Maintained
Chamberlain Creek 500 1,937 2.47 Moderate Low Low Low Maintained
Lower Middle Fork Salmon 1,000 (SD 1,566) (0.15,10/20) Moderate Very Low Low Low Maintained
River
Upper Middle Fork Salmon 1,000 Moderate Very Low Low Low Maintained
River
Panther Creek 500 3,502 1.88 Moderate High Moderate High High
North Fork Salmon River 500 (SD2,562) (017,16/20) Moderate Low Moderate Moderate Maintained
Lembhi River 1,000 Moderate Low Moderate Moderate Maintained
Pahsimeroi River 1,000 Moderate Moderate Moderate Moderate Maintained
East Fork Salmon River 1,000 Moderate Very Low Moderate Moderate Maintained
Salmon River Upper Mainstem 1,000 Moderate Very Low Moderate Moderate Maintained
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Middle Columbia River Steelhead DPS

Brief description of DPS

The Middle Columbia River steelhead DPS includes all naturally spawning populations of
steelhead (0. mykiss) spawning in tributaries upstream and exclusive of the Wind River
(Washington) and the Hood River (Oregon), excluding the upper Columbia River tributaries
(upstream of Priest Rapids Dam) and the Snake River (USOFR 2020; Figure 45). NMFS
listed the Middle Columbia River steelhead DPS as threatened in 1999, with that listing
designation being affirmed in 2006, 2012, and 2016.
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Figure 45. Map of the Middle Columbia River steelhead DPS’s spawning and rearing areas,
illustrating populations and major population groups.
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NMFS has defined DPSes of steelhead to include only the anadromous members of this
species (USOFR 2005b). Our approach to assessing the current viability of a steelhead DPS
is based on evaluating information on the abundance, productivity, spatial structure, and
diversity of the anadromous component of this species (Good et al. 2005, USOFR 2005b).
Many steelhead populations along the U.S. West Coast co-occur with conspecific
populations of resident rainbow trout. We recognize that there may be situations where
reproductive contributions from resident rainbow trout may mitigate short-term extinction
risk for some steelhead DPSes (Good et al. 2005, USOFR 2005b). We assume that any
benefits to an anadromous population resulting from the presence of a conspecific resident
form will be reflected in direct measures of the current viability of the anadromous form.

Summary of previous viability conclusions

2005

Results of a BRT review of the viability of the Middle Columbia River steelhead DPS were
summarized in Good et al. (2005). A slight majority (51%) of the cumulative scores across
the BRT were for assigning this DPS to the “threatened but not endangered” category. The
remaining votes (49%) were for the “not likely to become endangered” designation. The
BRT noted that this particular DPS was difficult to evaluate. Reasons cited included: the
wide range in relative abundance for individual populations across the DPS (e.g., spawning
abundance in the John Day and Deschutes River basins had been relatively high, while
returns to much of the Yakima River drainage had remained relatively low); chronically
high levels of hatchery strays into the Deschutes River, and a lack of consistent information
on annual spawning escapements in some tributaries (e.g., Klickitat River). In addition,
resident steelhead are believed to be very common throughout this DPS. The BRT assumed
that the presence of resident steelhead below anadromous barriers mitigated extinction
risk to the DPS to some extent, but a slight majority of BRT members concluded that
significant threats to the anadromous component remained.

2010

Ford et al. (2011) concluded that there had been improvements in the viability ratings for
some of the component populations, but the Middle Columbia River steelhead DPS was
not currently meeting the viability criteria in the recovery plan. In addition, several of the
factors cited by the 2005 BRT (Good et al. 2005) remained as concerns or key uncertainties.
Natural-origin spawning estimates were highly variable relative to minimum abundance
thresholds across the populations in the DPS. Updated information indicated that stray
levels into at least the lower John Day River population were also high. Returns to the
Yakima River basin and to the Umatilla and Walla Walla Rivers had been higher over the
most recent brood cycle, while natural-origin returns to the John Day River had decreased.
Out-of-basin hatchery stray proportions, although reduced, remained very high in the
Deschutes River basin. Overall, the new information considered in 2010 did not indicate a
change in the biological risk category since the time of the last BRT status review in 2005.
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2015

For the 2015 review, there were improvements in the viability ratings for some of the
component populations, but the Middle Columbia River steelhead DPS was not meeting the
viability criteria described in the recovery plan (NWFSC 2015). In addition, several of the
factors cited by the 2010 BRT remained as concerns or key uncertainties. Natural-origin
returns to the majority of populations in two of the four MPGs in this DPS had increased
modestly relative to the levels reported in the previous five-year review. Abundance estimates
for two of three populations with sufficient data in the remaining two MPGs (Cascades Eastern
Slope Tributaries and Umatilla/Walla Walla) were marginally lower. Natural-origin spawning
estimates were highly variable relative to minimum abundance thresholds across the
populations in the DPS. Three of the four MPGs in this DPS included at least one population
rated at “low risk” for abundance and productivity. In general, the majority of population-level
viability ratings remained unchanged from prior reviews for each MPG within the DPS.

Description of new data available for this review

Updated abundance and hatchery contribution estimates have been provided by regional
fisheries managers for each of the 17 long-term data series considered in prior status reviews.
In addition, data are now available for the habitat in the White Salmon River recently made
accessible by the removal of Condit Dam. Spawning surveys conducted by the Yakima/
Klickitat Fisheries Project (YKFP) for return years 2012-19 show low numbers, but consistent
use of the watershed by spawning steelhead (Zendt2020). The consistent occupancy of
previously extirpated populations (e.g., White Salmon River) and the documentation of use in
other; previously marginalized populations (e.g., Rock Creek) warrant further evaluation with
respect to these populations’ potential role in the DPS recovery strategy.

Abundance estimates for the Yakima MPG populations continue to be based on steelhead
counts at Prosser Dam, on the mainstem Yakima River—below all four of the populations
in this MPG. Population-specific abundance estimates are based on a run reconstruction
allocation method that incorporates average distributions observed in a three-year radio-
tagging study (Frederiksen et al. 2014) in the early 1990s, along with Roza Dam counts and
redd counts in Satus and Toppenish Creeks. Population-specific estimates of the 2012-14
broodyear escapements were generated from a three-year radio-tagging study. In addition,
two other methods were applied over the duration of that study, a GSI approach and a PIT-
tag-based tracking program. Preliminary results suggest that the PIT-tag-based approach,
which involves proportional tagging at Prosser Dam combined with strategically placed
upstream arrays, would be a viable long-term strategy, as has been demonstrated in the
Upper Columbia River and Snake River Basin steelhead DPSes. The continued expansion
of the network of PIT-tag detection sites within the Yakima River basin is the necessary
infrastructure for a robust adult, and potentially juvenile, monitoring program to address
many key questions of abundance and productivity, as well as spatial structure and diversity.

WDFW regional biologists have updated the methodology used to generate steelhead
spawner abundance estimates for the Touchet River. The updated estimates are based on
annual redd counts in the mainstem above the town of Dayton, Washington, and include
an adjustment to include spawners in two tributaries entering below that reach (Coppei
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and Waits Creeks). Age composition and hatchery/natural proportions for spawning in
the reach above Dayton are based on sampling at a mainstem weir at Dayton. Hatchery
spawner proportions are adjusted to account for differential removals of hatchery fish at
the weir and for the endemic broodstock program (natural returns).

Resident contributions to anadromous production

Many steelhead populations along the U.S. West Coast co-occur with conspecific populations
of resident rainbow trout. Previous NWFSC status reviews (e.g., Ford et al. 2011, NWFSC 2015)
have recognized that there may be situations where reproductive contributions from
resident rainbow trout could mitigate short-term extinction risk for some steelhead DPS
populations (Good et al. 2005, USOFR 2005b). In general, we assume that any benefits to

an anadromous population resulting from the presence of a conspecific resident form

will be reflected in direct measures of the current viability of the anadromous form.
Potential contribution rates of co-occurring resident production to anadromous returns
vary considerably among populations as a function of habitat and survival patterns
(Satterthwaite et al. 2010). In the Middle Columbia River steelhead DPS, a study in the
Deschutes River basin found no evidence of a significant contribution from the very
abundant resident form to anadromous returns (Zimmerman and Reeves 2000). A recent
study of natural-origin steelhead kelts in the Yakima River basin, comparing isotope patterns
in otoliths with water chemistry sampling, found evidence for variable maternal resident
contribution rates to andromous returns, with a high degree of variation among natal areas
and across years (Courter et al. 2013). Satus Creek had the lowest sampled proportions of
maternal resident patterns (<8% of samples in 2011 and 2012). The highest proportions were
for fish that were assigned to the lower Yakima River basin (38% and 17%). Toppenish Creek
and the Naches River were intermediate. The authors note that the ability to discriminate
among natal rearing areas in the study could be improved by expanding the number of
geochemical markers in the regional water sampling and otolith analyses. Despite the
documented contribution of resident 0. mykiss to the anadromous populations across the
Middle Columbia River steelhead DPS, there is no evidence that these contributions alone
could fully support sufficient productivity to make the populations viable.

Population, MPG, and DPS structure

The increasing use of PIT tags applied to representative samples from steelhead
populations (both natural production and hatchery releases) has identified relatively high
loss rates of returning adults from specific populations, either as mortalities or as strays
into non-natal basins. In 2013, 1,325 PIT-tagged fish produced in the John Day River basin
were detected passing above Bonneville Dam; 13% of those tagged fish directly migrated
into the John Day River based on detections at lower mainstem John Day River arrays. A
relatively high proportion (71%) of the adults detected at Bonneville Dam continued upriver
past the John Day Dam and were next detected at McNary Dam. After overwintering, 616 of
those fish dropped back and entered the John Day River. Accounting for both the direct and
delayed entries, approximately 57% of the returns detected at Bonneville Dam eventually
entered the natal basin. Recent rates of John Day River adult “overshoot” are similar: 44/68
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or 65% in 2018, 70 /113 or 62% in 2019, and 42/72 or 58% in 2020. High rates of overshooting
were also indicated for some other Middle Columbia River steelhead populations. A
proportion of the returning adults tagged as juveniles in the Yakima River basin initially
migrated upstream into the upper Columbia River, although a relatively high proportion did
eventually fall back to be detected entering the Yakima River (Richins and Skalski 2018).

Genetic analyses of juvenile O. mykiss sampled in the Rock Creek drainage indicate a
relatively high similarity to the Snake River Basin DPS, suggesting relatively high stray rates
from that region into Rock Creek (Matala 2012). Sampling adult spawners in Rock Creek,
including conducting PBT-based analysis of any hatchery fish, would clarify the current
stock viability. Matala (2012) also suggests that analysis of archival samples would provide
insights into whether historical genetic patterns for this and other Middle Columbia River
populations also reflect high exchange rates with the Snake River Basin DPS, or whether the
current patterns are a relatively recent change.

John Day River studies

ODFW sampling programs in the John Day River basin continue to provide information on
adult spawner abundance, juvenile productivity, and genetic structure (Banks et al. 2013,
2014b, Bare et al. 2015). Spawner abundance estimates generated or extrapolated from
spatially balanced sampling in the basin are included in the updated abundance and
productivity assessments described above.

Estimates of outmigrant smolt production based on smolt trapping are available for a
limited number of years for the Middle Fork and South Fork John Day River populations.
The patterns in production vs. parent redd counts are consistent with density-dependent
relationships, although more data pairs for each series will be necessary to derive specific
functional relationships.

Proportions of out-of-basin hatchery steelhead in John Day River natural spawning areas
have declined substantially in recent years, with the declines being negatively correlated
with the proportion of Snake River outmigrants that are barge transported (Banks et

al. 2013, Bare et al. 2015). As in prior years, hatchery-origin spawners were concentrated in
the lower John Day MPG tributaries.

Genetic sampling data from specific reaches in the John Day River basin showed some
differentiation, but did not directly correspond to the population structure inferred from
geographic separation and dispersal rate assumptions hypothesized by the ICTRT (2003).
In most cases, there was temporal correlation among samples taken from the same sites
over years, but differences among sites were not significant. Exceptions to this general
pattern included Indian, Belshaw, and Reynolds Creeks. Indian Creek is a reach above a
series of cascades and may be dominated by local resident rainbow trout production. There
is evidence of cutthroat/steelhead hybridization in Belshaw and Reynolds Creeks that could
be contributing to their relative genetic distinctiveness.
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Fifteenmile Creek life-history patterns

Fifteenmile Creek is one of two extant natural-origin populations at the western edge of

the Middle Columbia River steelhead DPS. Steelhead runs in the downstream neighboring
DPS (Lower Columbia River) are generally winter-run. ODFW had classified the Fifteenmile
Creek population as winter-run prior to recent PIT-tag studies. Returning natural-origin
steelhead PIT-tagged as juveniles in the mainstem Fifteenmile Creek watershed exhibit a
summer-timed return pattern, similar to other populations in the Middle Columbia River
steelhead DPS (Poxon et al. 2014). The Fifteenmile Creek population includes some smaller
tributaries downstream of the Fifteenmile Creek drainage. It is possible that a component of
natural production associated with those small streams is winter-run. ODFW has observed
that genetic analyses might resolve the potential existence of a winter-run component.

Smolt-to-adult return and recruit-per-spawner rates

Smolt-to-adult return survival estimates (SARs) and recruits per spawner (R/S) are
available through StreamNet’s Coordinated Assessment Partnership data portal®
(StreamNet 2020) and the Columbia River Data Access in Real Time (CBR and

Washington 2020) project using PIT-tag detections from all release locations within each
population basin (Columbia River DART et al. 2020). The metrics are based on mainstem
hydrosystem tag detections, most commonly Bonneville-to-Bonneville for Middle and
Upper Columbia River popualtions. The indices represent cumulative marine, nearshore,
and estuary survival (SAR, expressed as a percentage of the smolts returning as adults)
and whole life-cycle survival (R/S, expressed as a ratio of adults returning relative to their
parents as spawners). SAR and R/S metrics are available for Fifteenmile Creek, Umatilla
River, and the aggregate of the five John Day River populations. In general, these broad-
brush survival metrics indicate relatively robust population processes for the select stocks,
though the low R/S value for Umatilla River and the low SAR value for Fifteenmile Creek
could be indicative of ecological limitations to population productivity (e.g., an SAR of 2% is
accepted as the minimum rate for a population to be replacing itself).

Ocean condition indices

Juvenile steelhead are more pelagic than salmon, heading off the continental shelf soon
after entering the ocean in the spring (Burgner et al. 1992). Steelhead migrate seasonally
across the North Pacific Ocean, moving to the north and west in spring and to the south

and east, across the entire Pacific, from autumn through winter (Atcheson et al. 2012). Thus,
steelhead ocean survival may be impacted by different factors than salmon. In fact, recent
work has shown that steelhead population groupings from geographic regions have unique
smolt survival trends that appear to be driven by factors affecting them early in their ocean
residence, despite steelhead smolts generally a) being larger than Pacific salmon smolts
when they enter the ocean, and b) making wide-ranging, off-the-continental-shelf migrations,
rather than remaining more coastal, as Pacific salmon smolts tend to do (Kendal et al. 2017).

W https://www.streamnet.org/cap/
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Aggregate annual returns of Columbia River spring-run Chinook salmon are correlated with
a range of ocean condition indices, including measures of broad-scale physical conditions,
local biological indicators, and local physical factors (Peterson et al. 2014a). Work is ongoing
to relate indices of ocean condition to steelhead populations up and down the U.S. West
Coast. Steelhead marine survival seems to be related to ocean surface temperature in the
first summer of ocean entry, and populations respond similarly to spatial patterns of ocean
conditions at a rough grain of 250 km between ocean entry points (Kendal et al. 2017).
Therefore, broad spatial patterns of ocean conditions may not capture the finer spatial scale
of response that steelhead seem to exhibit.

Indicators of ocean condition are highly correlated with each other, and exhibit strong
temporal autocorrelation (Figure 129; Peterson et al. 2019). As a result, when indicators
point to conditions that result in poor ocean productivity for salmonid populations, they

do so as a suite of indicators, and for runs of “good” or “bad” years (see Habitat chapter).
Historically, ocean conditions cycled between periods of high and low productivity.
However, global climate change is likely to disrupt this pattern, in general, leading to a
preponderance of low productivity years, with an unknown temporal distribution (Crozier
et al.2019a). Recent (2015-19) ensemble ocean indicators rankings include four of the worst
seven years in the past 20, meaning that an entire salmon or steelhead generation could
have been subjected to poor ocean productivity conditions.

Abundance and productivity

Evaluations were done using both a set of metrics corresponding to those used in prior
viability reviews as well as a set corresponding to the specific viability criteria based on
ICTRT recommendations for this ESU. The viability review level metrics were consistently
done across all ESUs and DPSes to facilitate comparisons across domains. Assessments
using the ICTRT metrics are described in the recovery evaluation section below.

Abundance data series are available for all five extant populations in the Cascades Eastern
Slope Tributaries MPG. Spawner abundance estimates for the most recent five years
decreased relative to the prior review for all five populations (Table 24). The 15-year trend in
natural-origin spawners was strongly negative for the Deschutes River Eastside population,
and essentially zero for the Fifteenmile Creek and Deschutes River Westside runs (Table 25).
Preliminary estimates of escapements into Rock Creek were recently developed, and a high
proportion of the observed steelhead in that system were out-of-basin strays (Harvey 2014).

Total escapement and natural-origin escapements declined relative to the prior five-
year review for all five of the John Day MPG populations (Table 24). Only two of the

five populations in this group had a positive 15-year trend in natural-origin abundance
(Table 25), driven largely by peak returns in the early 2000s, despite the strong declines
over the most recent five-year period (Figure 46).

Five-year geometric mean natural-origin and total abundance estimates for each of the
four populations in the Yakima MPG also decreased sharply relative to the prior review
(Table 24). All four populations in this group have exhibited increases since the early 1990s,
with similar peak return years as other DPS populations, but, given recent declines, the 15-
year trend for all populations was essentially zero (Figure 46, Table 24).
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Table 24. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count times the
fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner counts is
shown. A value only in parentheses means that a total spawner count was available but no or only one estimate
of natural spawners available. The geometric mean was computed as the product of counts raised to the power
1over the number of counts available (2 to 5). A minimum of 2 values were used to compute the geometric
mean. Percent change between the 2 most-recent 5-year periods is shown on the far right.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change
Klickitat River Cascades Eastern — — — 1,622 (1,622) 1,358(1,358) 1,573 (1,573) 16 (16)
Slope Tributaries
Fifteenmile Creek Cascades Eastern (405) (396) (941) (264) 430 (497) 278 (289) -35(-42)
Slope Tributaries
Deschutes River Cascades Eastern 249 (324) 226 (341) 742 (951) 478 (579) 731 (781) 415 (432) -43(-45)
Westside Slope Tributaries
Deschutes River Cascades Eastern 618 (773) 693 (1,440) 3,823 (4,849) 1,419 (1,712) 963 (1,123) 292 (340) -70(-70)
Eastside Slope Tributaries
Rock Creek Cascades Eastern — — — 113 (113) 396 (396) 266 (266) -33(-33)
Slope Tributaries
John Day River Lower John Day River 1,021 (1,248) 968(1,017) 3,479 (4,052) 1,024 (1,382) 2,017 (2,300) 1,006 (1,038) -50 (-55)
Mainstem Tributaries
North Fork John Day John Day River 1,248 (793) 1,142 (1,200) 2,247 (2,514) 1,488 (1,618) 2,822 (2,879) 910 (914) -68(-68)
River
Middle Fork John Day John Day River 1,306 (1,225) 545 (572) 1,229 (1,375) 634 (689) 4,767 (4,864) 2,388(2,397) -50(-51)
River
South Fork John Day John Day River 450 (402) 135 (142) 493 (551) 586 (637) 1,148 (1,171) 776 (779)  -32 (-33)
River
John Day River Upper John Day River 991 (1,029) 350 (368) 695 (777) 471 (512) 1,086 (1,108) 458 (460) -58(-58)
Mainstem
Satus Creek Yakima River 339 (377) 266 (300) 641 (652) 806 (829) 1,575 (1,608) 650 (656) =59 (-59)
Toppenish Creek Yakima River 102 (113) 135 (153) 695 (706) 467 (481) 570 (583) 232(235) -59(-60)
Naches River Yakima River 281 (313) 260 (294) 854 (868) 823 (846) 1,879 (1,923) 913 (921) -51(-52)
Yakima River Upper Yakima River 54 (56) 49 (50) 145 (149) 155 (157) 389 (410) 329 (337) -15(-18)
Mainstem
Umatilla River Umatilla/Walla Walla 1,070 (1,346) 925 (1,664) 2,355 (3,324) 1,946 (2,517) 3,101 (3,687) 2,451(2,877) -21(-22)
Walla Walla River Umatilla/Walla Walla 995 (995) 516 (522) 957 (997) 711 (733) 1,016 (1,035) 500(583) -51(-44)
Touchet River Umatilla/Walla Walla 392 (438) 343 (396) 357 (388) 337 (446) 397 (501) 162 (214) -59 (-57)

Total spawning escapements have decreased in the most recent brood cycle for all three
populations in the Umatilla/Walla Walla MPG as well (Table 24). The 15-year trend in natural-
origin abundance was positive for the Umatilla River population and slightly negative for
Touchet River (Table 25, Figure 46), though the trends are shallow. Population productivity was
cyclical, with most populations following a similar pattern of growth and decline (Figure 47).

Using the R/S and SAR indicators by population, it is possible to generate an indicator of
freshwater productivity (FWPI) as a ratio of R/S and SAR (Figure 48). This quantity can be
thought of as an indicator of smolts per spawner, and thus, the overall population productivity
in the freshwater environment. Broodyear return rates reflect the combined impacts of
year-to-year patterns in marine life-history stages, upstream and downstream passage
survivals, as well as density-dependent effects resulting from capacity or survival limitations
on tributary spawning or juvenile rearing habitats. FWPI for the Middle Columbia River
steelhead populations for which this indicator can be constructed indicate relatively moderate
freshwater productivity, with the majority of the populations below 100, a conservative
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Table 25. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed natural spawner log abundance estimate. Only populations with at
least 4 wild spawner estimates from 1980 to 2014 are shown and with at least 2 data points in
the first 5 years and last 5 years of the 15-year period. Blank cells in the table indicate insuffient

data to calculate the trend metric.

Population

MPG

1990-2005

2004-2019

Klickitat River
Fifteenmile Creek

Deschutes River
Westside

Deschutes River
Eastside

Rock Creek

John Day River Lower
Mainstem Tributaries

North Fork John Day
River

Middle Fork John Day
River

South Fork John Day
River

John Day River Upper
Mainstem

Satus Creek

Toppenish Creek

Naches River

Yakima River Upper
Mainstem

Umatilla River

Walla Walla River

Touchet River

Cascades Eastern
Slope Tributaries

Cascades Eastern
Slope Tributaries

Cascades Eastern
Slope Tributaries

Cascades Eastern
Slope Tributaries

Cascades Eastern
Slope Tributaries
John Day River
John Day River
John Day River

John Day River

John Day River

Yakima River
Yakima River
Yakima River

Yakima River

Umatilla/Walla Walla
Umatilla/Walla Walla
Umatilla/Walla Walla

0.06 (0.01, 0.10)
0.08 (0.03, 0.13)

0.10 (0.05, 0.15)

0.05 (0.00, 0.10)

0.08 (0.04,0.12)

0.01 (-0.03, 0.06)
0.04 (-0.02, 0.09)

-0.01 (-0.06, 0.04)

0.07 (0.02, 0.11)
0.14 (0.09, 0.19)
0.09 (0.05, 0.14)
0.09 (0.05, 0.14)

0.07 (0.03,0.11)

0.00 (-0.04, 0.05)
0.02 (-0.01, 0.06)

0.00 (-0.04, 0.03)
-0.03 (-0.07, 0.01)
-0.04 (-0.09, 0.00)

-0.15 (-0.19,-0.11)

-0.03 (-0.08, 0.02)
-0.04 (-0.10, 0.01)
0.09 (0.02, 0.15)
0.04 (-0.01, 0.09)
-0.01 (-0.07, 0.04)
-0.01 (-0.07, 0.04)
-0.05 (-0.10, -0.01)

0.01 (-0.04, 0.06)
0.06 (0.01, 0.11)

0.00 (-0.05, 0.04)
-0.03 (-0.08, 0.01)
-0.06 (-0.10,-0.01)

estimate of 100 smolts per spawner (Figure 48). The relatively high SAR estimates for the
aggregate run to the John Day River, and moderate R/S rates, result in low estimates of
freshwater productivity. Low freshwater productivity does point to areas of recovery action
focus such as pre-spawn mortality and juvenile rearing habitat condition. Mainstem migratory
impacts such as the SAR are based on Bonneville-to-Bonneville tag detections, and the R/S
rates are based on spawning ground recruits. The initial assessment of abundance and
productivity gaps for the Middle Columbia River steelhead populations indicated a diversity
of conditions, but generally fewer than were found for the other interior Columbia River basin
listed DPSes (ICTRT 2007). Nonetheless, long-term productivity metrics, where produced,
indicate the potential for needed improvements to reduce demographic risk factors.
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Steelhead (Middle Columbia River DPS)

Satus Ck. Su Toppenish Su Naches R. Su Yakima R. Up. Mainstem Su
(=] i=1
g - . g g .
& - =1
- Ll _ 8
g | $ g | g 3
=1 ] = S ] |
8 o
g : . & 8 R g
- . &~ [ ]
e = - = o o -
T T T T T T T T T T T T T T T T T T T T
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
Klickitat R. Su&wi Fifteenmile Ck. Wi Deschutes R. - Westside Su Deschutes R. - Eastside Su
= .
g i . .
= (=3
- S =g
g € g - g
=] ] = -
g { i g
o 7 Y = _ F .
N L/ @ 2 § - .
.
o o o - = =
T T T T T T T T T T T T T T T T T T T T
8 1980 2000 2020 1980 2000 2020 1980 2000 2020 1880 2000 2020
= Rock Ck. Su Joghn Day R. Low. Mainstem Tribs. Su MF John Day R. Su
38 S =
@ o
k-] . - . = o = ™
&2 . = | < § 7
o 2 7 (= b o ‘.
5] 2 % = -
ce | i - 2 -
8% o . N
4 . (=1 = L]
Sg . g %o g g
o - N &
] . .
T o - o o o o o -
5] T T T T T T T T T T T T T T T T T T T T
'E 1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
a SF John Day R. Su John Day R. Up. Mainstem Su Umatilla R. Su Walla Walla R. Su
i . 2 . T T
- - =
o Y ¥ F g = 2 -
3 - 8 @
- s i -
. — .
8 * =1 8
- . Sk —
g . & & AAS
o = o o - =
T T T T T T T T T T T T T T T T T T T T
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
Touchet R. Su
(=1
(=1
(=1
=3
(=]
uw
=3

2020

Figure 46. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.
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Steelhead (Middle Columbia River DPS)
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Figure 47. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢ - 4). Spawning
years on x-axis.

103



6.0 180

@ Fifteenmile
i ® ®IDR LM 160
5.0 I T
@ IDR UM
§3181 :
IDR MF
L
4.0 ® DR NF 120 g
JODR SF B
7 . 3
€ E ® Umatilla 100 ”§
g 2.0 ﬂ;
[n it
5 E T 80 §
i 1 ] G
2.0 60 2
. {4,
; ¢ o
1.0 * °
° 20
0.0 0
SAR R/S FWPI

Figure 48. Smolt-to-adult return, recruits per spawner, and freshwater productivity index (FWPI)
for each of the populations in the DPS. Geometric means of SAR and R/S are shown for each
population, along with the standard error of the estimate (whiskers represent +1SE). The time
period included in the SAR or R/S indices is the past 20 years, depending on data availability.
The FWPI is constructed as a ratio of the geomean R/S and SAR, and can be thought of as a
measure of smolts per spawner.

Non-treaty harvest

Steelhead were historically taken in tribal and non-tribal gillnet fisheries, and in
recreational fisheries in the mainstem Columbia River and its tributaries. In the 1970s,
retention of steelhead in non-tribal commercial fisheries was prohibited, and in the mid-
1980s, tributary recreational fisheries in Washington adopted mark-selective regulations.
Steelhead are still harvested in tribal fisheries, in mainstem recreational fisheries, and there
is incidental mortality associated with mark-selective recreational fisheries. The majority
of impacts on the summer run occur in tribal gillnet and dip-net fisheries targeting Chinook
salmon. Sport fisheries targeting hatchery-run steelhead occur in the mainstem Columbia
River and in several middle Columbia River tributaries (Figure 49, lower panel).

Few winter-run fish migrate above Bonneville Dam, and winter-run steelhead are in the
mainstem river at a time when there is generally little or no fishing occurring. The Klickitat
River steelhead population within the Middle Columbia River steelhead DPS has a winter-
run component, although anadromous production is dominated by summer-run timing.
The ICTRT classified Fifteenmile Creek, another Middle Columbia River steelhead DPS
population located in the downstream extent of the DPS, as winter-run, although recent
information summarized in this assessment indicates that its core production area exhibits
summer-run timing. Recreational fisheries in Washington tributaries have been mark-
selective since the mid-1980s. Because very few of the fish ascend above Bonneville Dam,
there was little focus on this run prior to listing. Total non-treaty fishery impact rates for
the natural component are in the range of 0.5% (Figure 49, upper panel).
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Mid-C Winter-run Steelhead Non-treaty Harvest
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Figure 49. Non-treaty harvest impacts on natural winter- (upper panel) and summer-run
(lower panel) steelhead from the Middle Columbia River steelhead DPS. As of 2012, harvest
management reporting is broken into two periods, FA and W/SP/SU, where previously
reporting was done by full calendar year (TAC2020).

Spatial structure and diversity

Updated information on spawner and juvenile rearing distribution does not support a
change in spatial structure status for Middle Columbia River steelhead DPS populations,
though the newly re-established run in the White Salmon River and the developing time
series of population data from the Klickitat River and Rock Creek do warrant consideration
in the DPS recovery plan. Viability indicators for within-population diversity have changed
for some populations, although in most cases the changes have not been sufficient to shift
composite risk ratings for a particular population.
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In the Cascades Eastern Slope Tributaries MPG, Fifteenmile Creek remains rated at “low
risk” for spatial structure and diversity. Spawning distributions mimic inferred historical
patterns; life-history diversity and phenotypic characteristics are believed to be intact;
and adult sampling indicates low contributions from straying out-of-basin hatchery stocks.
Additional information obtained from spawner distribution and genetic sampling in the
Klickitat River supports the “low risk” rating for spatial structure, and suggests that the
current “moderate” rating for within-population diversity may improve as additional years
of data accumulate. The current diversity risk rating of “moderate” was largely based on
uncertainty about the effects of the ongoing hatchery program in the basin. Initial results
indicate that the separation in time and space between hatchery- and natural-origin
spawners has been effective in minimizing introgression. Indices for both spatial structure
and diversity risk for the Deschutes River Westside population remain at “moderate risk.”
The spatial structure rating is due to the loss of natural production from above Pelton
Dam/Round Butte, Oregon. The Deschutes River Eastside population is rated at “low risk”
for spatial structure. Both populations are rated at “moderate risk” for diversity based on
reductions in life-history diversity as a result of habitat degradation and potential genetic
impacts resulting from chronic and widespread hatchery straying from out-of-basin stocks.
The most recent five-year average proportion for natural spawners in the Deschutes River
Westside population continues to increase (Table 26). Specific information on spawner
distribution and composition for Rock Creek, the other extant population in this MPG, has
become available since the prior review. Spawning in this historically small population
appears to be dominated by out-of-basin, natural-origin strays.

Table 26. Five-year mean of fraction natural spawners (sum of all estimates divided by the number
of estimates). Blanks mean no estimate available in that 5-year range.

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19
Klickitat River Cascades Eastern — — 1.00 1.00 1.00
Slope Tributaries
Fifteenmile Creek Cascades Eastern — — — 0.96 0.96
Slope Tributaries
Deschutes River Cascades Eastern 0.67 0.78 0.83 0.94 0.96
Westside Slope Tributaries
Deschutes River Cascades Eastern 0.51 0.79 0.84 0.86 0.86
Eastside Slope Tributaries
Rock Creek Cascades Eastern — — 1.00 1.00 1.00
Slope Tributaries
John Day River Lower John Day River 0.95 0.86 0.74 0.88 0.97
Mainstem Tributaries
North Fork John Day John Day River 0.95 0.89 0.92 0.98 1.00
River
Middle Fork John Day John Day River 0.95 0.89 0.92 0.98 1.00
River
South Fork John Day John Day River 0.95 0.89 0.92 0.98 1.00
River
John Day River Upper John Day River 0.95 0.89 0.92 0.98 1.00
Mainstem
Satus Creek Yakima River 0.89 0.98 0.97 0.98 1.00
Toppenish Creek Yakima River 0.88 0.98 0.97 0.98 0.99
Naches River Yakima River 0.89 0.98 0.97 0.98 1.00
Yakima River Upper Yakima River 0.98 0.97 0.99 0.95 0.99
Mainstem
Umatilla River Umatilla/Walla Walla 0.56 0.71 0.77 0.84 0.85
Walla Walla River Umatilla/Walla Walla 0.99 0.96 0.97 0.98 0.87
Touchet River Umatilla/Walla Walla 0.87 0.92 0.76 0.79 0.76
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Figure 50. Smoothed trend in the estimated fraction of the natural spawning population consisting
of fish of natural origin. Points show the annual raw estimates.

The most recent results from spawner surveys and juvenile sampling are consistent with
the “moderate risk” rating assigned to Umatilla/Walla Walla MPG populations in prior
reviews, reflecting the contracted range and the existence of gaps among spawning areas
within each population. Diversity risk remains at “moderate,” with no new information
indicating increased life-history or phenotypic diversity. Prior reviews have also identified
concerns regarding the proportions of out-of-basin hatchery fish contributing to spawning
in all three populations, with the highest proportions being observed in the Umatilla and
Touchet Rivers. Total hatchery proportions have increased slightly from the prior review.

The spatial structure for all five populations in the John Day MPG remains rated at “low” or
“very low” risk based on recent updated spawner distributions. Habitat conditions believed to
limit life-history and phenotypic diversity remain relatively unchanged. Hatchery proportions
estimated for John Day populations have declined considerably in recent years (Figure 50).
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Three of the four populations in the Yakima MPG remain at “low risk” for spatial structure
impacts based on results from recent radio-tag and PIT-tag studies. Distribution across
spawning areas within the fourth population, the Yakima River Upper Mainstem, continues
to be substantially reduced from inferred historical levels and is rated at “moderate.” As
with the populations in the Umatilla/Walla Walla MPG, risks due to the loss of life-history
and phenotypic diversity inferred from habitat degradation (including passage impacts
within the Yakima River basin) remain at prior levels. There are no within-basin hatchery
steelhead releases in the Yakima River, and outside-source strays remain at low levels.

Biological viability relative to recovery goals

Recovery strategies outlined in the recovery plan (NMFS 2009a) and its management unit
components are targeted on achieving, at a minimum, the ICTRT biological viability criteria
requiring that the DPS should “...have all four major population groups at viable (low risk)
status with representation of all the major life history strategies present historically, and
with the abundance, productivity, spatial structure, and diversity attributes required for
long-term persistence” (p.3-2). The recovery plan recognizes that, at the MPG level, there
may be several specific combinations of population viability ratings that could satisfy the
ICTRT criteria. Each of the management unit plans identifies particular combinations that
are the most likely to result in achieving “viable” MPG status. The recovery plan recognizes
that the management unit plans incorporate a range of objectives that go beyond the
minimum biological viability required for delisting.

The ICTRT recovery criteria are hierarchical in nature, with ESU/DPS-level criteria being based
on the viability of natural-origin steelhead assessed at the population level (ICTRT 2007).

Under the ICTRT approach, population-level assessments are based on a set of metrics
designed to evaluate risk across the four viable salmonid population elements: abundance,
productivity, spatial structure, and diversity (McElhany et al.2000). The ICTRT approach
calls for comparing estimates of current natural-origin abundance (measured as a ten-year
geometric mean of natural-origin spawners) and productivity (estimate of recruit per spawner
at low-to-moderate parent spawning abundance) against predefined viability curves. In
addition, the ICTRT developed a set of specific criteria (metrics and example risk thresholds)
for assessing the spatial structure and diversity risks based on current information
representing each specific population. The ICTRT viability criteria are generally expressed
relative to the particular risk threshold of a 5% risk of extinction over a 100-year period.

Middle Columbia River steelhead DPS: NOAA recovery plan scenario

The Middle Columbia River steelhead recovery plan identifies a set of most likely scenarios
to meet the ICTRT recommendations for “low risk” populations at the MPG level. In
addition, the management unit plans generally call for achieving “moderate risk” ratings
(“maintained” status) across the remaining extant populations in each MPG.
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Cascades Eastern Slope Tributaries MPG

The Klickitat River, Fifteenmile Creek, and both the Deschutes River Eastside and Westside
populations should reach at least “viable” status to meet MPG-level viability objectives. The
management unit plans also call for at least one population to be “highly viable,” consistent
with ICTRT recommendations. The Rock Creek population should reach “maintained” status
(=25% risk level). MPG viability could be further bolstered if reintroduction of steelhead into the
Crooked River succeeds and if the White Salmon River population successfully recolonizes its
historical habitat following the upcoming removal of Condit Dam. The ICTRT originally classified
the Fifteenmile Creek population as winter-run. Based on the recent information provided by
ODFW described above, that designation should be provisionally changed to summer-run.

John Day River MPG

The John Day River Lower Mainstem Tributaries, North Fork John Day River, and either the
Middle Fork John Day River or John Day River Upper Mainstem populations should achieve
at least “viable” status. The management unit plan also calls for at least one population to
be “highly viable,” consistent with ICTRT recommendations.

Yakima River MPG

To achieve “viable” status, two populations should be rated as “viable,” including at least
one of the two classified as large—the Naches River and the Yakima River Upper Mainstem.
The remaining two populations should, at a minimum, meet the “maintained” criteria. The
management unit plan also calls for at least one population to be “highly viable,” consistent
with ICTRT recommendations.

Umatilla/ Walla-Walla MPG

Two populations should meet viability criteria. The management unit plan also calls for
at least one population to be “highly viable,” consistent with ICTRT recommendations.
Umatilla River is the only large population, and therefore needs to be viable. In addition,
either the Walla Walla River or Touchet River population also needs to be viable.

Overall viability ratings for the populations in the Middle Columbia River steelhead DPS
remain generally unchanged from the prior five-year review (Table 27).

Updated biological risk summary

There has been functionally no change in the viability ratings for the component populations,
and the Middle Columbia River steelhead DPS does not currently meet the viability criteria
described in the Middle Columbia River steelhead recovery plan. In addition, several of

the factors cited by the 2005 BRT remain as concerns or key uncertainties. While recent
(five-year) returns are declining across all populations, the declines are from relatively

high returns in the previous five-to-ten year interval, so the longer-term risk metrics that
are meant to buffer against short-period changes in abundance and productivity remain
unchanged. Natural-origin spawning estimates are highly variable relative to minimum
abundance thresholds across the populations in the DPS. Two of the four MPGs in this

DPS include at least one population rated at “low” or “very low” risk for abundance and
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Table 27. Summary of Middle Columbia River steelhead DPS viability relative to the ICTRT viability criteria, grouped
by MPG. Natural spawning = most-recent 10-yr geometric mean (range). ICTRT productivity = 20-yr geometric
mean for parent escapements below 75% of population threshold. Current A/P estimates are geometric means.
Range in annual abundance, standard error, and number of qualifying estimates for productivities in parentheses.

Abundance/productivity Spatial structure/diversity
(A/P) metrics (SS/D) metrics
ICTRT Natural ICTRT Integrated Natural Diversity Integrated Overall
Population threshold spawning productivity A/Prisk processes risk SS/Drisk risk rating
Klickitat River 1,000 1,462 1.07 Moderate Low Moderate Moderate Maintained
(SD919) (0.128/20)
Fifteenmile Creek 500 378 2.12 Moderate Very Low Low Low Maintained
(SD170) (0.198/20)
Deschutes River Westside 1,500 (1,000) 538 1.10 High Low Moderate Moderate High
(SD306) (0.1518/20)
Deschutes River Eastside 1,000 604 1.75 Moderate Low Moderate Moderate Maintained
(SD 453) (0.29 7/20)
Rock Creek 500 298 — High Moderate Moderate Moderate High
(SD 232)
Crooked River (extirpated) 2,000 — — — — — — Extirpated
White Salmon River 500 — — — — — — Extirpated
(extirpated) (recolonizing)
John Day River Lower Mainstem 2,250 1,424 2.72 Moderate Very Low Moderate Moderate Maintained
Tributaries (SD1,026)  (0.19 12/20)
North Fork John Day River 1,000 1,852 3.31 Very Low Very Low Low Low Highly Viable
(SD1,343) (0.16 2/20)
Middle Fork John Day River 1,000 3,371 4.49 Very Low Low Moderate Moderate Viable
(SD1,811) (0.27 8/20)
South Fork John Day River 500 943 2.45 Very-Low Very Low Moderate Moderate Viable
(SD552) (0.2910/20)
John Day River Upper Mainstem 1,000 738 1.56 Moderate Very Low Moderate Moderate Maintained
(SD418) (0.16 14/20)
Satus Creek 1,000 (500) 1,064 1.92 Low Low Moderate Moderate Viable
(SD777) (0.303/20)
Toppenish Creek 500 407 3.35 Moderate Low Moderate Moderate Maintained
(SD 231) (0.239/20)
Naches River 1,500 1,340 2.00 Moderate Low Moderate Moderate Maintained
(SD601) (0.23 6/20)
Yakima River Upper Mainstem 1,500 346 1.73 Moderate Moderate High High High
(SD129) (0.15 20/20)
Umatilla River 1,500 2,747 0.98 Moderate Moderate Moderate Moderate Maintained
(SD1,108) (0.27 6/20)
Walla Walla River 1,000 713 1.79 Moderate Moderate Moderate Moderate Maintained
(SD511) (0.188/20)
Touchet River 1,000 253 0.91 High Low Moderate Moderate High

(SD222)  (0.0919/20)

productivity, while the other two MPGs remain in the “moderate” to “high” risk range

(Table 27). Updated information indicates that stray levels into the John Day River populations
have decreased in recent years. Out-of-basin hatchery stray proportions, although reduced,
remain high in spawning reaches within the Deschutes River basin and the Umatilla, Walla
Walla, and Touchet River populations. Overall, the Middle Columbia River steelhead DPS
remains at “moderate” risk of extinction, with viability unchanged from the prior review.
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Lower Columbia River Domain Viability Summaries

Lower Columbia River Chinook Salmon ESU

Brief description of ESU

The ESU includes all naturally produced populations of Chinook salmon from the Columbia
River and its tributaries from its mouth at the Pacific Ocean upstream to a transitional point
between Washington and Oregon east of the Hood River and the White Salmon River, and
includes the Willamette River to Willamette Falls, Oregon (Figure 51; USOFR 2020), with

the exception of spring-run Chinook salmon in the Clackamas River. The ESU spans three
distinct ecological regions: Coastal, Cascade, and Gorge. Distinct life histories (run and
spawn timing) within ecological regions in this ESU were identified as major population
groups (MPGs). In total, 32 historical, demographically independent populations were
identified in this ESU—nine spring-run, 21 fall-run, and two late fall-run—organized in six
MPGs based on run timing and ecological region.
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Figure 51. Maps of the Lower
Columbia River Chinook
salmon ESU’s spawning and
rearing areas, illustrating
basins where demographically
independent populations
(DIPs) and major population
groups (MPGs) are located.
Several watersheds contain

or historically contained both
spring-run DIPs (top map)
and fall and late-fall DIPs
(bottom map). Areas that are
accessible (green), accessible
only via trap and haul
programs (yellow), or blocked
(cross-hatched) are indicated
accordingly.



Summary of previous status conclusions

2005

In the 2005 update, a majority of the BRT votes for the Lower Columbia River Chinook
salmon ESU fell in the “likely to become endangered” category, with minorities falling

in the “in danger of extinction” and “not likely to become endangered” categories (Good
et al.2005). The BRT was still concerned about the risk factors identified in the original
1998 review. The Willamette-Lower Columbia River Technical Recovery Team (WLC-TRT)
estimated that eight-to-ten historical populations in this ESU had been extirpated, the
majority of them spring-run populations. The near loss of that life-history type remained
an important BRT concern. Although some natural production appeared to occur in 20 or
so populations, only one exceeded an average 1,000 spawners annually. High hatchery
production continued to pose genetic and ecological risks to natural populations, and to
mask their performance. Most populations in this ESU had not experienced abundance
increases in the years leading up to the 2005 status review, as had occurred in other regions.

2010

Ford et al. (2011) noted that three status evaluations of Lower Columbia River Chinook
salmon, all based on WLC-TRT criteria, had been conducted since the last BRT status update
in 2005. All three evaluations concluded that the ESU was at “very high” risk of extinction. Of
the 32 historical populations in the ESU, 28 were considered extirpated or at “very high risk.”
Based on the recovery plan analyses, all of the tule (fall-run) populations were considered
“very high risk” except one, which was considered “high risk.” Later modeling conducted

in association with tule harvest management suggested that three of the populations
(Coweeman River, Lewis River, and Washougal River) were at a somewhat lower risk.
However, even these more optimistic evaluations suggest that the remaining 18 populations
were at substantial risk because of very low natural-origin spawner abundance (<100 per
population), high hatchery fraction, habitat degradation, and harvest impacts.

Ford et al. (2011) noted that spring Chinook populations remained cut off from access to
essential (historical) spawning habitat by dams. Trap-and-haul projects to allow access

to historical spawning habitat had been initiated in the Cowlitz River and Lewis River
systems, but in 2010 these were not effective enough to produce self-sustaining populations,
primarily because of poor downstream juvenile collection. Dams were removed on the
Sandy River and Hood River; however, these dams only impeded passage, they did not
block it. At the time of the review, the benefits of these actions had not yet been expressed
in adult returns. The Sandy River spring-run Chinook salmon population was considered

at “moderate” risk and was the only spring-run Chinook salmon population not considered
extirpated or nearly so. The Hood River population contained an out-of-ESU hatchery stock.
The two late-fall populations, Lewis River and Sandy River, were the only populations
considered at “low” or “very low” risk. They contained relatively few hatchery fish and, as
of 2010, had maintained high spawner abundances (especially Lewis River) since the last
BRT evaluation in 2005. Overall, the new information considered in 2010 did not indicate a
change in the biological risk category since the time of the prior BRT status review in 2005.
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2015

The NWFSC (2015) analysis of the biological risk status of the Lower Columbia River
Chinook salmon ESU indicated little change since the prior status review, although there
were some positive trends. Increases in abundance were noted in about 70% of the fall-run
populations, and decreases in hatchery contribution were noted for several populations.
Relative to baseline VSP levels identified in the recovery plan (Dornbusch 2013), there had
been an overall improvement in the status of a number of fall-run populations, although
most were still far from the recovery plan goals.

In the 2015 review, improved fall-run VSP scores reflected both changes in biological

status and improved monitoring. Spring-run Chinook salmon populations in this ESU

were generally unchanged; most populations were at “high” or “very high” risk due to low
abundances and the high proportion of hatchery-origin fish spawning naturally. In contrast,
the spring-run Chinook salmon DIP in the Sandy River had an average of over 1,000 natural-
origin spawners and was at “moderate” risk; this appeared partly to be a result of the
removal of Marmot Dam in the Sandy River, which eliminated migrational delays and holding
injuries that were occurring at the dam’s fish ladder. Further, the removal of a diversion dam
on the Little Sandy River restored access and flow to historical salmon habitat. Many of the
spring-run populations rely upon passage programs at high-head dams, and in most cases
the downstream juvenile collection efficiencies were still too low to maintain self-sustaining
natural runs. While limited numbers of naturally-produced spring-run fish return to the
Cowlitz and Cispus Rivers, no spring-run fish were transported into the Tilton River basin
and it was not clear if there were any spring-run Chinook salmon remaining in the Toutle
River basin. The removal of Condit Dam on the White Salmon River provided an opportunity
for the reestablishment of a spring-run population with volitional access to historical
spawning grounds (abundance estimates prior to 2012 reflected fish spawning below Condit
Dam during the spring-run temporal spawning window). Alternatively, spring-run Chinook
salmon returning to the Hood River were largely the result of introductions of Deschutes
River spring-run origin (the identified but not listed Middle Columbia River spring-run
Chinook salmon ESU) and provide no benefit to the status of the ESU. However, some lower
Columbia River-origin spring-run Chinook salmon had also been detected in the Hood
River, and may have contributed to future native abundance in the river.

The majority of the populations in this ESU remained at “high” risk, with low natural-origin
abundance levels. Hatchery contributions remained high for a number of populations,

and it is likely that many returning unmarked adults were the progeny of hatchery-origin
parents. Where large hatchery programs operated, it is also likely that mismarked hatchery-
origin fish contributed to natural spawner counts. While overall hatchery production had
been reduced slightly, hatchery-produced fish still represented a majority of fish returning
to the ESU. The continued release of out-of-ESU stocks, including Upriver Bright, Rogue
River (SAB) fall run, Upper Willamette River spring-run, Carson Hatchery spring-run,

and Deschutes River spring-run, remained a concern. Relatively high harvest rates were a
potential concern, especially for most spring-run and low abundance fall-run populations.
Although there had been a number of notable efforts to restore migratory access to

areas upstream of dams, until efforts to improve juvenile passage systems bear fruition,
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the review concluded that it was unlikely that there would be significant improvements

in the status of many spring-run populations. Alternatively, dam removals (i.e., Condit
Dam, Marmot Dam, and Powerdale Dam) not only improved and/or provided access, but
allowed the restoration of hydrological processes that may have improved downstream
habitat conditions. Continued human population growth, land development, and habitat
degradation, in combination with the potential effects of climate change, likely presented

a continuous negative influence. In addition, coastal ocean conditions at the time of the
2015 review suggested that the recent outmigrant year classes would experience below-
average ocean survival ,with a corresponding drop in spawner abundance in the near term,
depending on the duration and intensity of the existing situation.

Description of new data available for this review

For the current evaluation, data were available for many populations through 2018 or

2019, with some of the datasets going back as far as 1968. This status review benefits from
expanded spawner surveys begun after the 2010 review, especially in regard to abundance
time series and hatchery contribution to the naturally spawning adults. Presently, there

is some level of monitoring for all Chinook salmon populations except those that are
functionally extinct (Rawding and Rodgers 2013). Guidance provided by Crawford and
Rumsey (2011) emphasized the need for a common set of population parameters that

could be used to evaluate VSP criteria across all populations. In 2010, WDFW expanded
their efforts to survey Chinook and coho salmon in the lower Columbia River, specifically
focusing on data appropriate for evaluating VSP criteria (Rawding et al. 2014). These data
include abundance, proportion hatchery-origin spawners, age, and sex. Similar efforts

have been undertaken by ODFW to more uniformly undertake spawner surveys across the
Oregon coast and lower Columbia River through their Oregon Adult Salmonid Inventory
and Sampling (OASIS) project. A generalized random tesselation stratified (GRTS-based)
spawning ground survey has been conducted in the Coastal stratum by ODFW since 2012.
Improvements in spawner census methodologies have unfortunately resulted in the need to
“restart” some time series to ensure data compatibility. Methodologies include expansions of
index reach redd counts, tributary weir counts, mark/recapture surveys, and hatchery trap,
dam trap, and dam ladder counts. Mass marking of hatchery-reared Chinook salmon has
become the norm, providing better information on natural-origin recruit (NOR) abundance
(instead of the previous method of coded wire tag expansion), allowing mark-selective
fisheries (reducing harvest impacts on natural-origin adults and reducing the number of
hatchery-origin fish) and facilitating broodstock protocols in hatcheries and natural-origin
spawner (NOS) selection at weirs and other facilities. Data time series are available for most
populations, although there is considerable uncertainty in analyzing data time series across
different survey methodologies, especially those data series for years prior to 2010.
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Abundance and productivity

Spring-run Cascade MPG

Of the seven spring-run DIPs in this MPG, there are abundance estimates for the Upper
Cowlitz/Cispus Rivers (2 DIPs combined), Kalama River, North Fork Lewis River, and Sandy
River populations. Of these, only the Sandy River population appears to be sustaining natural-
origin abundance at near-recovery levels. The most-recent five-year geomean abundance for
the Sandy River was 3,359, which represents an 89% increase over 2010-14 (Table 28). The
removal of Marmot Dam on the Sandy River in 2007, in conjunction with efforts to reduce
the contribution of hatchery-origin fish, has facilitated the improved abundance of spring-
run Chinook salmon in that basin, an impressive result given the poor ocean conditions
experienced during this last review period. All of the spring-run populations except

Sandy River exhibited a recent uniform decline, possibly related to climatic and oceanic
conditions (Tables 28 and 29, Figure 52). Elsewhere in this MPG natural-origin abundances
for spring-run Chinook salmon were very low, with negative trends. For the Upper Cowlitz/
Cispus Rivers, Kalama River, and North Fork Lewis River populations, hatchery returns
currently constitute the vast majority of fish returning to the river. In the Upper Cowlitz
River, hatchery-origin fish are transported around the dams, whereas in the Kalama and
Lewis Rivers, hatchery fish are intercepted at Lower Kalama River Falls and Merwin Dam,
respectively. Current programs on the Cowlitz and Lewis Rivers to pass returning adults
above and collect and transport migrating juveniles downstream around high-head dams
have not attained sufficient efficiencies for the populations to sustain themselves, although
considerable progress has been made in recent years (Rubenson et al. 2019, PacifiCorp 2020).
Reintroduction efforts have not yet begun to reestablish spring-run Chinook salmon in the
Tilton River DIP. WDFW does not recognize the continued existence of the Toutle River
spring-run DIP, and adult spawner surveys are not undertaken (WDFW et al. 1993). The
Kalama River spring-run hatchery program is run as a segregated program, and returning
hatchery-origin adults are excluded from upriver spawning habitat; however, the Kalama
River natural-origin spring-run abundance continues to be critically low, with strongly
negative long- and short-term trends (Table 28). The spring run in the North Fork Lewis River
includes fish naturally spawning below Merwin Dam and fish returning to the Merwin Trap
for transportation above Swift Dam (the uppermost dam). In summary: in this MPG, only
the Sandy River Chinook salmon DIP has attained moderate abundance levels; three other
DIPs have very low abundances, and the remaining three have few if any naturally spawning
individuals, although the populations may persist as hatchery stocks in some cases.

Spring-run Gorge MPG

Both of the historical spring-run DIPs in this MPG are likely at extremely low abundances
(Table 28). In the Big White Salmon River, the removal of Condit Dam in 2011 reestablished
access to historical spring-run Chinook salmon spawning grounds. Although some spring-
run fish have spawned in the basin subsequent to the dam removal, the origin of those fish is
not known and spawner surveys have been limited (LCFRB 2020). Native spring-run Chinook
salmon in the Hood River declined to critically low levels in the late 1980s and may have
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Table 28. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count times the fraction
natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner counts is shown. A value
only in parentheses means that a total spawner count was available but no or only one estimate of natural spawners
available. The geometric mean was computed as the product of counts raised to the power 1 over the number of
counts available (2 to 5). A minimum of 2 values were used to compute the geometric mean. Percent change between
the 2 most-recent 5-year periods is shown on the far right. SP = spring-run, FA = fall-run, LFR = late fall-run.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change

Upper Cowlitz/Cispus Spring-run Cascade — — — — — 171 (5,435) —
Rivers SP

Kalama River SP Spring-run Cascade (121) (127) (337) 57 (405) 82 (82) 43 (43) -48 (-48)

North Fork Lewis River SP Spring-run Cascade (1,127) (308) (556) (130) (145) (112) (-23)

Sandy River SP Spring-run Cascade — — — — 1,778 (2,000) 3,359 (3,667) 89 (83)

Big White Salmon River SP Spring-run Gorge — — — — 18 (138) 8 (50) -56 (-64)

Grays River Tule FA Fall-run Coastal (53) (81) (214) 83 (188) 79 (448) 228 (579) 189 (29)

Youngs Bay FA Fall-run Coastal — — — — 201 (5,105) 145 (1,635) -28 (-68)

Big Creek FA Fall-run Coastal — — — — 0(1,389) 0(2,206) (59)

Elochoman River/ Fall-run Coastal (530) (661) (2771) (778) 91 (612) 95 (238) 4 (-61)
Skamokawa Tule FA

Clatskanie River FA Fall-run Coastal — — 27 (273) 13 (91) 8(82) 3(76) -62 (-7)

Mill/Abernathy/Germany Fall-run Coastal (1,160) (602) (2,416) (727) 67 (688) 28 (151) -58 (-78)
Creeks Tule FA

Lower Cowlitz River Fall-run Cascade (2,492) (1,827) (5,818) (2,367) 2,562 (3,711) 3,208 (4,161) 25(12)
Tule FA

Coweeman River Tule FA Fall-run Cascade (877) (796) (805) (526) 683 (840) 543 (595) -20 (-29)

Toutle River Tule FA Fall-run Cascade (211) (788) (4,689) (1,826) 330 (1,290) 280 (514) -15 (-60)

Upper Cowlitz River Fall-run Cascade (42) (724) (2,485)  2,646(7,779) 1,761 (2,188) -33(-72)
Tule FA

Kalama River Tule FA Fall-run Cascade (2,714) (4,192) (6,911) (6,156) 540 (7,529) 2,142 (3,808) 297 (-49)

Lewis River Tule FA Fall-run Cascade — (1,423) (3,487) (1,599) 1,521 (2,256) 2,003 (3,637) 32 (61)

Clackamas River FA Fall-run Cascade — — — — 144 (292) 236 (366) 64 (25)

Sandy River FA Fall-run Cascade — — — — (1,176) (2,074) (76)

Washougal River Tule FA Fall-run Cascade (2,932) (3,227) (4,391) (2,355) 609 (2,486) 914 (1,643) 50 (-34)

Lower Gorge Tributaries Fall-run Gorge — (1,822) (1,157) (941) 928 (1,048) 4,528 (4,708) 388(349)
Tule FA

Upper Gorge Tributaries Fall-run Gorge — (277) (916) (621) 561 (1,563) 537 (999) -4 (-36)
Tule FA

Big White Salmon River  Fall-run Gorge (127) (151) (2,129) (939) 759 (962) 283 (502) -63 (-48)
Tule FA

Lewis River Bright LFR  Late fall-run Cascade (8,353) (6,647) (11,694) (5,758) 11,671 8,725 (8,725)  -25(-25)

(11,671)

Sandy River Bright LFR  Late fall-run Cascade 852 (3,594) 815 (3,440) 555(2,340) 1,097 (4,629) — — —

been completely supplanted by introduced Deschutes River spring-run Chinook salmon, an
out-of-ESU hatchery population. With the removal of Powerdale Dam, it has not been possible
to estimate the abundance of returning adults with any certainty. Earlier reports of unmarked
spring-run Chinook salmon returning to the Hood River (NWFSC 2015) may suggest the
persistence of some native fish, but there is no verification of this. The last estimate of natural
abundance, 18 adults, was in 2017. There is considerable uncertainty whether this MPG persists,
and whether the low abundances observed represent native natural-origin abundances.
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Salmon, Chinook (Lower Columbia River ESU)

Grays & Chinook R. Fall Youngs Bay Fall Big Ck. Fall = Elochoman R. Fall
— (=]
8 4
=] - = - L =]
2 g 1 3
. e o
4 . o 8] Gl g ] °
- £ o g ] g ] - 5
W Pe L™ . - d =
=T T T T T = _'V_I_V_l&r 274 T T T T =
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
Clatskanie R. Fall - Mill/Abernathy/Germany Ck. Fall o Low. Cowlitz R. Fall Coweeman R. Fall
8 4 o S 5
E 8 g g . "
4 7 . B 7 . .
g g h il * .
2 | = = o L]
) 5 o 8 -
— o o - o - i
T T T T T T T T T T T T T T T
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
Toutle R. Fall Lewis R. Fall
o g
wy
_ 1 g
g . g - w
w
el =i i T T T T
; 1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
3 Salmon Ck. Fall Clackamas R. Fall Washougal R. Fall o Lewis R. Bright LFR
28 4 g g 1 5
LR o~ B .- -
g 9 g . a Il
. ] g
“1e
3 i . - & -
8.1 N »w .. o
k=] L T T L] T T T T T T T T T T T T T T T T
g 1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
g g Sandy R. LFR Up. Cowlitz R. Spring Kalama R. Spring NF Lewis R. Spring
o -
(=] . —
g g - g - g A
- » - ™~ -
= -1 - —
o - S (=] ~_'_|_'_‘ér o —_%r (=
T T T T T
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
3 Sandy R. Spring - Low. Gorge Tribs. Fall Up. Gorge Tribs. Fall Big White Salmon R. Fall
(=] (=3
S - S = N
- & « 31 . 8 -
. 1 . * o =3 °
o § - 8 | - o
g . =] . 5 g |
] | 1 P § > 1x &ﬁf
Sl T T T T =5 T T T Lo T T T T =
1980 2000 2020 1980 2000 2020 1980 2000 2020 1980 2000 2020
Big White Salmon R. Spring
o
(=3
=
o
(=3
w
o
1980 2000 2020

Figure 52. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.
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Fall-run Coastal MPG

In general, the DIPs in this MPG are dominated by hatchery-origin spawners from one of
the many large production hatcheries in the area (Table 30). The abundance of naturally
produced adults is low to very low for all populations (Figure 52), with the confounding
effects of the first-generation progeny of naturally spawning hatchery fish increasing the
uncertainty in any conclusions regarding productivity. Only in the Grays River Tule DIP

was there a considerable increase in five-year and longer-term abundance, from 79 to 228
(Tables 28 and 29), although hatchery-origin fish still constitute the majority of natural
spawners (Table 30). The Elochoman River/Skamokawa Tule population was largely stable,
with a five-year geomean abundance of 95. Of the remaining populations, downward trends
were observed in the Youngs Bay, Clatskanie River, and Mill/Abernathy/Germany Creeks Tule
populations, all of which have low abundances. Spawning surveys for Youngs Bay and Big
Creek are incomplete. Big Creek surveys are not done every year, and returns are dominated
by returns to the hatchery. Presently, unmarked fall-run Chinook salmon are passed over the
Big Creek weir to spawn naturally in the upper basin, as there is limited spawning habitat
below the weir; the most recent estimate for natural-origin spawners was 118 in 2018. The
Clatskanie River surveys are strongly influenced by large numbers of hatchery-origin fish
being attracted to Plympton Creek, whereas the mainstem Clatskanie River has a few natural-
origin spawners (>10), but almost no hatchery fish (Table 28). In surveys conducted in both
2012 and 2013 (the last on record), no Chinook salmon were observed in Scappoose Creek.
Overall productivity estimates were negative, except for the Grays River Tule DIP (Figure 53).

Fall-run Cascade MPG

The majority of the populations in this DIP have exhibited stable or slightly positive natural-
origin abundance trends. Six of the nine populations exhibited positive short-term trends
(Table 28). Natural-origin spawner abundances were in the high hundreds to low thousands
of fish, with the majority of the fish on the spawning grounds being natural-origin, except
for the Toutle, Kalama, and Washougal Rivers, where hatchery programs strongly influence
the composition of naturally-spawning fish (Table 30). The Lower Cowlitz River Tule DIP
had the highest five-year abundance (3,208), a 25% increase over the previous period
(Table 28); interestingly, the proportion of hatchery-origin spawners in this DIP was
relatively low (29.0%), especially given the large hatchery program present (Gleizes et

al. 2014). Annual variability in the proportion of hatchery-origin spawners is very high in
the Clackamas River (Figure 58), although only a few years of data are available. Recent
improvements in natural adult returns to the Tilton River (part of the Upper Cowlitz River
Tule DIP) suggest that the trap-and-haul program at Mayfield Dam has been successful
(Serl and Morrill 2010, Rubenson et al. 2019). Overall, most of the fall-run populations in

this MPG are improving, even approaching recovery levels in some cases, and while the
level of hatchery contribution to naturally spawning adults is relatively better than in other
MPGs in this ESU, most populations are still far above the hatchery contribution target of
10% identified in NMFS’s lower Columbia River recovery plan (Dornbusch 2013).

118



Salmon, Chinook (Lower Columbia River ESU)

T T T T T 11
1975 1985 1995 2005 2015

T T T T T T 11
1975 1985 1995 2005 2015

Grays & Chinook R. Fall Youngs Bay Fall Big Ck. Fall
L o™ = -
il Wi =1
. . . : .
] 4 B ]
o< T : n
| B N B B B B B R | T T T T T T T T T S I B D BN DN PR Sa S |
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
Elochoman R. Fall Clatskanie R. Fall MilVAbernathy/Germany Ck. Fall
" . L. IS Ul
L 0 J :
I I I I I I I I I L] I ] ] I ] ] ] I I I I ] I I I I T
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
Low. Cowlitz R. Fall Coweeman R. Fall Toutle R. Fall
™= N =
o “rig o 4 w-l‘ i "
Y T *~“r-r-rT—TTTT | BN B B N N RN S o |
1975 1985 1895 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
E Up. Cowlitz R. Fall Kalama R. Fall Lewis R. Fall
#o « ]
2° ] " - e bl
2 ™ J
8‘0" -I I I I I I I I I I ] I I I I I ] I I T I T I I I I T
3 1975 1985 1095 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
2 Clackamas R. Fall Washougal R. Fall Lewis R. Bright LFR
e N = o~ -
© =
o - -
2 e 1Ll oty
E T o~ A
EV ST T T T T T | BN B BN B BN BN N B rvs..rr. v r.r1
3 1875 1985 1985 2005 2015 1875 1985 1985 2005 2015 1875 1885 1885 2005 2015
Sandy R. LFR Up. Cowlitz R. Spring Kalama R. Spring
- ~ = -
o - I v 3 I i I
I I I I I I I I I I ] T T ] I I I T I T T T T I I I T
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
Sandy R. Spring Low. Gorge Tribs. Fall Up. Gorge Tribs. Fall
™ = N - -
o 4 L o - ‘.L -1 ‘“
b Bl /o Pams Gy e e e (| YT T T T T [ S N P N Sa Ea o
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
Big White Salmon R. Fall Big White Salmon R. Spring
o~
o -q - .
o ?

Figure 53. Trends in population productivity, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢ - 4). Spawning
years on x-axis.
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Table 29. Fifteen-year trends (slope) in log natural spawner abundance computed from a linear
regression applied to the smoothed natural spawner log abundance estimate vs. year. In
parentheses are the upper and lower 95% Cls. Only populations with at least 4 wild spawner
estimates and with at least 2 data points in the first 5 years and last 5 years of the 15-year ranges

are shown.
Population MPG 1990-2005 2004-2019
Kalama River SP Spring-run Cascade — -0.05 (-0.09,-0.01)
Grays River Tule FA Fall-run Coastal — 0.12 (0.08,0.15)
Clatskanie River FA Fall-run Coastal — -0.16 (-0.23,-0.09)
Sandy River Bright LFR  Late fall-run Cascade 0.01 (-0.05, 0.07) —

Table 30. Five-year mean of fraction natural-origin spawners (sum of all estimates divided by the
number of estimates) for Lower Columbia River Chinook salmon ESU populations. A value only
in parentheses means that a total spawner count was available but no or only one estimate of
natural spawners available. Blanks mean no estimate available in that 5-year range.

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19
Upper Cowlitz/Cispus Spring-run Cascade _ . o

Rivers SP 0.08 0.06
Kalama River SP Spring-run Cascade — — — 1.00 1.00
North Fork Lewis River SP Spring-run Cascade — — — — —
Sandy River SP Spring-run Cascade _ o _ 0.89 0.92
Big White Salmon River SP Spring-run Gorge _ _ _ 0.13 0.18
Grays River Tule FA Fall-run Coastal — — 0.36 0.22 0.43
Youngs Bay FA Fall-run Coastal — — — 0.04 0.14
Big Creek FA Fall-run Coastal — 0.03 0.04
Elochoman River/ Fall-run Coastal

Skamokawa Tule FA - - - 0.17 0.45
Clatskanie River FA Fall-run Coastal — 0.10 0.19 0.09 0.05
Mill/Abernathy/Germany Fall-run Coastal

Creeks Tule FA — — — 0.11 0.22
Lower Cowlitz River Fall-run Cascade

Tule FA — — — 0.70 0.77
Coweeman River Tule FA Fall-run Cascade — — — 0.82 0.91
Toutle River Tule FA Fall-run Cascade — — — 0.31 0.55
Upper Cowlitz River Fall-run Cascade

Tule FA — — — 0.35 0.82
Kalama River Tule FA Fall-run Cascade — — — 0.08 0.57
Lewis River Tule FA Fall-run Cascade — — — 0.67 0.56
Clackamas River FA Fall-run Cascade — — — 0.60 0.68
Sandy River FA Fall-run Cascade — — — — —
Washougal River Tule FA Fall-run Cascade _ _ _ 0.30 0.58
Lower Gorge Tributaries Fall-run Gorge _ . _ 0.89 096

Tule FA ' ’
Upper Gorge Tributaries Fall-run Gorge . . _

Tule FA 0.40 0.58
Big White Salmon River  Fall-run Gorge _ _ _ 0.80 057

Tule FA
Lewis River Bright LFR  Late fall-run Cascade — — — 1.00 1.00
Sandy River Bright LFR  Late fall-run Cascade 0.24 0.24 0.24 — —
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Fall-run Gorge MPG

Many of the populations in this MPG have limited spawning habitat available, either because
of inundation of historical habitat in the upper gorge or the loss of access. Natural-origin
returns for most populations are in the hundreds of fish, with decreases in abundance noted
for those populations for which we have abundance estimates (Figure 52). The removal of
Condit Dam in 2011 has restored access to spawning habitat for both fall- and spring-run
Chinook salmon; fall-run (tule) Chinook salmon appear to be reestablishing themselves, while
spring-run recolonization has been very limited (LCFRB 2020). Recent five-year geomean
for the Big White Salmon River was 282, a 63% decline in abundance (Table 28). Chinook
salmon estimates on the Oregon side of the Fall-run Gorge MPG have been attempted in the
Hood River; however, GRTS criteria have not been met and population estimates are not
available after 2007. Escapement to the other smaller tributaries is thought to be very low,
and hatchery contribution high. Resolution of the temporal distribution of fall- and late fall-
run Chinook salmon in the Sandy River is needed to determine the overall risk of this MPG.

Late fall-run Cascade MPG

The Lewis River Bright DIP in this MPG is likely the most viable in this ESU. The Lewis
River Bright DIP has the largest natural-origin abundance in the ESU (8,725), and although
the short-term abundance trend is negative, there is a stable long-term trend (Table 28).
Merwin Dam, on the North Fork Lewis River, limits the amount of available spawning
habitat for late fall-run Chinook salmon, but also controls flows and temperatures. The
Sandy River late fall run is no longer directly monitored; the most recent estimate was

373 spawners in 2010 (Takata 2011). Instead, abundance estimates for Sandy River fall-run
and late fall-run Chinook salmon are combined by ODFW into a single Sandy River fall-run
data series, which increased during the recent review period (five-year geomean = 2,074,

a 76% increase). Both the Lewis River and Sandy River late fall runs maintain their
abundances without supplementation. Although there is some uncertainty in the status of
Sandy River late fall-run Chinook salmon, this MPG appears to be at a relatively low risk.

Harvest

Lower Columbia River Chinook salmon include populations representing three distinct life-
history components: spring-run, fall-run, and late fall-run Chinook salmon. These different
components are subject to different in-river fisheries (mainstem and tributary) because of
differences in river entry timing, but share relatively similar ocean distributions. Harvest
rates for populations with different run timings share similar exploitation rate patterns,
but differ in absolute harvest rates. With a run timing, tributary-specific harvest rates may
differ. All populations saw a drop in exploitation rates in the early 1990s in response to
decreases in abundance. There has been a modest increase since then (Figure 54). Ocean
fishery impact rates have been relatively stable in the past few years, with the exception of
the bright (late fall) component of the ESU.
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Figure 54. Total exploitation rates on the three components of the Lower Columbia River Chinook
salmon ESU. Data for tule (fall-run) Chinook salmon from exploitation rate analysis of
aggregate tule stock made up of tag codes from the Big Creek, Cowlitz River, Kalama River, and
Washougal River hatcheries. Data for late fall-run Chinook salmon from the CTC exploitation
rate analysis for Lewis River Bright late fall-run. Data for spring-run Chinook salmon from CTC
model calibration 1503 for Willamette River spring-run Chinook salmon for ocean impacts and
TAC run reconstruction data for in-river impacts, using an aggregate of Cowlitz River, Kalama
River, Lewis River, and Sandy River spring-run Chinook salmon (ODFW and WDFW 2020a,b).

Spatial structure and diversity

Hatcheries

During the interim since the 2015 status review update, there have been a number of
changes in both the quality and quantity of hatchery production in the lower Columbia River.
Foremost among these is a reduction in the production of fall-run Chinook salmon from
Mitchell Act hatcheries below Bonneville Dam (NMFS 2017a)—specifically, a reduction in

or termination of fall-run Chinook salmon programs in Big Creek, Deep River, Kalama River,
and Washougal River. These reductions in fall-run Chinook salmon releases in the Coastal
(Figure 55) and Cascade strata (Figure 56) have been offset by increases in fall-run Chinook
salmon in the Gorge stratum (Figure 57). Additionally, broodstock sources for Mitchell Act
hatcheries are required to come from within-stratum/MPG sources by 2022 (NMFS 2017a).

The Hatchery Science Review Group (HSRG 2009) identified the use of out-of-basin

stocks in Select Area Fishery Evaluation (SAFE) areas in the lower Columbia River as a
concern, especially in light of the high level of straying onto nearby spawning grounds.
Approximately 400,000 out-of-ESU Rogue River bright (RRB) fall-run Chinook salmon are
currently being released into Youngs Bay, creating a potential for interaction with natural-
origin fall-run juveniles and adults (Figure 55). In the past, naturally produced juvenile
Rogue River Chinook salmon and RRB x LCR fall-run Chinook salmon juvenile hybrids have
been detected in nearby tributaries on the Washington State side of the lower Columbia
River (Marshall 1997). Naturalized and hatchery-origin RRB fall-run Chinook salmon have
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Figure 55. Annual releases of Chinook salmon juveniles into the Coastal stratum of the Lower Columbia
River Chinook salmon ESU, 1995-2019. In and Out indicate whether the source of the release
originally came from within or outside of the ESU. Releases of fish weighing less than 2.5 g were
removed. Data from the Regional Mark Information System (https://www.rmpc.org, April 2020).

also been recovered during spawning surveys in the Grays River (Rawding et al.2014),
although many first-generation hatchery-origin fish were removed at the weir on the
Grays River. Releases of out-of-ESU upper Willamette River spring-run Chinook salmon
into Oregon tributaries near the mouth of the Columbia River may not pose a long-term
genetic risk, due to the absence of spring-run spawning habitat in the Coastal stratum,
but may pose a risk to natural-origin juveniles due to competition and predation. There is
also the potential for the incidental take or hooking mortality of natural-origin fish in the
targeted fisheries in the SAFE zone. The continued large-scale release of both native and
non-native Chinook salmon hatchery stocks into the Youngs Bay and Big Creek DIPs will
likely constrain the recovery of these populations, which are currently identified as only
“secondary populations” in the recovery plan.

Releases of Chinook salmon into the Cascade stratum have been relatively stable in recent
years. There have been some reductions in the number of fall-run Chinook salmon in an
effort to decrease the contribution of hatchery-origin fish to naturally spawning adults.
Spring-run Chinook salmon production has continued, in part, due to the inaccessibility

of historical spring-run spawning and rearing habitat. The termination of the non-native
late fall-run Chinook salmon below Bonneville Dam has decreased the risk of introgression
between native natural- and hatchery-origin fish.
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Figure 56. Annual releases of Chinook salmon juveniles into the Cascade stratum of the Lower
Columbia River Chinook salmon ESU, 1995-2019. In and Out indicate whether the source of the
release originally came from within or outside of the ESU. Late fall Out releases were primarily
of upriver bright stocks, and spring Out releases primarily represented sources from the Upper
Willamette River ESU. Releases of fish weighing less than 2.5 g were removed. Data from the
Regional Mark Information System (https://www.rmpc.org, April 2020).

Hatchery production in the Gorge stratum has focused on the production of fall-run Chinook
salmon from Spring Creek National Fish Hatchery (NFH), which decreased during the 2015-19
period. The release of several million non-native upriver (late fall) brights has continued,

as has the release of non-native Carson Hatchery spring-run Chinook salmon. It was noted
that large numbers of feral and hatchery-origin upriver brights were observed spawning in
the Big White Salmon River (LCFRB 2020). Similarly, late fall-run Chinook salmon (upriver
brights) are also observed spawning in large numbers (1,000+) below Bonneville Dam, near
Ives Island. These large feral populations are a diversity risk to native fall-run populations.

Reductions in the potential influence of hatchery-origin fish in lower Columbia River
tributaries are also being implemented via the operation of weirs in a number of basins in both
Washington and Oregon in order to remove hatchery-origin Chinook salmon before they can
spawn naturally (Whitman et al. 2017, Wilson et al. 2019). At the same time, the release of non-
native (out-of-ESU) hatchery-origin fish continues in a number of locales. Overall, the potential
risk from hatchery operations to diversity has diminished somewhat during this period.
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Figure 57. Annual releases of Chinook salmon juveniles into the Gorge stratum of the Lower
Columbia River Chinook salmon ESU, 1995-2019. In and Out indicate whether the source of the
release originally came from within or outside of the ESU. Late fall Out releases were primarily
of upriver bright stocks, and spring Out releases were primarily sources from Carson Hatchery,
Klickitat Hatchery, and the Deschutes River (Klickitat River spring-run Chinook salmon are
included in the identified but not listed Middle Columbia River spring-run Chinook salmon ESU
and released into the Gorge stratum). Releases of fish weighing less than 2.5 g were removed.
Data from the Regional Mark Information System (https://www.rmpc.org, April 2020).

Spatial structure

There have been a number of large-scale efforts to improve accessibility, one of the primary
metrics for spatial structure, in this ESU. Passage efforts on the Cowlitz River at Cowlitz
Falls began in 1996 for Chinook salmon and other salmonids. There have been a number of
structural and operational changes in the collection protocol for out-migrating juveniles
(Serl and Morrill 2010), with collection efficiencies averaging 28.8% for Chinook salmon
during 2006-09. More recently, the installation of a new collection structure at Cowlitz Falls
Dam appears to provide improved collection efficiency and survival: 78.7% fish passage
survival for Chinook salmon in 2019 (Rubenson et al. 2019). Adult returns in 2020 and 2021
will be the first opportunity to assess the benefit of these improvements. In addition, the
collection of juvenile fall-run Chinook salmon from the Tilton River at Mayfield Dam appears
to be relatively successful, with increasing numbers of fall-run Chinook salmon returning

in the last few years. Spring-run reintroductions are not planned for the Tilton River. The
sediment retention structure (SRS) remains an impediment to fish passage in the North
Fork Toutle River. Additionally, the existing Toutle Fish Collection Facility is limited in its
capacity to attract fish for transport (LCFRB 2020). On the Hood River, Powerdale Dam was
removed in 2010, and while this dam previously allowed fish passage, removal of the dam is
thought to have eliminated passage delays and injuries. Condit Dam, on the White Salmon
River, was removed in 2011, providing access to previously inaccessible habitat. Spawner
surveys of the White Salmon River indicate that both hatchery-origin and unmarked
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Figure 58. Smoothed trend in the estimated fraction of the natural spawning Lower Columbia River
Chinook salmon population consisting of fish of natural origin. Points show the annual raw
estimates, where available.
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(presumed natural-origin) Chinook salmon are colonizing the newly accessible habitat
(LCFRB 2020). Fish passage operations for spring-run Chinook salmon (trap-and-haul)
were begun on the Lewis River in 2012, reestablishing access to historically occupied habitat
above Swift Dam (RKM 77.1). Few adults have been available for passage, and juvenile
passage efficiencies were initially poor for Chinook salmon, but recent modifications to the
collector at Swift Dam have shown improvements in efficiency (PacifiCorp 2020).

Once passage actions are undertaken, it may still take several years for the benefits to become
evident. For example, the removal of Marmot Dam in 2007 and the Little Sandy River diversion
dam in 2008 have clearly demonstrated improvement in the abundance of spring-run Chinook
salmon returning to the Sandy River during this most recent period. Still, several programs

continue to improve their operations and may achieve fish collection efficiencies suitable to
support sustainable populations in previously inaccessible habitat sometime in the near future
(5-10 years). In addition to these large-scale efforts, there have been a number of recovery

actions throughout the ESU to remove or improve thousands of sub-standard culverts and other
small-scale passage barriers, as well as breaching dikes to provide access to juvenile habitat.

Although the spatial structure contribution to Lower Columbia River Chinook salmon
ESU viability has improved during the current review period (2015-19), effective access to
upstream habitat in the Cowlitz and Lewis River basins remains the major limitation.

Biological status relative to recovery goals

Of the 32 DIPs in this ESU, seven are at or near the recovery viability goals (Table 31) set

in the recovery plan (Dornbusch 2013). The seven DIPs included one spring-run, five fall-
run, and one late fall-run DIP. Six of these seven DIPs were located in the Cascade stratum;
most of the populations in the Coastal and Gorge strata are doing rather poorly. Many of the
remaining populations still require substantial improvements in abundance to reach their
viability goals. The estimated proportion of hatchery-origin spawners was well in excess of
the limits set in the recovery plan for many of the primary populations (Dornbusch 2013).
Of greater concern was the large number of DIPs (ten) that either had no abundance
information (presumed near zero) or exist at very low abundances. All of the Fall-run
Coastal and Fall-run Gorge MPG populations (except the Lower Gorge Tributaries Tule DIP)
likely fell within the “high” to “very high” risk categories. Similarly, with the exception of the
Sandy River spring-run DIP, all of the spring-run DIPs in the Cascade and Gorge MPGs are
at “high” to “very high” risk categories, with a number of populations at or near zero, while
others may only persist through hatchery supplementation. The Fall-run Cascade MPG
contains a number of populations above or near their recovery goals, while the Late fall-run
Cascade MPG may be near viability—although there is some uncertainty in the abundance
estimates for the Sandy-River Bright late fall-run DIP.

Some populations met the hatchery contribution criteria for primary or contributing
populations established by the HSRG (2009) during the 2015-19 period, although other
populations did not meet the criteria but did improve in the proportion of natural-origin
spawners. Among these were the Coweeman River Tule fall, Lewis River Bright late fall, and
Lewis River Tule fall runs. No criteria were established for stabilizing populations. Thus,
only one MPG may have met its viability goals, with most other MPGs far from theirs.
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Table 31. Current 5-year geometric mean of raw natural-origin spawner abundances and recovery
targets (Dornbusch 2013) for Lower Columbia River Chinook salmon demographically
independent populations (DIPs). Numbers in parentheses represent total (hatchery- and
natural-origin) spawners. Colors indicate the relative proportion of the recovery target currently
obtained: red = <10%, orange =10% > x < 50%, yellow =50% > x <100%), green = >100%.

Abundance
Stratum  Population 2015-19 Target
Coastal Grays River Tule FA (WA) 1,000
Youngs Bay FA (OR) 505
Big Creek FA (OR) 577
Elochoman River/Skamokawa Tule FA (WA) 1,500
Clatskanie River FA (OR) 1,277
Mill/Abernathy/Germany Creeks Tule FA (WA) 900
Scappoose Creek FA (OR) 1,222
Cascade Upper Cowlitz/Cispus Rivers SP (WA) 1,800
Kalama River SP (WA) 300
North Fork Lewis River SP (WA) 1,500
Sandy River SP (OR) 1,230
Toutle River SP (WA) 1,100
Cispus River SP (WA) 1,800
Tilton River SP (WA) 100
Lower Cowlitz River Tule FA (WA) 3,000
Coweeman River Tule FA (WA) 900
Toutle River Tule FA (WA) 4,000
Upper Cowlitz River Tule FA (WA) n/a
Kalama River Tule FA (WA) 500
Lewis River Tule FA (WA) 1,500
Clackamas River FA (OR) 1,551
Sandy River FA (OR) 1,031
Washougal River Tule FA (WA) 1,200
Salmon Creek FA (WA) n/a
Lewis River Bright LFR (WA) 7,300
Sandy River Bright LFR (OR) 3,561
Gorge Big White Salmon River SP (WA) 500
Hood River SP (OR) 1,493
Lower Gorge Tributaries Tule FA (WA & OR) 1,200
Upper Gorge Tributaries Tule FA (WA & OR) 1,200
Big White Salmon River Tule FA (WA) 500

Hood River FA (OR) 1,245

F
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Updated biological risk summary

Overall, there has been modest change since the last status review in the biological status of
Chinook salmon populations in the Lower Columbia River Chinook salmon ESU (NWFSC 2015),
although some populations did exhibit marked improvements (Figure 52). Increases in
abundance were noted in about half of the fall-run populations, and in 75% of the spring-
run populations for which data were available. Decreases in hatchery contribution were
also noted for several populations. Relative to baseline VSP levels identified in the recovery
plan (Dornbusch 2013), there has been an overall improvement in the status of a number of
fall-run populations (Table 28), although most are still far from the recovery plan goals.

Improved fall-run status reflects both changes in biological status and improved
monitoring. Spring-run Chinook salmon populations in this ESU are generally unchanged;
most of the populations are at a “high” or “very high” risk due to low abundances and the
high proportion of hatchery-origin fish spawning naturally. In contrast, the spring-run
Chinook salmon DIP in the Sandy River has a five-year average of 3,359, nearly double

the previous five-year average. This appears to be due, in part, to the removal of Marmot
Dam (eliminating migrational delays and passage injuries) and the diversion dam on the
Little Sandy River (restoring access and flow to historical habitat). Elsewhere in the ESU,
many of the spring-run populations rely upon passage programs at high-head dams, and
downstream juvenile collection efficiencies are still too low to maintain self-sustaining
natural runs. Limited numbers of naturally produced spring-run fish return to the Cowlitz
and Cispus Rivers (no spring-run fish are transported into the Tilton River basin), and
the status of spring-run Chinook salmon in the Toutle River basin remains unclear. The
removal of Condit Dam on the White Salmon River has provided an opportunity for the
reestablishment of naturally spawning fall- and spring-run populations with volitional
access to historical spawning grounds. The status of spring-run Chinook salmon in the
Hood River is unclear; with the removal of Powerdale Dam, there is minimal monitoring
in the basin and the abundance and genetic composition of returning spring-run Chinook
salmon is unknown. It remains to be determined if any native spring-run Chinook salmon
remain, or if they have been supplanted by those from the Deschutes River (Middle
Columbia River spring-run Chinook salmon ESU).

Many of the populations in this ESU remain at “high risk,” with low natural-origin abundance
levels. Hatchery contributions remain high for a number of populations, and it is likely that
many returning unmarked adults are the progeny of hatchery-origin parents, especially
where large hatchery programs operate. While overall hatchery production has been
reduced slightly, hatchery-produced fish still represent a majority of fish returning to the
ESU. The continued release of out-of-ESU stocks, including upriver bright fall-run, RRB fall-
run, upper Willamette River spring-run, Carson Hatchery spring-run, and Deschutes River
spring-run, remains a concern. Harvest rates are a potential concern, especially for low-
abundance tule fall-run populations. There have been a number of notable efforts to restore
migratory access to areas upstream of dams, but until efforts to improve juvenile passage
systems bear fruition, it is unlikely that there will be significant improvements in the status
of many spring-run populations. Alternatively, dam removals (Condit Dam, Marmot Dam, and
Powerdale Dam) not only improve/provide access, but allow the restoration of hydrological
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processes that may improve downstream habitat conditions. Continued land development
and habitat degradation, in combination with the potential effects of climate change, may
present a continuing strong negative influence into the foreseeable future. Finally, although
many of the populations in this ESU are at “high” risk, it is important to note that poor ocean
and freshwater conditions existed during the 2015-19 period and, despite these conditions,
the status of a number of populations improved, some remarkably so (Grays River Tule,
Lower Cowlitz River Tule, and Kalama River Tule fall runs). Overall, we conclude that the
viability of the Lower Columbia River Chinook salmon ESU has increased somewhat since
the last status review, although the ESU remains at “moderate” risk of extinction.

Lower Columbia River Coho Salmon ESU

Brief description of ESU

Lower Columbia River coho salmon were identified as an ESU and listed as threatened in
2005. The listing included a redelineation to incorporate tributaries in the Coastal major
population group (MPG) in southwestern Washington. This ESU includes all naturally
spawned populations of coho salmon in the Columbia River and its tributaries in Washington
and Oregon, from the mouth of the Columbia River up to and including the Big White Salmon
and Hood Rivers, and includes the Willamette River to Willamette Falls, Oregon, as well

as multiple artificial propagation programs (Figure 59; USOFR 2020). Myers et al. (2006)
identified three MPGs (Coastal, Cascade, and Gorge), containing a total of 24 demographically
independent populations (DIPs), in the Lower Columbia River coho salmon ESU.
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Figure 59. Map of the Lower Columbia River coho salmon ESU’s spawning and rearing areas,
illustrating demographically independent populations (DIPs) and major population groups
(MPGs). Areas that are accessible (green), accessible only via trap-and-haul programs (yellow),
or blocked (cross-hatched) are indicated accordingly.
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Summary of previous status conclusions

2005

NMFS reviewed the status of the Lower Columbia River coho salmon ESU in 1996, 2001,
and again in 2005. In the 2001 review, the BRT was concerned that the vast majority (over
90%) of historical populations in the Lower Columbia River coho salmon ESU appeared to
be either extirpated or nearly so. The two populations with significant production (Sandy
and Clackamas Rivers) were at appreciable risk because of low abundance, declining
trends, and failure to respond after a dramatic reduction in harvest. The large number of
hatchery coho salmon in the ESU was also considered an important risk factor. The majority
of the 2001 BRT votes were for “at risk of extinction,” with a substantial minority for
“likely to become endangered.” As a result of the 2001 BRT review, the ESU was identified
as a “candidate species,” but not listed under the ESA as threatened or endangered. An
updated status evaluation was conducted in 2005, also with a majority of BRT votes for “at
risk of extinction” and a substantial minority for “likely to become endangered.” This BRT
evaluation resulted in a “threatened” determination in 2005.

2010

Ford et al. (2011) noted that three status evaluations of Lower Columbia River coho salmon, all
based on WLC-TRT criteria, had been conducted since the prior BRT status update in 2005.
All three evaluations concluded that the ESU was currently at “very high risk” of extinction.
Of the 24 historical populations in the ESU, 21 were considered “very high risk.” The
remaining three (Sandy, Clackamas, and Scappoose Rivers) were considered to be at “high”
to “moderate” risk. All of the populations to the north of the Columbia River (in Washington
State) were considered “very high risk,” although uncertainty was high because of a lack of
adult spawner surveys. As was noted in the 2005 BRT evaluation, smolt traps indicated some
natural production in Washington populations, though, given the high fraction of hatchery-
origin spawners thought to occur in these populations, it was not clear that any were truly
self-sustaining. Overall, the new information that was considered in 2010 did not indicate a
change in the biological risk category since the time of the prior BRT status review in 2005.

In 2010, the ESU Boundaries Review Group (see the ESU Boundaries section in Ford et

al. 2011) undertook a reevaluation of the boundary between all lower and middle Columbia
River ESUs and DPSes. The review’s conclusions emphasized the transitional nature of

the boundary between the lower and the middle Columbia River ESUs. The original Lower
Columbia River coho salmon ESU boundary was assigned based largely on extrapolation
from information about the boundaries for Chinook salmon and steelhead. The ESU
Boundaries Review Group concluded: “It is therefore reasonable to assign the Klickitat
population to the lower Columbia coho ESU. This would establish a common boundary for
Chinook salmon, coho salmon, chum salmon, and steelhead at the Celilo Falls (Dalles Dam)”
(p-28). To date, this recommendation has not been officially implemented; therefore, the
current status review will utilize preexisting ESU boundaries.
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2015

The 2015 status review reported improvements in coho salmon abundance, productivity,
spatial structure, and diversity; however, this appeared mostly to be due to the improved
level of monitoring (more complete accounting) rather than a true change in status over
time (NWFSC 2015). In the absence of specific abundance and diversity data, previous
status reviews had concluded that hatchery-origin fish dominated many of the coho
populations in the Lower Columbia River coho salmon ESU and that there was little natural
productivity. Recovery efforts likely also contributed to the observed increases in natural
production, but in the absence of longer-term datasets, it was not possible to parse out
these effects. Populations with longer-term data sets exhibited either stable or slightly
positive abundance trends. Juvenile passage facilities at Cowlitz Falls, Merwin Dam (Lewis
River), and North Fork Dam (Clackamas River) were being improved and had the potential
to provide upstream populations with better access to high-quality habitat. These and other
recovery efforts were thought to likely improve the status of a number of coho salmon
DIPs; abundances, however, remained at low levels and the majority of the DIPs were at
“moderate” or “high” risk. For the lower Columbia River region, land development and
increasing human population pressures continued to degrade habitat, especially in lowland
areas. Although populations in this ESU were generally improved, especially in the 2013-14
and 2014-15 return years, poor ocean conditions foreshadowed declines in the upcoming
return years. This ESU was considered to be at “moderate” risk of extinction.

Description of new data available for this review

Efforts to standardize and expand monitoring efforts have resulted in abundance time
series for a number of populations in this ESU. Guidance provided by Crawford and
Rumsey (2011) emphasized the need for a common set of population parameters that
could be used to evaluate VSP criteria across all populations. In 2010, WDFW expanded
their efforts to survey Chinook and coho salmon in the lower Columbia River, specifically
focusing on data appropriate for evaluating VSP criteria (Rawding et al. 2014). Monitoring
efforts cover all of the coho salmon populations in the lower Columbia River, with limited
monitoring in the Youngs Bay and Washington Upper Gorge Tributaries populations
(Rawding and Rodgers 2013). These data included: abundance, proportion hatchery-origin
spawners, age, and sex. Similar efforts have been undertaken by ODFW to more uniformly
undertake spawner surveys across the Oregon coast and lower Columbia River through
their Oregon Adult Salmonid Inventory and Sampling (OASIS) project. Methodologies
include expansions of index reach redd counts, tributary weir counts, mark/recapture
surveys, and hatchery trap, dam trap, and dam ladder counts.
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Abundance and productivity

Coastal MPG

Both short- and long-term trends for almost all coho salmon populations were negative
during the 2015-19 review period for six of the seven Coastal MPG populations that were
analyzed (Table 32). Only the Mill/Abernathy/Germany DIP abundance was stable, with a
five-year geomean of 685. Negative trends were heavily biased by the strong adult return in
2014 and the poor return in 2015. In the absence of data from these two markedly different
years, the trends would likely be largely flat (Figure 60). Average natural-origin abundances
were in the hundreds of fish, with the exception of the Youngs Bay and likely Big Creek DIPs,
which are not monitored except at the hatchery racks. Given the propensity of coho salmon
to spawn in smaller tributaries and the year-long freshwater residence of juveniles, the
poor freshwater conditions during this period likely affected coho salmon in the Coastal
MPG more than in the larger rivers of the Cascade MPG.

Cascade MPG

As with the Coastal MPG, coho salmon populations in the Cascade MPG experienced a
marked decline in abundance following the “boom” year of 2014. The five-year geometric
means for these populations were in the high hundreds to low thousands, with the
exception of the Kalama River and Washougal River DIPs. Population trends were strongly
negative, with the exception of the small Kalama River and Salmon Creek populations.

The Salmon Creek DIP experienced a slight decline in five-year geometric abundance

(4% decline), but maintains a relatively high absolute abundance for a relatively small basin
with a five-year geomean of 1,546 (Table 32). Population trends were certainly affected by
the very poor spawner counts in 2015. Longer-term, 15-year average trends were largely
stable (not significantly different from zero), except for the Upper Cowlitz/Cispus Rivers
group (two combined DIPs), which was slightly negative.

The Clackamas River was one of the two populations identified in the original 1996 status
review that appeared to be self-sustaining natural populations. While recent returns of
unmarked fish to the Clackamas River have shown a marked decline since the 2014-15
record return year, when 10,670 spawners were counted, the 21% decline is one of the
smallest in the MPG. The long-term (15-year) trend for this population is slightly positive
(Table 33), and the current five-year geomean of 2,889 is still the largest abundance in the
ESU (Table 32). Improvements in juvenile downstream passage at dams on the Clackamas
River may have counterbalanced the poor environmental conditions. Improvements in
juvenile collection at Cowlitz Falls have occurred too recently to be reflected in natural
spawner numbers. The six populations in the Cowlitz River basin account for the majority
of naturally spawning coho salmon in the MPG, with the Lower Cowlitz River late coho
salmon DIP five-year geomean of 2,622. In the Cowlitz River basin, those coho salmon
populations that relied on dam passage programs (Upper Cowlitz/Cispus Rivers and Tilton
River) exhibited a greater decline relative to those populations located below the high-head
dams (Lower Cowlitz River, North and South Fork Toutle rivers, and Coweeman River). The
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Table 32. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count times
the fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner
counts is shown. A value only in parentheses means that a total spawner count was available but no or only
1 estimate of wild spawners available. The geometric mean was computed as the product of counts raised
to the power 1 over the number of counts available (2 to 5). A minimum of 2 values were used to compute
the geometric mean. Percent change between the 2 most recent 5-year periods is shown on the far right.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change

Grays/Chinook Rivers Coastal — — — — 412 (1,644) 212 (843) -49 (-49)
(late)

Youngs Bay (late) Coastal — — (41) (12) (18) (14) (-22)

Big Creek (late) Coastal — — (117) (249) (251) (122) (-51)

Elochoman River (late)  Coastal — — — — 738 (1,478) 558 (874) -24 (-41)

Clatskanie River (late) Coastal — — 335 (364) 745 (771) 1,262 (1,343) 199 (286) -84 (-79)

Mill/Abernathy/Germany Coastal — — — — 684 (766) 685 (767) 0(0)
Creeks (late)

Scappoose River (late) Coastal — — 502 (535) 464 (469) 717 (717) 448 (454) -38(-37)

Lower Cowlitz River Cascade — — — — 5,243 (5,934) 2,622 (3,102) -50 (-48)
(late)

Coweeman River (late)  Cascade — — — — 3,185 (3,502) 1,987 (2,241) -38(-36)

North Fork Toutle River =~ Cascade — — — — 1,480 (2,174) 819 (1,502) -45 (-31)
(early & late)

South Fork Toutle River ~ Cascade — — — — 2,199 (2,605) 1,075 (1,407) -51 (-46)
(early & late)

Upper Cowlitz/Cispus Cascade — 0(6,090) 4,065 (37,862) 5,119 (20,256) 1,093 (13,886) 631 (4,370) -42 (-69)
Rivers (early & late)

Tilton River (early & Cascade — 1,756 (3,451) 967 (13,414) 995 (3,573) 2,362 (6,773) 1,932 (4,187) -18 (-38)
late)

Kalama River (late) Cascade — — — — 15 (328) 43 (180) 187 (-45)

North Fork Lewis River ~ Cascade — — — — 1,350 (2,954) 1,275 (6,692) -6 (127)
(early & late)

East Fork Lewis River Cascade — — — — 1,850 (2,126) 686 (1,041) -63 (-51)
(early & late)

Salmon Creek (late) Cascade — — — — 1,614 (1,654) 1,546 (1,648) -4 (0)

Clackamas River (early  Cascade 1,816 (2,787) 502 (768) 2,891 (4,497) 2,995(5,118) 3,645 (4,174) 2,889 (3,226) -21(-23)
& late)

Sandy River (early & Cascade — — — 1,094 (1,170) 1,708 (1,851) 854 (889) -50 (-52)
late)

Washougal River (late)  Cascade — — — — 478 (763) 174 (694) -64 (-9)

Hood River (early) Gorge — — — 273 (471) 183 (751) 29 (64) -84 (-91)

Washington Upper Gorge Gorge — — — 53(72) 39 (53) 45 (60) 15 (13)

Tributaries/White
Salmon River (late)

populations above dams on the Cowlitz River, the North Fork Lewis River DIP, the Kalama

River DIP, and the Washougal River DIP also include large numbers of hatchery-origin

spawners, in excess of 70% of the total population. Otherwise, the proportion of hatchery-
origin spawners in most populations is generally less than 30%.

Within the recent five-year review period, improvements in ocean and freshwater
conditions likely influenced the upturn in abundance (Figure 60) and resulted in positive
productivity estimates for a number of populations (Figure 61).

This MPG contains most of the ESU’s large river basins and hosts the majority of the ESU’s

abundance.
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Figure 60. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot.
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Figure 61. Trends in Lower Columbia River coho salmon population productivity, estimated as
the log of the smoothed natural spawning abundance in year ¢ minus the smoothed natural
spawning abundance in year (¢t - 3).

Natural-origin abundances in this MPG are low; the two populations available (Hood River,
and Washington Upper Gorge Tributaries/White Salmon River) both had geomeans of less
than 50 (Table 32). Hatchery-origin fish contribute a large proportion of the total number

of spawners, most notably in the Hood River. The trend was strongly negative in the Hood
River and slightly positive in the White Salmon River. With the exception of the Hood and
White Salmon Rivers, much of the spawning habitat is in small independent tributaries to the
Columbia River and, in many cases, the accessibility is relatively poor. Monitoring has been
limited in the smaller tributaries in Gorge strata, and although insufficient data were available
for statistical analysis, it is important to note that natural-origin coho salmon were observed.



Table 33. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed natural spawner log abundance estimate. Only populations with at
least 4 natural spawner estimates from 1980 to 2014 are shown, and with at least 2 data points
in the first 5 years and last 5 years of the 15-year period.

Population MPG 1990-94 1995-99

Clatskanie River (late) Coastal — -0.04 (-0.09, 0.02)

Scappoose River (late) Coastal — 0.00 (-0.05, 0.05)

Upper Cowlitz/Cispus Cascade — -0.10 (-0.15, -0.05)
Rivers (early & late)

Tilton River (early & Cascade — 0.00 (-0.06, 0.05)
late)

Clackamas River (early  Cascade 0.04 (-0.05,0.13) 0.02 (-0.03,0.07)
& late)

Sandy River (early & Cascade — 0.01 (-0.03, 0.06)
late)

Hood River (early) Gorge — -0.09 (-0.14, -0.04)

Washington Upper Gorge Gorge — -0.04 (-0.09, 0.01)

Tributaries/White
Salmon River (late)
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Figure 62. Total exploitation rate on natural Lower Columbia River coho salmon. Data (2005-19)
from Table 34 of ODFW and WDFW (2020b).

Other populations

Not included in this ESU are coho salmon that migrate above Willamette Falls; 7,464 natural-
origin adult coho salmon were counted at the falls in 2019. Coho have not been planted in the
upper Willamette River basin since 1996, and it is believed that these fish are the progeny
of lower Columbia River-origin coho salmon (Myers et al. 2006, Keefer et al. 2018). Coho
salmon spawning mostly takes place in the westside tributaries to the upper Willamette River,
primarily the Tualatin River. We have also not included coho salmon migrating upstream

of The Dalles Dam or in the Klickitat River; these are almost entirely the progeny of fish
introduced into middle and upper Columbia and Snake River tributaries from lower Columbia
River hatchery populations. In 2019, 38,742 adult coho salmon were counted at The Dalles
Dam, including both hatchery-origin releases in the interior Columbia River basin and the
progeny of naturally spawning fish. In both cases, these fish are spawning outside of the
historical boundaries of the Lower Columbia River coho salmon ESU. Historically, coho salmon
populations existed above The Dalles Dam, but were extirpated during the last century.

137



Harvest

Lower Columbia River coho salmon are part of the Oregon Production Index (OPI), and are
harvested in ocean fisheries primarily off the coasts of Oregon and Washington, with some
harvest that historically occurred off of the west coast of Vancouver Island (WCVI). Canadian
coho salmon fisheries were severely restricted in the 1990s to protect upper Fraser River
coho salmon, and have remained so ever since. Ocean fisheries off California were closed to
coho salmon retention in 1993 and have remained closed ever since. Ocean fisheries for coho
salmon off of Oregon and Washington were dramatically reduced in 1993 in response to the
depressed status of Oregon coast natural coho and subsequent listing, and moved to mark-
selective fishing beginning in 1999. Lower Columbia River coho salmon benefitted from

the more restrictive management of ocean fisheries. Overall exploitation rates regularly
exceeded 80% in the 1980s, but have remained below 30% since 1993 (Figure 62). In addition,
freshwater fisheries impacts on naturally produced coho salmon have been markedly reduced
through the implementation of mark-selective fisheries. More recently, NMFS ESA guidance
for the harvest of lower Columbia River natural (LCN) coho salmon in marine and mainstem
Columbia River fisheries is based on a matrix describing parent escapement levels for multiple
populations and the observed Columbia River OPI smolt-to-jack survival rate. For example,
based on this matrix, the total allowable marine and mainstem Columbia River exploitation
rate for LCN coho salmon in 2019 fisheries would be no more than 23.0% (PFMC 2019).

Spatial structure and diversity

Hatcheries

Hatchery releases have remained relatively steady at 10-17 million since the 2005 BRT
report, with approximately 14 million coho salmon juveniles released in 2019. Many of

the populations in the ESU contain a substantial number of hatchery-origin spawners.
Production has been shifted into localized areas (e.g., Youngs Bay, Big Creek, and Deep
Creek) in order to reduce the influence of hatchery fish in other nearby populations
(Scappoose and Clatskanie Rivers; Figure 64). There were no spawner surveys conducted
in the Youngs Bay or Big Creek DIPs, but it can be assumed that the proportion of natural
spawners is very low. Hatchery influence is also relatively high in the Grays River, with a
recent decline in fraction natural (Table 34, Figure 63). The influence of hatchery programs
on naturally spawning fish has been reduced in a number of basins with the removal of
marked adults at weirs, but other basins indicate an increase in the proportion of hatchery
fish spawning naturally (Table 34), perhaps as a result of increased hatchery releases
(Figure 64). Mass marking of hatchery-released fish, in conjunction with expanded coho
salmon spawning surveys, has provided more accurate estimates of hatchery straying.

Integrated hatchery programs have been developed in a number of basins to limit the

loss of genetic diversity. The integrated program in the Cowlitz River was developed for
reintroductions into the upper Cowlitz River basin. Large-scale releases of these hatchery-origin
coho salmon adults into the upper Cowlitz, Cispus, and Tilton Rivers were used to recolonize
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Figure 63. Smoothed trend in the estimated fraction of the naturally spawning Lower Columbia
River coho salmon population consisting of fish of natural origin. Points show the annual raw
estimates, where available.

stream habitat above the mainstem dams. A segregated program exists for coho salmon
releases into the lower Cowlitz River. Overall, juvenile releases into the Cowlitz River basin were
reduced some 10 years ago, but have been fairly steady since then (Figure 65). A large integrated
program for Type N coho salmon has been ongoing in the Lewis River for over a decade, while
the Type S (early) coho salmon program in the Lewis River is operated as a segregated program.
Both early- and late-run hatchery-origin coho salmon are transported above Swift Dam in the
Lewis River to reestablish production in headwater areas (PacifiCorp 2020).
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Table 34. Five-year mean of fraction natural Lower Columbia River coho salmon spawners (sum of all
estimates divided by number of estimates). Blanks mean no estimate available in that 5-year range.

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19

Grays/Chinook Rivers Coastal - - - 0.37 0.27
(late)

Elochoman River (late)  Coastal - - - 0.53 0.65

Clatskanie River (late) Coastal - 0.93 0.97 0.94 0.76

Mill/Abernathy/Germany Coastal - - - 0.89 0.89
Creeks (late)

Scappoose River (late) Coastal - 0.94 0.99 1.00 0.99

Lower Cowlitz River Cascade - - - 0.88 0.85
(late)

Coweeman River (late)  Cascade - - - 0.91 0.89

North Fork Toutle River Cascade - - - 0.70 0.56
(early & late)

South Fork Toutle River Cascade - - - 0.84 0.79
(early & late)

Upper Cowlitz/Cispus Cascade 0.73 0.13 0.26 0.20 0.23
Rivers (early & late)

Tilton River (early & Cascade 0.64 0.07 0.29 0.38 0.48
late)

Kalama River (late) Cascade - - - 0.07 0.27

North Fork Lewis River ~ Cascade - - - 0.60 0.22
(early & late)

East Fork Lewis River Cascade - - - 0.87 0.68
(early & late)

Salmon Creek (late) Cascade - - - 0.98 0.94

Clackamas River (early  Cascade 0.65 0.67 0.64 0.88 0.90
& late)

Sandy River (early & Cascade - - 0.94 0.92 0.96
late)

Washougal River (late)  Cascade - - - 0.68 0.25

Hood River (early) Gorge - 0.40 0.58 0.25 0.48

Washington Upper Gorge Gorge - - 0.73 0.74 0.76

Tributaries/White
Salmon River (late)

Other hatchery programs in the Cascade MPG have releases less than 500,000; most operate
as integrated programs, except for the Kalama River Hatchery. Hatchery-origin spawners
contribute to escapement in a number of basins, substantially so in some basins, while the
Salmon Creek, Clackamas River, and Sandy River populations have hatchery-origin spawner
rates of less than 10% (Table 34).

Releases into the Gorge MPG have remained fairly steady at slightly over 3 million annually

(Figure 66). Natural production in this MPG is limited, and the influence of hatchery-origin
fish on the spawning grounds remains higher than in other regions (Table 34).
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Figure 64. Annual releases of juvenile coho salmon into the Coastal MPG of the Lower Columbia
River coho salmon ESU, 1995-2019. All releases were from sources within the ESU.
AGM = Abernathy/Germany/Mill Creeks. Releases of fish weighing <2.5 g are not included. Data
from the Regional Mark Information System (https://www.rmpc.org, April 2020).
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Figure 65. Annual releases of juvenile coho salmon into the Cascade MPG of the Lower Columbia
River coho salmon ESU, 1995-2019. All releases were from sources within the ESU. Releases
of fish weighing <2.5 g are not included. Data from the Regional Mark Information System
(https://www.rmpc.org, April 2020).
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Figure 66. Annual releases of juvenile coho salmon into the Gorge MPG of the Lower Columbia River
coho salmon ESU, 1995-2019. Upper Gorge releases include those from the Little White Salmon
NFH and Klickitat Hatchery. All releases were from sources within the ESU. Releases of fish
weighing <2.5 g are not included. Data from the Regional Mark Information System (https://
www.rmpc.org, April 2020).

Spatial structure

There have been a number of large-scale efforts to improve accessibility, one of the primary
metrics for spatial structure, in this ESU. On the Hood River, Powerdale Dam was removed
in 2010 and, while this dam previously provided fish passage, its removal is thought

to eliminate passage delays and injuries. Condit Dam, on the White Salmon River, was
removed in 2011, providing access to previously inaccessible habitat. Current monitoring
is limited, but screw trap results indicate that coho salmon are successfully spawning in
the White Salmon River (Jezorek and Hardiman 2018). Fish passage operations (trap-and-
haul) were begun on the Lewis River in 2012, reestablishing access to historically occupied
habitat above Swift Dam (RKM 77.1). Juvenile passage efficiencies were initially poor,

but have improved considerably, with the 2019 juvenile collection rate estimated at 64%
(PacifiCorp and PUDCC 2020). Nearly 150,000 juvenile coho salmon were produced and
collected from the upper North Fork Lewis River. Similarly, efforts to provide downstream
juvenile passage at the Cowlitz Dam complex collection sites began in the 1990s, and

since that time there have been a number of modifications in the facilities at Cowlitz Falls
Dam. Juvenile collection efficiency for coho salmon at the Cowlitz Falls facility in 2019 was
90.4% (Rubenson et al. 2019). Coho salmon from the Tilton River are collected separately
at Mayfield Dam. A trap-and-haul program also currently maintains access to the North
Toutle River above the SRS, with coho salmon and steelhead being passed above the dam
(Liedtke et al. 2013). This SRS transportation program relocates coho salmon into the
North Fork Toutle DIP; however, there are limited release sites and only a portion of the
upper watershed is accessible. Fish access to the upper Clackamas River basin continues to
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improve, with recent (2019) estimates for fish guidance efficiency of 94.1% at the North Fork
Dam (Ackerman and Pyper 2020). Improvements in juvenile collection on the Clackamas
River at Portland General Electric projects, with nearly 200,000 juvenile coho salmon
collected annually, are likely to result in increased abundances in the future under more
productive ocean conditions. On a more general basis, there have been a number of actions
throughout the ESU to remove or improve culverts and other small-scale passage barriers.

There have been incremental improvements in spatial structure during this review period,
but poor ocean and freshwater conditions have been such as to mask any benefits from
these activities. Similarly, fish passage at culverts has improved, with 132 km (79 mi) of
stream habitat being opened up in Washington State alone since 2015 (LCFRB 2020), but a
large number of small-scale fish barriers still remain to be upgraded or removed.

Biological status relative to recovery goals

In contrast to the previous status review update, which occurred at a time of near-record
returns for several populations, the ESU’s abundance has declined during the last five years.
Only six of the 23 populations for which we have data appear to be above their recovery
goals (Table 35). This includes the Youngs Bay and Big Creek DIPs, which have very low
recovery goals, and the Tilton River and Salmon Creek DIPs, which were not assigned
goals but have relatively high abundances. Of the remaining DIPs in the ESU, three are at
50-99% of their recovery goals, seven are at 10-50% of their recovery goals, and seven

are at <10% of their recovery goals (this includes the Lower Gorge DIP, for which there

are no data, but it is assumed that the abundance is low). Hatchery production has been
relatively stable, and the proportion of hatchery-origin fish on the spawning grounds has
increased for some populations and decreased for others. The transition from segregated
hatchery programs to integrated local broodstock programs should reduce the risks from
domestication and non-native introgression. Spatial structure has improved incrementally,
with improved passage programs at several major dams.

Updated biological risk summary

Overall abundance trends for the Lower Columbia River coho salmon ESU are generally
negative. Natural spawner and total abundances have decreased in almost all DIPs
(Figure 60), and Coastal and Gorge MPG populations are all at low levels, with significant
numbers of hatchery-origin coho salmon on the spawning grounds. Improvements

in spatial structure and diversity have been slight, and overshadowed by declines in
abundance and productivity. In light of the poor ocean and freshwater conditions that
occurred during much of this recent review period, it should be noted that some of

the populations exhibited resilience and only experienced relatively small declines in
abundance (Figure 60). Some populations were exhibiting positive productivity trends
during the last year of review, representing the return of the progeny from the 2016 adult
return (Figure 61). For individual populations, the risk of extinction spans the full range,
from “low” to “very high.” Overall, the Lower Columbia River coho salmon ESU remains at
“moderate” risk, and viability is largely unchanged from the prior status review.
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Table 35. Current 5-year geometric mean of raw natural-origin spawner abundances and recovery
targets (Dornbusch 2013) for Lower Columbia River coho salmon demographically independent
populations (DIPs). Numbers in parentheses represent total (hatchery- and natural-origin)
spawners. Colors indicate the relative proportion of the recovery target currently obtained:
red = <10%, orange =10% > x < 50%, yellow =50% > x <100%), green = >100%.

Abundance
Stratum  Population 2015-19 Target
Coastal Grays/Chinook River (WA) 685 1,800
Youngs Bay (OR) B R 3,208
Big Creek (OR) 2,622 3,700
Elochoman/Skamokawa (WA) _ 1,200
Clatskanie River (OR) I CH 1,900
Mill/Abernathy/Germany Creeks (WA) 1,075 1,900
Scappoose Creek (OR) 2,000
Cascade Lower Cowlitz River (WA) 2,000
Coweeman River (WA) n/a
North Fork Toutle River (WA) 500
South Fork Toutle River (WA) 500
Upper Cowlitz River (WA) 2,000
Cispus River (WA) n/a
Tilton River (WA) 11,232
Kalama River (WA) 5,685
North Fork Lewis River (WA) 1,500
East Fork Lewis River Tule (WA) 1,900
Salmon Creek (WA) 1,900
Clackamas River (OR) 5,162
Sandy River FA (OR) 1,031
Washougal River Tule FA (WA) 914 1,200
Gorge Lower Gorge Tributaries Tule FA (WA & OR) _ 1,200
Upper Gorge Tributaries Tule FA (WA & OR) 537 1,200
Hood River SP (OR) M

Lower Columbia River Steelhead DPS

Brief description of DPS

The DPS includes all naturally spawned anadromous 0. mykiss (steelhead) populations
below natural and manmade impassable barriers in streams and tributaries to the
Columbia River between the Cowlitz and Wind Rivers, Washington (inclusive), and

the lower Willamette and Hood rivers, Oregon (inclusive), as well as multiple artificial
propagation programs (USOFR 2020). Myers et al. (2006) identified 23 DIPs, including six
summer-run and 17 winter-run steelhead populations (Figure 67).
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Figure 67. Map of 23 winter and summer-run steelhead demographically independent populations
(DIPs) in the Lower Columbia River steelhead DPS. The DPS is separated into two MPGs:
Cascade and Gorge. Areas that are accessible (green), accessible only via trap-and-haul
programs (yellow), or blocked (cross-hatched), are indicated accordingly.

Summary of previous status conclusions

2005

In 2005, a large majority (73%) of the BRT votes for this DPS fell in the “likely to become
endangered” category, with small minorities falling in the “in danger of extinction” and

“not likely to become endangered” categories (Good et al. 2005). The BRT found moderate
risks in all the VSP categories. All of the major risk factors identified by previous BRTs still
remained. Most populations were at relatively low abundance, and those with adequate
data for modeling were estimated to have a relatively high extinction probability. Some
populations, particularly summer-run, had higher returns in the most recent years included
in the 2005 report (years 2001 and 2002). The WLC-TRT (Myers et al. 2006) estimated that
at least four historical populations were extirpated. The hatchery contribution to natural
spawning remained high in many populations.

2010

Ford et al. (2011) summarized three status evaluations of Lower Columbia River steelhead
status, all based on WLC-TRT criteria, which had been conducted since the last BRT status
update in 2005. All three evaluations concluded that the DPS was currently at “high” risk of
extinction. Of the 26 historical populations in the DPS, 17 were considered “high” or “very
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high” risk. Populations in the upper Lewis, Cowlitz, and White Salmon River watersheds
remained cut off from access to essential spawning habitat by hydroelectric dams. Projects
to reestablish access had been initiated in the Cowlitz and Lewis River systems, but these
had not yet produced self-sustaining populations. The populations generally remained at
relatively low abundances with low productivity. Overall, the information considered did not
indicate a change in the biological risk category since the time of the 2005 BRT status review.

2015

The 2015 status review update (NWFSC 2015) found that the majority of winter-run
steelhead DIPs in this DPS continued to persist, but at low abundances. Hatchery
interactions remained a concern in select basins, but the overall situation had somewhat
improved compared to prior reviews. Summer-run steelhead DIPs were similarly stable,
albeit at low abundance levels. The decline in the Wind River summer-run DIP was a
source of concern, given that this population had been considered one of the healthiest

of the summer runs in the DPS. Passage programs in the Cowlitz and Lewis River basins
were noted to have the “potential” to provide considerable improvements in abundance
and spatial structure, but had not produced self-sustaining populations. Low-abundance
winter-run returns to the upper Cowlitz River were considered anomalous, related more to
a) the development of an integrated hatchery broodstock, and b) temporary modifications
at the Cowlitz Falls Dam to benefit Chinook salmon, than to a decline in viability. Efforts to
provide passage above North Fork Lewis River dams offered the opportunity for substantial
improvements in the winter-run steelhead population and an opportunity to reestablish
summer-run steelhead, but juvenile collection efficiencies were not sufficient to establish
viable populations. Habitat degradation continued to be a concern for most populations.
Even with modest improvements in the status of several winter-run DIPs, none of the
populations was evaluated to be at fully viable status, and similarly none of the MPGs met
the criteria for viability. The DPS continued to be at “moderate” risk.

Description of new data available for this review

For most of the populations in this DPS, abundance estimates for winter-run steelhead were
calculated by expanding redd counts from index and census surveys and, for summer-run
steelhead, a mark-resight survey of adults during prespawn holding is employed (Rawding
and Rodgers 2013). In many cases, river conditions limit access and visibility during winter
steelhead spawning, creating some uncertainty in the expansion of total spawner abundance.
Where tributaries contained dams or other collection/passage structures, abundance and
hatchery proportions were estimated by direct adult counts, or a combination of redd
surveys and dam counts. Weirs were operated in some tributaries to count adults and
remove or exclude hatchery-origin adults. Where dams have been removed, as in the Sandy
River, spawner surveys have been expanded on tributaries to provide census data; whereas,
in the case of Powerdale Dam, limited surveys provide a partial picture of population status
for winter-run steelhead, with weirs on the East Fork Hood River and Neal Creek (West
Fork Hood River) providing information on summer-run abundance (Simpson 2020).
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Abundance and productivity

Cascade MPG (winter run)

This MPG includes native winter-run steelhead in 14 DIPs from the Cowlitz River to the
Washougal River, inclusive (Figure 67); however, abundances are only available for ten of
them. Of the ten, seven exhibited an increase in five-year geometric means, two exhibited

a decrease, and one remains unchanged (Table 36). There is some uncertainty in these
abundances, given that six of the ten datasets do not distinguish between natural- and
hatchery-origin spawners. The North Fork Toutle River is currently maintained as a natural
steelhead gene bank by WDFW (NMFS 2017a), and it may be assumed that the majority

of spawners are of natural origin. For most populations, total abundances and natural-
origin abundances (where available) have remained low, averaging in the hundreds of

fish. Notable exceptions to this were the Sandy and Clackamas River winter-run steelhead
populations. The Sandy River winter-run steelhead population experienced a 186% increase
in abundance, with a current five-year geomean of 3,615 (Table 36), while maintaining low
levels of hatchery-origin steelhead on the spawning grounds (Figure 68). The Clackamas
River winter steelhead run was stable, with a five-year geomean of 2,819 (Table 36).
Hatchery fish are removed from these rivers at hatchery weirs, in stream weirs, and at
North Fork Dam (Whitman et al. 2017). Comparisons of geometric means, however, do

not reflect the variation within review periods. There is a strong cyclical pattern in most
populations, with a peak in abundance in 2014 and 2015. For most winter-run populations
in this MPG, the trend within the 2015-19 period is strongly negative as expressed in annual
productivity estimates (Figure 69). There is some concern that this downward trend may be
indicative of something more systemic than short-term freshwater or oceanic conditions.

Cascade MPG (summer run)

There are four summer-run steelhead DIPs in the Cascade MPG: Kalama River, North Fork
Lewis River, East Fork Lewis River, and Washougal River (Figure 67). Of these, the latter
two populations have exhibited declines in abundance, while Kalama River has exhibited
abundance increase. Abundance estimates did not distinguish between hatchery- and
natural-origin spawners, so there is some uncertainty in the applicability of these trends
to the natural population. Summer-run steelhead programs (using non-native Skamania
Hatchery-origin broodstock) have been ongoing in both the Kalama and Washougal River
basins. The East Fork Lewis River is currently maintained as a natural steelhead gene bank
by WDFW (NMFS 2017a), and it may be assumed that the majority of spawners (five-year
geomean of 650) are predominately of natural origin. As with the Cascade winter-run
steelhead DIPs, there has been considerable annual variability in abundance during the
2015-19 interval, and the current within-census period trend is strongly downward. The
North Fork Lewis River is blocked by a series of impassable dams, and, although a trap-
and-haul program has been initiated, summer-run are not currently being considered as
part of the reintroduction program. There is some uncertainty regarding the status of this
population, specifically if residualized 0. mykiss contain a genetic legacy of the historical
population and if they are capable of reinitiating an anadromous life history. The recovery
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Table 36. Five-year geometric mean of raw natural spawner counts. This is the raw total spawner count times
the fraction natural estimate, if available. In parentheses, 5-year geometric mean of raw total spawner
counts is shown. A value only in parentheses means that a total spawner count was available but no or only
1estimate of natural spawners available. The geometric mean was computed as the product of counts raised
to the power 1 over the number of counts available (2 to 5). A minimum of 2 values were used to compute
the geometric mean. Percent change between the 2 most recent 5-year periods is shown on the far right.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change

Coweeman River Cascade (436) (218) (458) (470) (443) (528) (19)
(winter)

North Fork Toutle River Cascade — — — (449) (295) (409) 39)
(winter)

South Fork Toutle River Cascade (928) (344) (725) (521) (432) (660) (53)
(winter)

Upper Cowlitz River Cascade — (82) (1,242) (1,273) 168 (458) 199 (443) 18 (-3)
(winter)

Tilton River (winter) Cascade — — (975) (343) 268 (268) 241 (309) -10(15)

Kalama River (winter) Cascade (931) (654) (1,443) (1,219) (866) (618) (-29)

East Fork Lewis River Cascade (85) (214) (525) (453) (356) (613) (72)
(winter)

Clackamas River Cascade 1,594 (2,189) 487 (733)  1,371(1,817) 1,186(1,599) 2,827 (2,954) 2,819 (3,066) 0(4)
(winter)

Sandy River (winter) Cascade — — — — 1,263 (1,376) 3,615 (3,858) 186 (180)

Washougal River Cascade (132) (182) (479) (504) (328) (427) (30)
(winter)

Kalama River (summer) Cascade (1,060) (454) (382) (338) (519) (561) (8)

East Fork Lewis River Cascade — (170) (402) (539) (849) (650) (-23)
(summer)

Washougal River Cascade (220) (131) (282) (612) (712) (644) (-10)
(summer)

Wind River (winter) Gorge — — (33) (16) 17 9) (-47)

Hood River (winter) Gorge — — — — 311 (900) 650 (1,108) 109 (23)

Wind River (summer) Gorge (563) (454) 592 (598) 651 (655) 724 (727) 627 (631) -13(-13)

of summer-run steelhead in the Elwha River, apparently by resident O. mykiss, suggests a
summer run could be reestablished. Although the changes in five-year abundances are not
substantial, recent negative trends are of concern. Whether this is a portent of long-term
changing oceanic conditions is not clear, but is of some concern regardless of its cause.

Gorge MPG (winter run)

This MPG contains three DIPs: Lower Gorge, Upper Gorge (Wind River), and Hood River. In
both the Lower and Upper Gorge, population surveys for winter steelhead are very limited.
Abundance levels appear to be improving in the Hood River, with a 109% increase in abundance
over the previous review period and a five-year geomean of 651 (Table 36). The development
of an integrated hatchery program, in addition to improved access following the removal of
Powerdale Dam, may have facilitated the improvement in the Hood River winter run.

Gorge MPG (summer run)

Wind River and Hood River are the two DIPs in the summer run of this MPG. Hood River
summer-run steelhead monitoring has been problematic since the removal of Powerdale
Dam. Adult abundance in the Wind River has declined since the last review and is trending
downward (Table 36, Figure 68). Recent five-year abundance for Wind River summer-run,

148



Steelhead (Lower Columbia River DPS)
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Figure 68. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends the smoothed estimate may be
influenced by earlier data points not included in the plot.

a designated natural steelhead gene bank, is 627, a 13% decline from the 2010-14 average
(Table 36, Figure 68). The long-term (2005-19) abundance trend for the Wind River is a

2% annual decline (Table 37). Given the presence of only two summer-run DIPs in this MPG
and the recent downward trend, the overall status of the MPG is uncertain.
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Steelhead (Lower Columbia River DPS)
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Figure 69. Trends in productivity for demographically independent populations in the Lower
Columbia River steelhead DPS, estimated as the log of the smoothed natural spawning
abundance in year t minus the smoothed natural spawning abundance in year (¢t - 4).

Table 37. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed natural spawner log abundance estimate. Only populations with at
least 4 natural spawner estimates from 1980 to 2014 are shown and with at least 2 data points
in the first 5years and last 5 years of the 15-year period.

Population MPG 1990-2005 2004-19

Clackamas River Cascade 0.01 (-0.07, 0.09) 0.06 (0.02, 0.09)
(winter)

Wind River (summer) Gorge — -0.02 (-0.05, 0.01)

Harvest

Steelhead from this DPS are also intercepted in mainstem and tributary fisheries targeting
non-listed hatchery- and naturally produced salmon and hatchery steelhead. Mark-selective
commercial tangle net fisheries in the mainstem Columbia River occur during the winter/
spring timeframe and primarily affect natural winter steelhead. Winter steelhead harvest in the
mainstem from 2015-19 averaged 96 fish annually, primarily from unclipped releases, with an
annual rate of 0.3% (ODFW and WDFW 2020a). Similarly, mortalities for unclipped summer-
run fish in the lower Columbia River mainstem fisheries averaged 49 fish/year, with mortality
rates for unclipped summer-run steelhead of 0.5% in fisheries below Bonneville Dam and
0.01% in the Bonneville Pool. Recreational fisheries targeting marked hatchery-origin steelhead
encounter natural-origin fish at a relatively high rate, but hooking mortality rates are generally
lower than release mortality rates in the commercial fisheries (ODFW and WDFW 2020a).

Recreational harvest of marked hatchery-origin steelhead occurs in most basins and it is

likely that non-retention hooking mortality affects most populations in the Lower Columbia
River DPS, but that the encounter rate and total mortality are relatively minor.

150



Hatcheries

Total steelhead hatchery releases in the Lower Columbia River steelhead DPS have decreased
slightly since the last status review, declining from an average annual release (summer- and
winter-run) of 3 million smolts annually to 2.75 million (Figures 70-72). Some populations
continue to have relatively high fractions of hatchery-origin spawners while others have
relatively few (Table 38), though data for many populations is not available. WDFW is currently
developing a new methodology to assess the hatchery contribution to naturally spawning
steelhead. In addition, the North Fork Toutle River, East Fork Lewis River, and Wind River
have been established by WDFW as natural gene banks. One of the major changes in hatchery
operations was the elimination of the out-of-DPS steelhead broodstock programs in the
Kalama River. Previously, out-of-DPS releases were terminated in the Cowlitz and East Fork
Lewis Rivers (NWFSC 2015). Out-of-DPS releases continue in the Clackamas River, Sandy River,
South Fork Toutle River, and Washougal River with the release of Skamania Hatchery summer-
run steelhead. Where hatcheries maintain multiple stocks of steelhead, there continues to be
some risk of hybridization between different run times or native and out-of-DPS stocks.
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Figure 70. Annual releases of winter-run juvenile steelhead into the Cascade stratum of the Lower
Columbia River steelhead DPS, 1995-2019. Data from the Regional Mark Information System
(https://www.rmpc.org, March 2020).
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Figure 71. Annual releases of summer-run juvenile steelhead into the Cascade stratum of the Lower
Columbia River steelhead DPS, 1995-2019. Data from the Regional Mark Information System
(https://www.rmpc.org, March 2020).

There are a number of methods employed to further reduce the incidence of hatchery-origin
fish spawning naturally. Where adults are handled in census (complete capture) upstream
passage programs (e.g., Clackamas River, Cowlitz River, Kalama River winter-run, and Lewis
River), hatchery-origin fish are often removed from the river or recycled for additional harvest
opportunities. In some cases, Kalama River hatchery-origin summer-run steelhead are able to
ascend the falls and avoid being captured and removed at the fish ladder. In addition, mark-
selective recreational fisheries remove some number of hatchery-origin fish from the rivers.
Over the years, these actions have incrementally reduced the pHOS from many populations.

In the winter-run Cascade MPG, hatchery releases have remained fairly consistent, with
the majority of releases in the Cowlitz River basin (Figure 70). Releases of winter-run
steelhead by specific programs into Cowlitz River tributaries have been combined, with
distinct programs in the Coweeman, South Fork Toutle, North Fork Toutle, Lower Cowlitz,
Tilton, and Upper Cowlitz and Cispus Rivers. Recent changes in hatchery operations—
from isolated programs with non-native broodstocks to programs with locally sourced
broodstock that continue to integrate natural-origin fish into the broodstock—represent a
major effort to decrease the domestication risk from hatchery programs.
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Figure 72. Annual releases of juvenile steelhead into the Gorge stratum of the Lower Columbia River
steelhead DPS, by run timing, 1995-2019. Data from the Regional Mark Information System
(https://www.rmpc.org, March 2020).

Hatchery releases in the summer-run Cascade MPG have remained fairly steady at

1.3 million fish annually (Figure 71). The majority of these releases are from hatcheries
using the out-of-DPS Skamania Hatchery summer-run broodstock, with the exception of
the Kalama River integrated summer-run steelhead program. In addition, many of the
basins where these fish are released did not historically have summer-run populations,
most notably the Cowlitz River basin populations, and the Clackamas and Sandy River DIPs
(Myers et al. 2006). The potential effects of these summer-run releases into non-native
waters through introgression and competition have been discussed in a number of studies
(Kostow and Zhou 2006, Johnson et al. 2018).

There have been limited releases of steelhead into the winter- and summer-run Gorge
MPGs (Figure 72), with the predominant program being the integrated winter-run steelhead
program in the Hood River. The Wind River, the other major tributary in this area, is
designated as a natural gene bank, with minimal hatchery influence.
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Table 38. Five-year mean of fraction natural Lower Columbia River steelhead spawners (sum of all
estimates divided by the number of estimates), 1995-2019. Blanks (—) indicate that no estimate
was available in that 5-year range.

Population MPG 1995-99 2000-04 2005-09 2010-14 2015-19
Upper Cowlitz River (winter) Cascade — — — 0.70 0.49
Tilton River (winter) Cascade — — — 1.00 0.79
Clackamas River (winter) Cascade 0.67 0.76 0.75 0.96 0.92
Sandy River (winter) Cascade — — — 0.92 0.94
Hood River (winter) Gorge — — — 0.37 0.61
Wind River (summer) Gorge — — — — —

Spatial structure

There have been a number of large-scale efforts to improve accessibility (one of the primary
metrics for spatial structure) in this ESU. Efforts to provide access to the upper Cowlitz
River basin (Upper Cowlitz, Cispus, and Tilton Rivers) began in 1996 with the initiation

of juvenile collection at Cowlitz Falls Dam. There have been a number of structural and
operational changes at the Cowlitz Falls Dam, most recently in 2017, to improve collection
efficiency (Serl and Morrill 2010, Serl et al. 2014, Rubenson et al. 2019). In a recent study, fish
collection efficiency (FCE) for steelhead juveniles averaged 81.3%, with fish passage survival
being 83.3% for the fish collected (Rubenson et al. 2019). The collection of steelhead kelts
remains another area where further improvement is needed. Trap-and-haul operations
began on the Lewis River in 2012 for winter-run steelhead, reestablishing access to
historically occupied habitat above Swift Dam (RKM 77.1). In the North Fork Lewis River for
2019, the FCE for steelhead collected at the Swift Reservoir Floating Collector was estimated
at 27% (PacifiCorp and PUDCC 2020). In the Clackamas River, fish guidance efficiencies for
steelhead juveniles at the North Fork Dam were estimated in 2018 at 94.3% under non-

spill conditions and 71.7% under spill (Ackerman and Pyper 2019). Juvenile collection in

the Clackamas River occurs at River Mill and North Fork Dams, with a combined project
collection efficiency of over 95% in 2016-18 (Ackerman and Pyper 2020).

Environmental variability may make it difficult to assess the effects of changes in spatial
structure, except through longer-term datasets. These changes include the removal of
Marmot Dam in 2007 and the Little Sandy River diversion dam in 2008, and Hemlock Dam
on Trout Creek (Wind River) in 2009. Additionally, beginning in 2010, unmarked steelhead
have been passed above the hatchery weir on Cedar Creek, a tributary to the Sandy River.
Powerdale Dam was removed in 2010, and while this dam previously provided for fish
passage, removal of the dam is thought to eliminate passage delays and injuries. Finally,
there has been a trap-and-haul operation at the SRS on the North Fork Toutle River since
1989. Transportation above the SRS is limited to two small tributaries, and only a small
proportion of the upper basin is utilized (LCFRB 2020). In addition, there have been
numerous recovery actions throughout the ESU to remove or improve the thousands of
culverts and other small-scale passage barriers.
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Biological status relative to recovery goals

Of the 23 DIPs in the Lower Columbia River steelhead DPS, ten are nominally at or above
the goals set in the recovery plan (Dornbusch 2013); however, it should be noted that
many of these abundance estimates do not distinguish between natural- and hatchery-
origin spawners. Notable is the winter-run DIP in the Sandy River, designated a “primary
population” in the recovery plan, which is well above its recovery target. Six other primary
populations are just above their recovery goals, and, as mentioned above, many of the
abundance estimates do not distinguish between hatchery- and natural-origin adults.

One population, the Wind River summer-run DIP, is at >50% of its recovery goal, with

the remaining 12 DIPs at. Of those 12, abundance data for six DIPs were insufficient for
statistical analysis, but presumed to be of low abundance, with one DIP being part of the
Upper Cowlitz/Cispus Rivers combined dataset. Both summer- and winter-run MPGs in
the Gorge were well below recovery goals. Although the situation in the Cascade stratum is
better, improvements in fish passage/collection need to be realized in the Upper Cowlitz,
North Fork Toutle, and North Fork Lewis Rivers to achieve recovery goals.

There have been improvements in diversity through hatchery reform, especially the elimination
of non-native Chambers Creek winter-run broodstock and some Skamania Hatchery-origin
broodstock. Population-specific data on hatchery contribution to the naturally spawning
populations is not available for most DIPs, and diversity criteria cannot be properly evaluated
without them. Spatial structure remains a concern, especially for those populations that rely on
adult trap-and-haul programs and juvenile downstream passage structures for sustainability.

Updated biological risk summary

The majority of winter-run steelhead DIPs in this DPS continue to persist at low abundance
levels (hundreds of fish), with the exception of the Clackamas and Sandy River DIPs, which
have abundances in the low 1,000s. Although the five-year geometric abundance means are
near recovery plan goals for many populations, the recent trends are negative. Summer-run
steelhead DIPs were similarly stable, but also at low abundance levels. Summer-run DIPs in
the Kalama, East Fork Lewis, and Washougal River DIPs are near their recovery plan goals;
however, it is unclear how hatchery-origin fish contribute to this abundance. The decline in
the Wind River summer-run DIP is a source of concern, given that this population has been
considered one of the healthiest of the summer runs. It is not clear whether the declines
observed represent a short-term oceanic cycle, longer-term climatic change, or other
systematic issues. While other species in the Lower Columbia River steelhead DPS have a
coastal-oriented distribution, steelhead are wide-ranging, and it is more difficult to predict
the effects of changes in ocean productivity. Alternatively, most steelhead juveniles remain
in freshwater for two years prior to emigration, making them more susceptible to climatic
changes in temperature and precipitation.

Spatial structure and abundances are limited due to migrational blockages in the Cowlitz and
Lewis River basins. The efficiency of adult passage and juvenile collection programs remain
an issue. Recent studies indicate that there have been improvements in juvenile collection
efficiency in the Cowlitz River, but these have not been reflected yet in adult abundance.
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Table 39. Current 5-year geometric mean of raw natural-origin spawner abundances and recovery
targets (Dornbusch 2013) for Lower Columbia River steelhead demographically independent
populations (DIPs). Colors indicate the relative proportion of the recovery target currently
obtained: red = <10%, orange =10% > x < 50%, yellow =50% >x <100%, green = >100%.
Numbers in parentheses represent total (hatchery and natural-origin) spawners; * = high
uncertainty about whether they are meeting their recovery targets.

Abundance
Stratum  Population 2015-19 Target
Cascade Coweeman River (WA) W 500
NF Toutle River (WA) W 600
SF Toutle River (WA) W 600
Upper Cowlitz River (WA) W 500
Lower Cowlitz River (WA) W 400
Cispus River (WA) W 500
Tilton River (WA) W 200
Kalama River (WA) W 600
NF Lewis River (WA) W 400
EF Lewis River (WA) W 500
Salmon Cr (WA) W n/a
Clackamas River (OR) W 10,671
Sandy River (OR) W 1,519
Washougal River (WA) W 350
Kalama River (WA) Su 500
NF Lewis River (WA) Su 500
EF Lewis River (WA) Su 500
Washougal River (WA) Su 500
Gorge Upper Gorge (Wind R) (WA) W n/a
Lower Gorge (WA & OR) W 300
Hood River (OR) W 2,079
Wind River (WA) Su 1,000

Hood River (OR) Su

The juvenile collection facilities at North Fork Dam in the Clackamas River appear to be
successful enough to support increases in abundance. Hatchery interactions remain a
concern in select basins, but the overall situation is somewhat improved compared to prior
reviews. It is not possible to determine the risk status of this DPS given the uncertainty

in abundance estimates for nearly half of the DIPs. Additionally, nearly all of the DIPs for
which there are abundance data exhibited negative abundance trends in 2018 and 2019.

Although a number of DIPs exhibited increases in their five-year geometric means, others
still remain depressed, and neither the winter- nor summer-run MPGs are near viability in
the Gorge. Overall, the Lower Columbia River steelhead DPS is therefore considered to be at
“moderate” risk, and the viability is largely unchanged from the prior review.
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Columbia River Chum Salmon ESU

Brief description of ESU

This ESU includes all naturally spawned populations of chum salmon (0. keta) in the
Columbia River and its tributaries in Washington and Oregon, as well as several artificial
propagation programs (Figure 73; USOFR 2020). This ESU is divided into three MPGs with a
total of 17 demographically independent populations (DIPs).
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Figure 73. Map of the Columbia River chum salmon ESU’s spawning and rearing areas, illustrating
all 17 demographically independent populations (DIPs) and the three major population groups
(MPGs). Note that Population 8, Cowlitz River, contains two DIPs, a fall and a summer run.

Summary of previous status conclusions

2005

In the 2005 status review (Good et al. 2005), nearly all votes for the Columbia River chum
salmon ESU fell in the “likely to become endangered” (63%) or “in danger of extinction”
(34%) categories. The BRT had substantial concerns about every VSP element. Most or all risk
factors the BRT had previously identified (Johnson et al. 1997) remained important concerns.
The WLC-TRT estimated that close to 90% of this ESU’s historical populations were extinct or
nearly so, resulting in loss of much diversity and connectivity between populations. The 2005
BRT was concerned that the populations that remained were small, and overall abundance
for the ESU was low. The ESU had shown low productivity for many decades. The BRT was
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encouraged that unofficial reports for 2002 suggested a large increase in abundance in some
(perhaps many) locations, but it was not determined whether this represented a temporary
climate-driven improvement or the beginning of a long-term reestablishment of populations.

2010

Ford et al. (2011) concluded that the vast majority (14 out of 17) chum populations remained
extirpated or nearly so. The Grays/Chinook Rivers and Lower Gorge populations exhibited
a sharp increase in abundance in 2002, but then declined back to relatively low abundance
levels in the range of variation observed over the prior several decades. Chinook and coho
populations in the lower Columbia and Willamette Rivers showed similar increases in the
early 2000s followed by declines, suggesting the increase in chum salmon abundance was
related to ocean conditions. Overall, the new information considered in 2010 did not indicate a
change in the biological risk category since the time of the previous BRT status review in 2005.

2015

NWFSC (2015) found that the majority of the populations in this ESU were at “high” to “very
high” risk, with very low abundances. These populations were at risk of extirpation due to
demographic stochasticity and Allee effects. One population, Grays/Chinook Rivers, was
estimated to be at “low” risk, with spawner abundances in the thousands and demonstrating
a recent positive trend. The Washougal River and Lower Gorge populations maintained
moderate numbers of spawners and appeared to be relatively stable. The life history of chum
salmon is such that ocean conditions have a strong influence on the survival of emigrating
juveniles. At that time, the potential prospect of poor ocean conditions for the near future was
considered a major risk that would put further pressure on these chum salmon populations.

Freshwater habitat conditions were thought to be negatively influencing the spawning

and early rearing success in some basins and contributing to the overall low productivity
of the ESU. Land development, especially in the low-gradient reaches that chum salmon
prefer, continued to be a threat to most chum populations due to projected increases in
the population of the greater Vancouver (WA)-Portland (OR) area and the lower Columbia
River overall (Metro 2014). The overall viability of this ESU was considered to be relatively
unchanged since 2010, and the modest improvements in some populations did not warrant
a change in risk category, especially given the uncertainty regarding climatic effects in the
near future. This ESU therefore remained at “moderate” to “high” risk.

Description of new data available for this review

In general, most tributaries are surveyed on foot, although chum salmon observations may
be incidental to surveys focusing on Chinook or coho salmon (especially late-run coho
salmon). Standardized mark-recapture surveys have been undertaken, and population
estimates are available for the Grays River, Hamilton Creek, and the mainstem Columbia
River. In many other tributaries, potential chum salmon habitat is monitored for the
presence of spawners either through directed surveys or indirectly with multispecies
surveys providing some coverage for most other populations (Chinook River; Elochoman
River; Skamokawa Creek; Mill, Abernathy, and Germany Creeks; and the Lewis River).
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Chum salmon are also enumerated at hatchery traps, tributary weirs, and dam fish passage
facilities. As part of its chum salmon restoration program, ODFW monitors fry production
in a number of Coastal MPG streams. In general, except where substantial numbers of chum
salmon exist, there is limited directed data collection.

Abundance and productivity
Coastal MPG

Grays River

Surveys for chum salmon are regularly conducted in the Grays River. Spawner abundances
have exhibited a cyclical pattern, with abundances declining to a few thousand fish in 2013 and
2014, and then peaking in 2016 at a record 30,408 (Figure 74). The current five-year abundance
geomean was 10,674, a 70% increase over the previous period (Table 40). Further, productivity
estimates for the last review period have been generally positive (Figure 75), as have long-term
trends (Table 41). The majority of the returning chum salmon have been naturally produced,
95% on average in 2015-19 (Table 42). The Grays River maintains its position as a stronghold in
the MPG and the ESU, with positive short- and long-term trends, despite poor ocean conditions.
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Figure 74. Smoothed trend in estimated total (thick black line, with 95% confidence interval in gray)
and natural (thin red line) population spawning abundance. In portions of a time series where
a population has no annual estimates but smoothed spawning abundance is estimated from
correlations with other populations, the smoothed estimate is shown in light gray. Points show
the annual raw spawning abundance estimates. For some trends, the smoothed estimate may
be influenced by earlier data points not included in the plot. Lower Gorge Tributaries include
mainstem Columbia River spawning aggregates (Ives Island, Horsetail Falls, etc.). Upper Gorge
Tributaries is based on the Bonneville Dam count, although many chum salmon counted
upstream are known to have fallen back and spawned below Bonneville Dam.
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Figure 75. Trends in Lower Columbia River chum salmon demographically independent population
(DIP) productivity, 2000-15, estimated as the log of the smoothed natural spawning abundance
in year £ minus the smoothed natural spawning abundance in year (t-4).

Table 40. Five-year geometric mean of natural-origin spawner (NOS) counts for Lower Columbia River chum
salmon. The Upper Gorge abundance is the dam count at Bonneville Dam and not a spawner estimate.
This is the raw total spawner count times the fraction NOS estimate, if available. In parentheses, 5-year
geometric mean of raw total spawner counts is shown. A value only in parentheses means that a total
spawner count was available but no or only one estimate of NOS available. The geometric mean was
computed as the product of counts raised to the power 1 over the number of counts available (2 to 5).

A minimum of 2 values were used to compute the geometric mean. Percent change between the 2 most
recent 5-year periods is shown on the far right.

Population MPG 1990-94 1995-99 2000-04 2005-09 2010-14 2015-19 % change
Grays/Chinook Rivers FA Coastal — — 9,770 (10,616) 3,589 (3,838) 6,285 (6,709) 10,674 (11,310) 70 (69)
Washougal River FA Cascade — — — 1,004 (808) (2,176) 2,703 (3,127) (44)
Lower Gorge Tributaries Gorge — — 2,707 (2,707) 754 (773) 2,263 (2,272) 3,925 (3,938) 73 (73)
Upl;)ier Gorge Tributaries Gorge (18) (43) (61) (122) (96) (75) (-22)

Other Coastal Range DIPs

Adult chum salmon are intermittently observed in very low numbers in most tributaries other
than the Grays River or Big Creek, but insufficient data are available for meaningful statistical
analysis. Supplementation and reintroduction efforts using surplus hatchery broodstock are
underway in a number of tributaries in this MPG, and outmigrating fry have been observed.
Most notably, the return of nearly 1,000 unmarked adults to Big Creek in 2020 is likely

a result of the hatchery reintroduction program in that basin. The origin of adult chum
salmon intermittently observed in other tributaries in this MPG—whether strays from larger
populations, supplementation/reintroduction efforts, or locally produced—is uncertain.
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Table 41. Fifteen-year trends in log natural spawner abundance computed from a linear regression
applied to the smoothed natural spawner log abundance estimate. Only populations with at
least 4 natural spawner estimates from 1980 to 2014 are shown, and with at least 2 data points
in the first 5years and last 5 years of the 15-year period.

Population MPG 1990-2005 2004-19

Grays/Chinook Rivers FA Coastal — 0.07 (0.04,0.11)

Washougal River FA Cascade — 0.11 (0.07,0.14)

Lower Gorge Tributaries Gorge — 0.07 (0.04,0.11)
FA

Cascade MPG

Washougal River

The Washougal River chum salmon DIP includes two spawning aggregates in the mainstem
Columbia River just upstream of the I-205 bridge in areas influenced by groundwater seeps
(Myers et al. 2006). Population abundance has fluctuated considerably, likely following
changes in ocean conditions, with stronger returns in 2015 and 2016 and a decline in
2017-18 (Figure 74). The five-year abundance geomean for 2015-19 was 2,703 (Table 40),
with productivity being positive for this period (Figure 75). As with many of the other chum
salmon populations, Washougal River chum salmon experience highly variable return rates,
but the overall long-term abundance trend has been strongly positive at 11% (Table 41).

Other Cascade Range DIPs

There are reports of chum salmon in a number of tributaries, although systematic surveys
are not undertaken. Chum salmon have also been collected at a number of hatcheries and
weirs throughout this MPG, but only in very limited numbers. While the absolute numbers of
fish present in many populations are critically low, they may represent important reserves of
genetic diversity. Finally, there have been recurring observations of early-returning summer-
run chum salmon in the Cowlitz River, primarily at the Cowlitz Salmon Hatchery trap.

Gorge MPG

Lower Gorge Tributaries

This population includes chum salmon returning to Hamilton, Hardy, and Duncan Creeks, as
well as those returning to spawn in the Ives Island area of the mainstem Columbia River below
Bonneville Dam. Other mainstem Columbia River spawning aggregations include Multnomah
and Horsetail Creeks on the Oregon shoreline, and the St. Cloud area along the Washington
shoreline. Recent abundances are, on average, improved since the last status review, with
peak returns of 5,345 in 2015 and 6,103 in 2016 (Figure 74), compared with the recent five-year
abundance geomean of 3,925 (Table 40). The overall medium-term trend since 2005 is positive,
7% (Table 41), with a 73% increase in the recent five-year abundance geomean (Table 40).
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Upper Gorge Tributaries

There are no dedicated surveys for chum salmon adults in the upper Gorge MPG; estimates
are based on chum salmon migrating past Bonneville Dam to the upper Gorge population
area. The chum salmon adult geometric average for 2015-18 was 75, with a 2019 count of 316
(data from University of Washington," July 2020). Interpretation of the Bonneville Dam counts
is somewhat problematic given the large naturally spawning chum salmon aggregations just
below the dam. In addition, spawning above Bonneville Dam is thought to be very limited due
to the loss of historical spawning areas currently inundated in the Bonneville Pool; however,
chum salmon fry have been observed at the Bonneville Dam juvenile monitoring facility.

Harvest

Columbia River chum salmon were historically abundant and subject to substantial harvest
until the 1950s (Johnson et al. 1997). In recent years, there has been no directed harvest

of Columbia River chum salmon. Data on the incidental harvest of chum salmon in lower
Columbia River gillnet fisheries exist, but escapement data are inadequate to calculate
exploitation rates. Incidental commercial landings have been approximately 100 fish per
year since 1993 (except 275 fish in 2010), and all recreational fisheries have been closed
since 1995. The incidental harvest rate on Columbia River chum salmon was estimated to be
0.3% in 2018 (ODFW and WDFW 2020a). Overall, the exploitation rate has been estimated at
below 1% for the last five years.

Spatial structure and diversity

Hatcheries

There are currently four hatchery programs in the lower Columbia River releasing
juvenile chum salmon: Grays River Hatchery, Big Creek Hatchery, Lewis River Hatchery,
and Washougal Hatchery. The Lewis River Hatchery releases fish into the East Fork Lewis
River and the Washougal Hatchery releases fish into Duncan Creek. The total annual
production from these hatcheries has not exceeded 500,000 fish, with the majority being
released as unmarked fish during their first spring (Figure 76). Transfers of Grays River
eggs to the Big Creek Hatchery are scheduled to be phased out as production of the Big
Creek Hatchery stock is expanded (Homel 2014). Unmarked fish collected at the Big Creek
weir are transferred to adjacent tributaries (e.g., Bear Creek), although the natural return
was very low until 2020. With the exception of the Grays River stock of fish raised at Big
Creek Hatchery, all of the hatchery programs in this ESU use integrated stocks developed
to supplement natural production. ODFW operates an egg box program in Coastal MPG
tributaries; fry production is monitored, as is adult return in these small tributaries.
Analysis of adult returns suggest that hatchery production represents a small proportion of
adult returns (Table 42).

Thttp://www.cbr.washington.edu/
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Figure 76. Releases of juvenile chum salmon into the lower Columbia River. All releases were from
sources originating from within the ESU. Data from the Regional Mark Information System
(https://www.rmpc.org, April 2020).

Table 42. Five-year mean of fraction natural-origin spawner (sum of all estimates divided by the
number of estimates) in lower Columbia River chum salmon populations. Blanks (—) indicate
that no estimate was available in that 5-year range.

Population MPG 1996-2000 2001-05 2006-10 2011-15 2016-20

Grays/Chinook Rivers FA Coastal — 0.92 0.95 0.93 0.95

Washougal River FA Cascade — 0.98 0.97 — 0.99

Lower Gorge Tributaries Gorge 1 0.99 0.98 1.00 1.00
FA

Upper Gorge Tributaries Gorge — — — — —
FA

Spatial structure

Chum salmon generally spawn in the mainstem Columbia River (in areas of groundwater
seeps) and the lower reaches of both large and small tributaries, with the exception of the
Cowlitz River (Myers et al. 2006). In contrast to other species, mainstem dams have less of
an effect on chum salmon distribution; rather, it is smaller, stream-scale blockages that limit
chum access to spawning habitat. Upland development can also affect the quality of spawning
habitat by disrupting the groundwater upwelling that chum prefer. In addition, juvenile habitat
has been curtailed through dikes and revetments that block access to riparian areas that are
normally inundated in the spring. Loss of lower river and estuary habitat probably limits
the ability of chum salmon to expand and recolonize historical habitat. Presently, detectable
numbers of chum salmon persist in only four of the 17 DIPs, a fraction of their historical range.
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Biological status relative to recovery goals

Overall, the status of most chum salmon populations is unchanged from the baseline VSP
scores estimated in the recovery plan. A total of three of 17 populations exceed the recovery
goals established in the recovery plan (Dornbusch 2013). The remaining populations have
unknown abundances, although it is reasonable to assume that the abundances are very
low and unlikely to be more than 10% of the established recovery goals. Although the Big
Creek DIP is currently supported by a hatchery supplementation program, natural-origin
returns have been very low. Even with the improvements observed during the last five
years, the majority of DIPs in this ESU remain at a “very high” risk level. With so many
primary DIPs at near-zero abundance, none of the MPGs could be considered viable.

Updated biological risk summary

It is notable that during this most recent review period, the three populations (Grays River,
Washougal, and Lower Gorge DIPS) improved markedly in abundance. Improvements in
productivity were observed in almost every year during the 2015-19 interval (Figure 74).
This is somewhat surprising, given that the majority of chum salmon emigrate to the ocean
as subyearlings after only a few weeks, and one would expect the poor ocean conditions

to have a strong negative influence on the survival of juveniles (as with many of the other
ESUs in this region). In contrast to the three DIPs, the remaining populations in this ESU
have not exhibited any detectable improvement in status. Abundances for these populations
are assumed to be at or near zero, and straying from nearby healthy populations does not
seems sufficient to reestablish self-sustaining populations (Table 43). It may be that the
chum salmon life-history strategy of emigrating post-emergence en masse (possibly as a
predator swamping mechanism) requires a critical number of spawners to be effective.

Of the risk factors considered, freshwater habitat conditions may be negatively influencing
spawning and early rearing success in some basins, and contributing to the overall low
productivity of the ESU. Recent studies also suggest that a freshwater parasite, Ceratonova
shasta, may be limiting the survival of juvenile chum salmon (WDFW 2019). The prevalence
of this parasite may increase with warmer water temperatures from flow modification

or climatic change. Land development, especially in the low-gradient reaches that chum
salmon prefer, will continue to be a threat to most chum populations due to projected
increases in the population of the greater Vancouver-Portland area and the lower Columbia
River overall (Metro 2014). The viability of this ESU is relatively unchanged since the

last review, and the improvements in some populations do not warrant a change in risk
category, especially given the uncertainty regarding climatic effects in the near future. The
Lower Columbia River chum salmon ESU therefore remains at "moderate" risk of extinction,
and the viability is largely unchanged from the prior review.
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Table 43. Current five-year geometric mean of raw natural-origin spawner abundances and recovery
targets (Dornbusch 2013) for Lower Columbia River chum salmon demographically independent
populations (DIPs). Colors indicate the relative proportion of the recovery target currently
obtained: red = <10%, orange =10% > x < 50%, yellow =50% > x <100%, green = >100%.
Numbers in parentheses represent total (hatchery and natural-origin) spawners.

Abundance
Stratum  Population 2015-19 Target
Coast Youngs Bay FA (OR) <500
Grays/Chinook River FA (WA) 1,600
Big Creek FA (OR) <500
Elochoman/Skamokawa FA (WA) 1,300
Clatskanie River FA (OR) 1,000
Mill/Abernathy/Germany Creeks 1,300
(WA)
Scappoose Creek (OR) 1,000
Cascade Cowlitz River SU (WA) 900
Cowlitz River FA (WA) 900
Kalama River FA (WA) 900
Lewis River FA (WA) 1,300
Salmon Creek FA (WA) n/a
Clackamas River FA (OR) 500
Sandy River FA (OR) 1,000
Washougal River (WA) 1,300
Gorge Lower Gorge FA (WA & OR) 2,000
Upper Gorge FA (WA & OR) 900
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Upper Willamette River Chinook Salmon ESU

Brief description of ESU

The ESU includes all naturally spawning populations of spring-run Chinook salmon in the
Clackamas River, the Willamette River (and its tributaries) above Willamette Falls, Oregon,
and several artificial propagation programs (Figure 77; USOFR 2020). Seven demographically
independent populations (DIPs) were identified by the TRT (Myers et al.2006).
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