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Executive Summary

The Endangered Species Act (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. Assessments of the viability of ESA-listed Pacific salmonids were conducted by
the Southwest Fisheries Science Center and the Northwest Fisheries Science Center. The
information from these assessments is incorporated into the West Coast Region’s status
review, and the NMFS West Coast Region will make final determinations about any
proposed changes in listing status, taking into account not only biological information
(viability assessments) but also threats to the species and ongoing or planned protective
efforts.

This report from the Southwest Fisheries Science Center covers 10 ESA-listed
Evolutionarily Significant Units (ESUs) and Distinct Population Segments (DPSs) that lie
wholly or partially in California. In this review, we consider 1) new information relevant
to the delineation of ESU/DPS boundaries, and 2) new information on status and trends
in abundance, productivity, spatial structure and diversity specifically addressed by
viability criteria previously developed by Technical Recovery Teams (TRTS). These
viability assessments summarize current information (through the 2014-2015 spawning
year where available) with respect to the viability criteria developed by the TRTSs.
Consequently, the current assessments consider not only changes in populations that have
occurred since the 2010 assessments but also the status of populations and ESUs/DPSs in
relation to the viability criteria developed by the TRTs.

For eight of the ESUs/DPSs (Southern Oregon/Northern California Coho Salmon,
Central California Coast Coho Salmon, California Coastal Chinook Salmon, Northern
California Steelhead, Central California Coast Steelhead, South-central California
Steelhead, Southern California Steelhead, and California Central Valley Steelhead) the
new information suggests that there has been no change in extinction risk since 2010
viability assessments. For two ESUs (Central Valley Spring-run Chinook Salmon, and
Sacramento River Winter-run Chinook Salmon) the new information suggests a change
in extinction risk. The viability of Central Valley Spring-run Chinook salmon appears to
have improved since the 2010 assessment, but this ESU is far from being viable and is
still facing relatively high extinction risk. The viability of Sacramento River Winter-run
Chinook Salmon has been reduced and the ESU faces greater extinction risk since the
2010 assessment.
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1 Introduction and Summary of Findings

1.1 Introduction

The Endangered Species Act (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. In June 2005, NMFS issued final listing determinations for 16 Evolutionarily
Significant Units (ESUs) of Pacific Salmon (Oncorhynchus spp.), and in January 2006
NMFS issued final listing determinations for 10 Distinct Population Segments (DPS)s of
steelhead (the anadromous form of rainbow trout: O. mykiss). The NMFS last conducted
reviews in 2010. Therefore, the NMFS is conducting its 5-year status review of 28
currently listed Pacific salmonid ESUs/DPSs". The review is being conducting by the
NMFS West Coast Region Office. Assessments of the viability of ESA-listed Pacific
salmonids are being conducted by the Southwest Fisheries Science Center and the
Northwest Fisheries Science Center. The information from these assessments will be
incorporated into the West Coast Region’s review, and the NMFS West Coast Region
will make final determinations about any proposed changes in listing status, taking into
account not only biological information (viability assessments) but also threats to the
species and ongoing or planned protective efforts.

This report covers 10 ESA-listed ESUs/DPSs that lie wholly or partially in California®.
The Northwest Fisheries Science Center has developed a companion report for listed
ESUs/DPSs in Oregon, Washington, and Idaho (Northwest Fisheries Science Center
2015).

In this review, we consider 1) new information relevant to the delineation of ESU/DPS
boundaries, and 2) new information on status and trends in abundance, productivity,
spatial structure and diversity specifically addressed by viability criteria previously
developed by Technical Recovery Teams (TRTS). These viability assessments summarize
current information (through the 20142015 spawning year where available) with respect
to the viability criteria developed by the TRTs. Consequently, the current assessments
consider not only changes in populations that have occurred since the 2010 assessments
but also the status of populations and ESUs/DPSs in relation to the viability criteria
developed by the TRTs.

! Federal Register Volume 80 Number 25, 6 February 2015, — see
https://www.federalregister.gov/articles/2015/02/06/2015-02337/endangered-and-threatened-species-
initiation-of-5-year-reviews-for-32-listed-species-of-pacific

2 The Southern Oregon/Northern California Coast Coho Salmon ESU includes populations in coastal basins
of southern Oregon.



1.2 An Overview of New Information for Consideration of Boundary Delineations
of Listed California ESUs/DPSs

As previously discussed, NMFS is required to review the status of Endangered Species
Act (ESA) listed groups every five years. As part of that process, it is necessary to
evaluate the geographic or ecological boundaries of listed Evolutionarily Significant
Units (ESUs) and Distinct Population Segments (DPSs) to determine if new information
is available that suggests a boundary change could be warranted.

Chinook Salmon

Chinook salmon (O. tshawytscha) are distributed in coastal basins north of the Golden
Gate (entrance to San Francisco Bay) and in the Sacramento/San Joaquin River and
associated Bay/Delta systems of California’s Central Valley. In California, six ESUs
have currently been identified. The Southern Oregon/Northern California Coastal
(SONCC) ESU includes populations from Cape Blanco in the north to the lower Klamath
River in the south. The California Coastal (CC) ESU includes populations from Redwood
Creek in the north to the Russian River (inclusive) in the south. The Upper Klamath and
Trinity Rivers ESU includes populations spawning upstream of the confluence of these
two rivers. The Central Valley contains three ESUs, one of which, Fall-run/Late Fall-run
Chinook salmon, currently extends from Carquinez Strait into the Sacramento and San
Joaquin rivers and their tributaries. The other two ESUs, Sacramento River Winter-run
Chinook salmon (SRWRC) and Central Valley Spring-run Chinook salmon (CVSRC), do
not extend into the Bay/Delta Region at all. The Coastal California Chinook Salmon ESU
and the Central Valley Spring-run Chinook Salmon ESU are ESA Threatened, the
Sacramento River Winter-run Chinook Salmon ESU is ESA Endangered, and the other
ESUs are not listed.

The previous viability assessment (Williams et al. 2011) discussed the fact that
populations that lie between the lower boundary of the Central Valley Fall-run ESU
(Carquinez Straits) and the southern boundary of the California Coastal ESU (Russian
River) were not included in either ESU, despite the fact that Chinook salmon had been
reported in several basins. Available genetic evidence indicated fish from the Guadalupe
and Napa rivers in San Francisco and San Pablo bays had close affinity with Central
Valley Fall-run Chinook (C. Garza, NMFS SWFSC, unpublished data; Garza and Pearse
2008), and it was recommended that fish from these two watersheds be included in the
Central Valley Fall-run Chinook Salmon ESU. Evidence for fish in Lagunitas Creek was
equivocal, with 17 samples assigned almost equally between California Coastal Chinook
Salmon and Central Valley Fall-run Chinook Salmon. The review team tentatively
concluded that Lagunitas Creek Chinook salmon should be considered part of the
California Coastal ESU pending additional data (Williams et al. 2011). NMFS
subsequently indicated that a boundary change was under consideration (76 FR 50447);
however, no action has been taken to date. There is no new genetic information that helps
resolve this issue (C. Garza, NMFS SWFSC, personal communication).



The San Joaquin Delta and entire watershed is excluded as Critical Habitat and its
populations are considered extirpated (64 FR 50394; 70 FR 52488). Information on the
presence of fish exhibiting spring-run behavior in San Joaquin River tributaries may
represent passive recolonization of Central Valley Spring-run Chinook salmon in the San
Joaquin River basin. Thus, there is value in continuing to monitor these populations to
evaluate the extent to which populations in the San Joaquin River tributaries warrant
inclusion in the ESU boundary. No new information suggests that the boundary of this
ESU should change or that its status as an ESU should change.

Coho Salmon

Coho salmon (O. kisutch) are distributed in coastal California basins from the Oregon
border in the north to Monterey Bay in the south and historically were present in the San
Francisco/San Pablo Bay system, where they are now extirpated. Populations to the north
of Punta Gorda, from the Mattole River north, are assigned to the SONCC Coho Salmon
ESU, whereas populations to the south of Punta Gorda to Aptos Creek are part of the
Central California Coast (CCC) Coho Salmon ESU. The SONCC Coho Salmon ESU is
ESA Threatened, whereas the CCC Coho Salmon ESU is ESA Endangered. In 2003,
NMFES Southwest Fisheries Science Center conducted an extensive genetic survey of
coho salmon populations in coastal California. Genetic samples were taken from juvenile
coho salmon collected at 30 sites in 23 different watersheds spanning the SONCC- and
CCC-Coho Salmon ESUs. Multiple analyses of microsatellite data provided consistent
and strong support for the current ESU boundary at Punta Gorda (Gilbert-Horvath et al.,
in press). These data show clear separation between populations north and south of Punta
Gorda, the current southern boundary of the ESU. The Biological Review Team for the
Oregon Coast Coho Salmon ESU reviewed genetic data and concluded that a
reconsideration of the ESU boundary between the SONCC Coho Salmon ESU and
Oregon Coast Coho Salmon ESU was not necessary (Stout et al. 2010).

The initial status review for the CCC-Coho Salmon ESU (Weitkamp et al. 1995) defined
the ESU as populations from Punta Gorda southward to and including the San Lorenzo
River. Since that time, the boundary has been extended southward to include Soquel and
Aptos creeks (77 FR 19552) based on analysis of historical and recent evidence of
occurrence as well as environmental conditions in these two watersheds (Spence et al.
2011). Successful reproduction of coho salmon in Soquel Creek was again documented in
the summer of 2015 (B. Spence and J. Kiernan, NMFS SWFSC, personal
communication), which supports the boundary extension.

Steelhead

Steelhead/rainbow trout (O. mykiss) are distributed throughout California, in coastal
streams from the Oregon border in the north to the border with Mexico in the south, and
throughout the Central Valley. In addition, O. mykiss populations are present in nearly all
of the tributaries upstream of dams constructed over the last century. There are a total of
six DPSs in California, with one in the Central Valley and five on the coast.



The Klamath Mountains Province Steelhead DPS begins at the Elk River in Oregon and
extends to the Klamath/Trinity basin in California, inclusive. The Northern California
Steelhead DPS extends from Redwood Creek in the north to the Gualala River in the
south, inclusive. The Central California Coast Steelhead DPS begins at the Russian

River, contains populations in streams tributary to the San Francisco/San Pablo Bay
system, and stretches south to Aptos Creek, inclusive. The South-Central California
Coast Steelhead DPS starts at the Pajaro River in the Monterey Bay Region and continues
to Arroyo Grande in San Luis Obispo Bay. The Southern California Steelhead DPS
begins at the Santa Maria River, inclusive, and stretches to the border with Mexico. The
California Central Valley Steelhead DPS includes all populations in the Sacramento/San
Joaquin River system and its delta. All of these DPSs include only potentially
anadromous fish below definitive natural or manmade barriers to anadromy. The Klamath
Mountains Province DPS is not ESA listed, the Southern California DPS is ESA
Endangered, and all of the others are ESA Threatened.

We recommend a change in boundary delineation of the California Central Valley
Steelhead DPS. This DPS includes steelhead populations spawning in the Sacramento and
San Joaquin rivers and their tributaries. Hatchery stocks within the DPS include Coleman
National Fish Hatchery and Feather River Hatchery; steelhead in the Nimbus Hatchery
and Mokelumne River Hatchery are currently excluded from the DPS. New genetic
analysis show that the steelhead broodstock currently propagated in the Mokelumne River
Hatchery is genetically similar to the steelhead broodstock in the Feather River Hatchery
(Pearse and Garza 2015), which is consistent with documentation on the recent transfers of
eggs from the Feather River Hatchery for broodstock at the Mokelumne River Hatchery. The
Nimbus Hatchery steelhead remain genetically divergent from the California Central Valley
DPS lineages, consistent with their founding from coastal steelhead populations, and remain
excluded from the DPS (Pearse and Garza 2015). Thus, we recommend a change in boundary
delineation; the boundary of the California Central Valley DPS should be modified to include
steelhead from the Mokelumne River Hatchery.

In the previous viability assessment (Williams et al. 2011) it was determined that new
genetic population structure data not available at the time of the original DPS delineation
suggest several potential boundary changes may be warranted for coastal California
DPSs. Williams et al. (2011) discuss these data and potential boundary delineation
changes. For example, Clemento et al. (2009) found no evidence for a genetic boundary
between the two southernmost DPSs, and Bjorkstedt et al. (2005) presented analyses
indicating that genetic boundaries in the northern coastal DPSs coincide with current
boundaries in one regional area, between the Northern California and Central California
Coast DPSs. No potential changes in DPS boundaries involving the Central Valley were
suggested by these recent genetic data. Since the previous assessment, data analyzed by
Bjorkstedt et al. (2005) has been published (Garza et al. 2014).

Based on these new data and information, it was recommended that a Biological Review
Team (BRT) be convened to compile, review, and evaluate the best available scientific
and commercial information on steelhead genetics, life history and biology, and the
ecological/habitat requirements of steelhead that are relevant to evaluate current
boundaries and potential DPS boundary changes. The BRT review has yet to be



conducted, and therefore the existing boundary delineations of coastal California
steelhead DPSs were used in this report.

1.3 Summary of Findings

Climatic conditions affect salmonid abundance, productivity, spatial structure, and
diversity through direct and indirect impacts at all life stages (e.g., Crozier et al. 2008;
ISAB 2007; Lindley et al. 2007; Moyle et al. 2013; Wainwright and Weitkamp 2013).
Salmon have adapted to a wide variety of climatic conditions in the past, and thus
inherently could likely survive substantial climate change at the species level in the
absence of other anthropogenic stressors.

Currently, the adaptive ability of these threatened and endangered species is depressed
due to reductions in population size, habitat quantity and diversity, and loss of behavioral
and genetic variation. Without these natural sources of resilience, systematic changes in
local and regional climatic conditions due to anthropogenic global climate change will
likely reduce long-term viability and sustainability of populations in many of these ESUs
and DPSs. Adapting to climate change may eventually involve changes in multiple life-
history traits and/or local distribution, and some populations or life-history variants might
die out. Importantly, the character and magnitude of these effects will vary within and
among ESUs/DPSs.

California has experienced well below average precipitation in each of the past four water
years (2012, 2013, 2014, and 2015), record high surface air temperatures the past two
water years (2014 and 2015), and record low snowpack in 2015. Some paleoclimate
reconstructions suggest that the current four-year drought is the most extreme in the past
500 or perhaps more than 1000 years. Anomalously high surface temperatures have made
this a “hot drought”, in which high surface temperatures substantially amplified annual
water deficits during the period of below average precipitation.

Four consecutive years of drought and the past two years of exceptionally high air,
stream, and upper-ocean temperatures have together likely had negative impacts on the
freshwater, estuary, and marine phases for many populations of Chinook salmon, coho
salmon, and steelhead.

Monitoring in coastal basins in California, most notably those basins north of Aptos
Creek (Santa Cruz County) to the Oregon border, has improved considerably since the
2010 viability assessment as a result of the implementation of the Coastal Monitoring
Plan®. The Coastal Monitoring Plan framework provides population abundance estimates
at the appropriate spatial scale (i.e., population unit) and has greatly expanded the number
of populations being monitoring in these coastal basins. Unfortunately, lack or limited
implementation of the Coastal Monitoring Plan in the South Central California Coast and

® For information on the California Coastal Monitoring Program:
http://www.calfish.org/ProgramsData/ConservationandManagement/CaliforniaCoastalMonitoring.aspx
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Southern California Coast Steelhead DPSs prevents an adequate assessment of viability
of these steelhead DPSs. In addition, the few estimates available at the population unit
spatial scale from the Oregon portion of the Southern Oregon/Northern California Coho
Salmon ESU for the 2010 assessment are no longer collected and therefore no estimates
at the population spatial scale are available for Oregon populations of the SONCC-Coho
Salmon ESU.

For eight of the ESUs/DPSs (Southern Oregon/Northern California Coho Salmon,
Central California Coast Coho Salmon, California Coastal Chinook Salmon, Northern
California Steelhead, Central California Coast Steelhead, South-central California
Steelhead, Southern California Steelhead, and California Central Valley Steelhead) the
new information suggests that there has been no change in extinction risk since 2010
viability assessment (Table 1.1). For two ESUs (Central Valley Spring-run Chinook
Salmon, and Sacramento River Winter-run Chinook Salmon) the new information
suggests a change in extinction risk. The viability of Central Valley Spring-run Chinook
salmon appears to have improved since the 2010 assessment, but this ESU is far from
being viable and is still facing relatively high extinction risk. The viability of Sacramento
River Winter-run Chinook Salmon has been reduced and the ESU faces greater extinction
risk since the 2010 assessment.

For considering if there has been a change in the extinction risk of an ESU/DPS, data and
information were considered in the context of the Technical Recovery Team (TRT)
viability criteria and not solely determined by a change in trend/viability since the 2010
assessment. In general, as Table 1.1 illustrates, ESUs or DPSs that the previous
assessment (Williams et al. 2011) considered likely to become endangered are missing
populations from diversity strata and only a portion of the populations are currently
known to be extant.



Table 1.1. Summary of current listing status, and summary of current assessments of new and additional data, changes in
trends/viability since 2010 assessment, spatial extent of current populations, and current viability of populations. Note that known
low-risk independent populations are those populations that are demonstrably low-risk.

Current review

ESU/DPS Listing Change in Diversity strata Extant Known low-risk 5-year update
status trend/viability occupied independent independent (this assessment)
since 2010 (occupied/total)  populations populations Change in extinction
assessment (extant/total) (viable/total) risk
SONCC coho salmon Threatened Mixed 717 27127 0/27 No change
CCC coho salmon Endangered Mixed 4/5 8/12° 0/12 No change
CA Coastal Chinook Threatened Mixed 4/4 fall run® 14/15 fall run® 0/15 No change
salmon 0/2 spring run  0/6 spring run 0/6
Northern CA steelhead Threatened Mixed 5/5 winter run 42/42 0/42 No change
2/2 summer run 5/10 0/10
CCC steelhead Threatened Uncertain 5/5 30?/37° 0/37 No change
South-central CA steelhead Threatened Negative 5/5 12?/13 0/13 No change
Southern CA steelhead Endangered Uncertain 3?/5 117/18 0/18 No change
CV Spring Chinook salmon Threatened Improved 3/4 (214)° 4/18 1/18 Decreased risk of
extinction
CA Central Valley Threatened Uncertain 507/81 0/81° No change
steelhead
Sac. River Winter Chinook Endangered Negative 0/1 1/4 1/4 Increased risk of
salmon extinction

a — Coho salmon have been occasionally observed in Walker Creek, Pescadero Creek, and the San Lorenzo River in the last 10 years; however, all of these observations are
apparently a consequence of hatchery strays, and there is no evidence of persistent occurrence in these three watersheds.

b — Populations in the North-Central Coastal Diversity Stratum — were previously believed extirpated; however, recent monitoring has indicated small numbers of spawners in the
Ten Mile River, Noyo River, and Big River.

¢ — Five populations were previously thought to be extirpated (Ten Mile, Noyo, Big, Navarro, and Garcia rivers); however, recent monitoring indicates low numbers of spawners
are returning in most years.

d - Current occupancy is uncertain for 7 populations in San Francisco Bay area and coastal Marin and Santa Cruz counties; in some of these systems, O. mykiss may still be
present, but it is unclear if the anadromous form still occurs in the watershed.

e — As proposed by the TRT, one diversity stratum for Central Valley Spring-run Chinook salmon consisted only of dependent populations, so only two of four diversity strata in
this ESU are occupied by independent populations.

f — Populations assumed extant if some historical habitat currently accessible.

g — Most populations in this DPS are data deficient; the few with data are at high risk of extinction.



2 Climate and Ocean Conditions

Lisa G. Crozier and Nathan J. Mantua

2.1 Climate Effects

Projected Impacts of Future Climate Change on West Coast Salmon

Climatic conditions affect salmonid abundance, productivity, spatial structure, and
diversity through direct and indirect impacts at all life stages (e.g., ISAB 2007; Lindley et
al. 2007; Crozier et al. 2008; Moyle et al. 2013; Wainwright and Weitkamp 2013).
Salmon have adapted to a wide variety of climatic conditions in the past, and thus
inherently could likely survive substantial climate change at the species level in the
absence of other anthropogenic stressors.

Currently, the adaptive ability of these threatened and endangered species is depressed
due to reductions in population size, habitat quantity and diversity, and loss of behavioral
and genetic variation. Without these natural sources of resilience, systematic changes in
local and regional climatic conditions due to anthropogenic global climate change will
likely reduce long-term viability and sustainability of populations in many of these ESUs
and DPSs. Adapting to climate change may eventually involve changes in multiple life-
history traits and/or local distribution, and some populations or life-history variants might
not survive. Importantly, the character and magnitude of these effects will vary within and
among ESUs/DPSs.

The Intergovernmental Panel on Climate Change (IPCC) and U.S. Global Change
Research Program recently published updated assessments of anthropogenic influence on
climate, as well as projections of climate change over the next century (IPCC 2013;
Melillo et al. 2014). Reports from both groups document ever-increasing evidence that
recent warming bears the signature of rising concentrations of greenhouse gas emissions.

The U.S. Global Change Research Program report contains regional-focus chapters for
the northwest ( Snover et al. 2013; Mote et al. 2014) and southwest U.S. (Garfin et al.
2014). These regional reports synthesize information from an extensive literature review,
including a broad array of analyses of regional observations and climate change
projections. These synthesis reports were the primary source for this West Coast
summary. References to the primary literature can be found in those reports. Updates to
this summary can be found in annual literature reviews conducted by National Marine
Fisheries Service (available at
http://www.nwfsc.noaa.gov/trt/lcm/freshwater _habitat.cfm).

Historical Climate Trends

Observed historical trends in climate reflect the early influence of greenhouse gas
emissions, and often indicate the general direction of future climate change. These
observations also reflect natural variability in climate at multiple time scales. Natural



variability alternately intensifies and relaxes (or partially reverses) the long-term trends.
Attribution of historical trends to anthropogenic factors is most certain at the global scale
over time scales of centuries to millennia because at these scales we can better account
for natural variability.

Historical records show pronounced warming in both sea-surface and land-based air
temperatures. There is moderate certainty that the 30-year average temperature in the
Northern Hemisphere is now higher than it has been over the past 1,400 years. In
addition, there is high certainty that ocean acidity has increased with a drop in pH of 0.1.
Furthermore, glaciers and sea-ice have receded, while sea level has risen (global mean
rose 0.19 m over the last century). In recent decades, the frequency of extreme high
temperature or heavy precipitation events has increased in many regions. An
anthropogenic influence on this shift in frequency is “very likely” (IPCC 2014).

Regional and local trends include the following observations:
e In both the Northwest and Southwest:
= air temperatures have increased since the late 1800s
= springtime snow-water equivalent has decreased (since 1950)
= snowmelt occurs earlier in the year

¢ In the Southwest, drought over the past four years is unprecedented in the
historical record and may be the worst in over 1,000 years. This drought has been
attributed to a combination of anthropogenic influence on temperature and natural
variability in precipitation (Williams et al. 2015). Trends in precipitation vary
spatially up or down, with no statistically significant trends in precipitation
averages or extremes in the Northwest.

e In both the Northwest and Southwest, widespread tree mortality has been
observed, wildfires have increased in both frequency and area burned, and insect
outbreaks have increased (Garfin et al. 2014; Mote et al. 2014).

e Historical trends in the California Current are heavily influenced by patterns in
wind-driven ocean circulation, which correlates with large-scale climate drivers
such as the North Pacific Gyre Oscillation (Peterson et al. 2013) and Pacific
Decadal Oscillation (Jacox et al. 2014). Spatially variable trends in upwelling
intensity (Jacox et al. 2014) and hypoxia (Peterson et al. 2013), and longer trends
in atmospheric forcing and sea surface temperature (Johnstone and Mantua 2014)
probably reflect natural climate variability to a much greater extent than
anthropogenic forcing.

e The pH of the California Current has decreased by about 0.1 and by 0.5 in
aragonite saturation state since pre-industrial times (Hauri et al. 2009).
Furthermore, infrastructure in coastal areas is increasingly damaged by erosion
and flooding (Garfin et al. 2014; Mote et al. 2014; Sweet et al. 2014).

Projected Climate Changes

Trends in warming and ocean acidification are highly likely to continue during the next
century (IPCC 2103). Scenarios considered in the IPCC fifth assessment report range
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from the severely curtailed greenhouse gas emissions of representative concentration
pathway (RCP) 2.6 to business as usual in RCP 8.5.

Based on means across global climate models spanning the full breadth of these
emissions scenarios, IPCC projected the following ranges across the Northern
Hemisphere by 2081-2100:

e Spring snow cover declines of 7-25%

e Glacier recessions of 15-85%

e Sea surface temperature increases of 1.1-3.6°C
e Global sea level increases of 11-38 inches

e Global ocean pH decreases of 38 to 109%, which correspond to a drop in pH of
0.14-0.32.

Regional projections add spatial variability and specificity to these themes. In winter
across the west, the highest elevations (e.g., in the Rocky Mountains) will shift from
consistent longer (>5 months) snow-dominated winters to a shorter period (3-4 months)
of reliable snowfall (Klos et al. 2014); lower, more coastal or more southerly watersheds
will shift from consistent snowfall over winter to alternating periods of snow and rain
(“transitional”); lower elevations or warmer watersheds will lose snowfall completely,
and rain-dominated watersheds will experience more intense precipitation events and
possible shifts in the timing of the most intense rainfall (e.g., Salathé et al. 2014).

By the 2080s, Tohver et al. (2014) anticipate a complete loss of snow-dominated basins
in the Cascades and U.S. portion of the Rockies, with only a few “mixed” basins of rain-
and snow-fed runoff remaining at the highest elevations. Flooding is projected to increase
in basins that experience a mix of snow and rain in winter (Mote et al. 2014; Salathé et al.
2014; Tohver et al. 2014). Erosion and flooding in coastal areas are projected to increase
with rising sea levels (Garfin et al. 2014; Mote et al. 2014; Sweet et al. 2014).

Among seasons, the greatest temperature shifts are expected in summer. Warmer summer
air temperatures will increase both evaporation and direct radiative heating. When
combined with reduced winter water storage, warmer summer air temperatures will lead
to lower minimum flows in many watersheds. Higher summer air temperatures will
depress minimum flows and raise maximum stream temperatures even if annual
precipitation levels do not change (e.g., Sawaske and Freyberg 2014). Summer
precipitation also influences summer flows, but projections for precipitation are less
certain than for temperature. Coastal weather can differ from region-wide projections due
to changes in fog, on-shore winds, or precipitation (Johnstone and Dawson 2010; Potter
2014).

Widespread ecosystem shifts are very likely, and may be abrupt due to disturbances from
increasing wildfires, insect outbreaks, droughts, and tree diseases (Garfin et al. 2014;
Mote et al. 2014). Climate projections often favor invasive fish species over native
species, with declines exacerbated by the greater vulnerability of native species to
existing anthropogenic stressors (Lawrence et al. 2012; Lawrence et al. 2014; Quifiones
and Moyle 2014).
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In response to projected changes in both climate and land use practices, estuary dynamics
are expected to change as well, with depth and salinity altered by changing sea level,
upwelling regimes, and freshwater input (Yang et al. 2015). Intense upwelling events can
move hypoxic and acidic water into estuaries, especially when freshwater input is
reduced (e.g., Columbia River estuary, Roegner et al. 2011). Sea level projections differ
at local versus global scales due to local wind and temperature trends and land
movement. Specifically, the National Research Council (2012) predicted a lower rise in
sea level off the coasts of Washington and Oregon (62 cm) than off the coast of
California (92 cm) by 2100.

Higher sea surface temperatures and increased ocean acidity are predicted for marine
environments in general (IPCC 2013). However, regional marine impacts will vary,
especially in relation to productivity. The California Current is strongly influenced by
seasonal upwelling of cool, deep, water that is high in nutrients and low in dissolved
oxygen and pH. Ecological effects of climate change in the California Current are very
sensitive to impacts on upwelling intensity, timing, and duration. Projections of how
climate change will affect upwelling are highly variable across models, with predicted
trends ranging from negative to positive (Bakun 1990; Mote and Mantua 2002; Snyder et
al. 2003; Diffenbaugh et al. 2008; Bakun et al. 2010). An analysis of 21 global climate
models found that most predicted a slight decrease in upwelling in the California Current,
although there is a latitudinal cline in the strength of this effect, with less impact toward
the north (Rykaczewski et al. 2015).

Much of the near-shore California Current is expected to be corrosive (undersaturated in
aragonite) in the top 60 m during all summer months within the next 30 years, and
year-round within 60 years (Gruber et al. 2012). Thermal stratification and hypoxia are
expected to increase (Doney et al. 2014).

Impacts on Salmon

Studies examining the effects of long-term climate change to salmon populations have
identified a number of common mechanisms by which climate variation is likely to
influence salmon sustainability. These include direct effects of temperature such as
mortality from heat stress, changes in growth and development rates, and disease
resistance. Changes in the flow regime (especially flooding and low flow events) also
affect survival and behavior. Expected behavioral responses include shifts in seasonal
timing of important life-history events, such as the adult migration, spawn timing, fry
emergence timing, and juvenile migration.

Indirect effects on salmon mortality, growth rates and movement behavior are also
expected to follow from changes in the freshwater habitat structure and the invertebrate
and vertebrate community, which governs food supply and predation risk (Petersen and
Kitchell 2001; ISAB 2007; Crozier et al. 2008). Both direct and indirect effects of climate
change will vary among Pacific salmon ESUs and among populations in the same ESU.
Adaptive change in any salmonid population will depend on the local consequences of
climate change as well as ESU-specific characteristics and existing local habitat
characteristics.
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Because climate has such profound effects on survival and fecundity, salmon physiology
and behavior are exquisitely adapted to local environmental conditions. These
adaptations vary systematically among populations and are exhibited in traits such as age
and timing of juvenile and adult migrations, with potential differences in physiology and
migration routes (Quinn 2005). These traits often have a significant plastic (hnon-genetic)
component, which allows them to respond quickly to environmental change. Yet these
traits also differ genetically among populations (Carlson and Seamons 2008).

Directional climate change could therefore drive many salmonid populations into a
maladaptive state. Such an outcome would likely cause reductions in abundance,
productivity, population spatial structure, and population diversity. In some cases, this
can lead to extirpation if a population cannot adapt quickly enough. In other cases an
adaptive solution may not exist because of conflicting pressures within or between life
stages.

Climate impacts in one life stage generally affect body size or timing in the next life
stage. For this reason, the cumulative life-cycle effects of climate change must be
considered to fully appreciate the scope of risk to a given population. Even without
interactions among life stages, the sum of impacts in many stages will have cumulative
effects on population dynamics.

Climate effects tend to be negative across multiple life stages (Healey 2011; Wade et al.
2013; Wainwright and Weitkamp 2013). However, there may be mitigating responses in
some ESUs or life stages. Individualistic impacts within and among ESUs will depend on
factors such as existing physical and biological heterogeneity, proximity to the limits of
physiological tolerance under present climate conditions, and the extent of localized
climate change.

In many cases, directional climate change exacerbates existing anthropogenic threats.
Examples include streams or rivers where stream temperatures are already elevated due
to land-use modifications (Battin et al. 2007) or where flow is reduced due to water
diversions (Walters et al. 2013). In the Columbia River, dams have altered the
hydrological regime by causing an earlier and smaller freshet, which is the same type of
effect expected from climate change (Naik and Jay 2011a; Naik and Jay 2011b). Any of
these stressors in combination with one another or with climate impacts will present
pressures of much greater concern than they would individually, but they also offer
potential solutions (McClure et al. 2013).

Changes in winter precipitation will likely affect incubation and/or rearing stages of most
populations. Changes in the intensity of cool-season precipitation could influence
migration cues for fall and spring adult migrants, such as coho salmon and steelhead. Egg
survival rates may suffer from more intense flooding that scours or buries redds.

Changes in hydrological regime, such as a shift from mostly snow to more rain, could
drive changes in life history, potentially threatening diversity within an ESU. It is
possible that even characteristic life-history traits used to help define the ESU will be
threatened. For example, the juvenile freshwater rearing period is very sensitive to
temperature, with the yearling life-history strategy used only by populations in cooler
watersheds (Beechie et al. 2006). Frequency of the yearling life-history type will likely
decline as movement downstream into estuaries or near-shore habitat is initiated at
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younger ages. Implications of this behavioral shift for juvenile survival, ocean migration
behavior, and age at maturity are uncertain.

Changes in summer temperature and flow will affect both juvenile and adult stages in
some populations, especially those with yearling life histories and summer migration
patterns. Juvenile rearing and migration survival is often correlated with these factors
(Quinn 2005; Crozier and Zabel 2006; Crozier et al. 2010 ).

Adults that migrate or hold during peak summer temperatures can experience very high
mortality in unusually warm years. For example, in 2015 only 4% of adult Redfish Lake
sockeye salmon survived the migration from Bonneville Dam to Lower Granite Dam
after confronting temperatures over 22°C in the lower Columbia River. After prolonged
exposure to temperatures over 20°C, salmon are especially likely to succumb to diseases
that they might otherwise have survived (Materna 2001; Miller et al. 2014). They are also
more vulnerable to any sort of stress, such as catch-and-release fisheries (Boyd et al.
2010).

Changing hydrology and temperature will also affect the timing of smolt migrations and
spawning (Crozier and Hutchings 2014; Hayes et al. 2014; Otero et al. 2014). If smolts
migrate at a smaller size because they leave freshwater habitat earlier, they might have
lower survival due to size-selective predation (Thompson and Beauchamp 2014). Marine
arrival timing is extremely important for smolt-to-adult survival (Scheuerell et al. 2009),
and has been historically synchronized with the timing and predictability of favorable
ocean conditions (Spence and Hall 2010). Given the uncertain effects of climate change
on upwelling timing and intensity, impacts on juvenile survival from shifts in migration
timing are also difficult to predict.

In some populations, behavior during the early ocean stage is consistent among years,
suggesting a genetic rather than a plastic response to environmental conditions (Burke et
al. 2014; Hassrick et al. 2016). These populations might change their behavior over time
if the fitness landscape changes, but responses will likely be relatively slow and could be
dominated by decadal ocean dynamics or productivity outside the California Current
(e.g., the Gulf of Alaska for northern migrants).

Other populations show more variable behavior after ocean entry (Weitkamp 2010;
Fisher et al. 2014), and some show heightened sensitivity to interannual climate variation,
such as the El Nifio Southern Oscillation (L. Weitkamp, NMFS NWFSC, personal
communication). Such variability might increase ESU-level resilience to climate change,
assuming some habitats remain highly productive.

Marine migration patterns could also be affected by climate-induced contraction of
thermally suitable habitat. Abdul-Aziz et al. (2011) modeled changes in summer thermal
ranges in the open ocean for Pacific salmon under multiple IPCC warming scenarios. For
chum salmon, pink salmon, coho salmon, sockeye salmon, and steelhead, they predicted
contractions in suitable marine habitat of 30-50% by the 2080s, with an even larger
contraction (86-88%) for Chinook salmon under the medium and high emissions
scenarios (A1B and A2).

Northward range shifts are a climate response expected in many marine species,
including salmon (Cheung et al. 2015). However, salmon populations are strongly
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differentiated in the northward extent of their ocean migration, and hence will likely
respond individualistically to widespread changes in sea surface temperature.

In most Pacific salmon species, size at maturation has declined over the past several
decades. This trend has been attributed in part to rising sea surface temperatures (Bigler
et al. 1996; Pyper and Peterman 1999; Morita et al. 2005). Mechanisms involved in such
responses are likely complex, but appear to reflect a combination of density-dependent
processes, including increased competition due to higher salmon abundance in recent
years and temperature (Pyper and Peterman 1999). Temperature-related size effects could
involve increased metabolic costs at higher temperatures, and/or shifts in spatial
distribution in response to ocean conditions. Younger spawners affect population growth
rates by exhibiting lower fecundity and reducing the population stability that stems from
having multiple age classes reproduce.

Numerous researchers have reported that salmon marine survival is highly variable over
time and often correlated with large-scale climate indices (Mueter et al. 2002; Mueter et
al. 2005; Petrosky and Schaller 2010; Litzow et al. 2014; Stachura et al. 2014; Sydeman
et al. 2014). For example, Pacific salmon from Washington and Oregon exhibited
extremely low marine survival and dramatic population declines during a “warm phase”
of the Pacific Decadal Oscillation in the 1980s and 1990s (Levin 2003; Zabel et al. 2006).
These declines were attributed to low ocean productivity in the warm ocean of that
period.

Many fish communities, including key salmon prey and predators, experience changes in
abundance and distribution during warm ocean periods (Pearcy 2002; Wing 2006; Cheung
et al. 2009). However, food chain dynamics in the open ocean are flexible and difficult to
predict into the future.

The full implications of ocean acidification on salmon are not known at this time.
Olfaction and predator-avoidance behavior are negatively affected in some fish species,
including pink salmon (Leduc et al. 2013; Ou et al. 2015). Pink salmon also showed
reductions in growth and metabolic capacity under elevated CO, conditions (Ou et al.
2015). Some high-quality salmon prey (e.g., krill) might be negatively affected by ocean
acidification, but there are several possible pathways by which higher trophic levels
might compensate for changes at a lower trophic level. From their analysis of multi-
trophic responses to ocean acidification, Busch et al. (2013) concluded that impacts to
salmon could conceivably be positive. However, they emphasized that a better
understanding of both direct and indirect feedback loops is necessary before drawing
definitive conclusions.

To what extent a future warmer ocean will mimic historical conditions of warm-ocean,
low-survival periods is not known. Current indications are that a warmer Pacific Ocean is
generally less productive at mid latitudes, and hence likely to be less favorable for
salmon.

Analysis of ESU-specific vulnerabilities to climate change by life stage will be available
in the near future, upon completion of the West Coast Salmon Climate Vulnerability
Assessment being conducted by the National Marine Fisheries Service. Climate effects on
one Pacific salmon ESU, the Oregon coastal coho salmon ESU, were recently assessed
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by Wainwright and Weitkamp (2013); many of the effects they reported for this ESU are
likely shared by other ESUs (Table 2.1).

In summary, both freshwater and marine productivity tend to be lower in warmer years
for most populations considered in this assessment. These trends suggest that many
populations might decline as mean temperature rises. However, the once historically high
abundance of many California populations of Pacific salmonids is reason for optimism
and warrants considerable effort to restore the natural climate resilience of these species.

2.2 2012-2015 Drought Impacts on West Coast Salmon and Salmon Habitat

California has experienced well below average precipitation in each of the past four water
years (2012, 2013, 2014, and 2015), record high surface air temperatures the past two
water years (2014 and 2015), and record low snowpack in 2015. Some paleoclimate
reconstructions suggest that the current four-year drought is the most extreme in the past
500 or perhaps more than 1000 years. Anomalously high surface temperatures have made
this a “hot drought”, in which high surface temperatures substantially amplified annual
water deficits during the period of below average precipitation.

The combination of four consecutive years of drought and record-high air temperatures in
2014 and 2015 favored elevated stream temperatures, and these were documented to have
severe impacts in some watersheds. The lack of cold water behind Shasta Dam on the
upper Sacramento River, in combination with water release decisions, led to unfavorably
high stream temperatures below Shasta Dam 2014 (SRTTG 2014) and 2015. Brood years
2014 and 2015 experienced the lowest egg-to-fry survival rates on record (5.6% and
4.5%, respectively) (Poytress 2016, PFMC 2016). Concerns over a high potential for fish
kills in the Klamath River basin were also high in the summers of 2014 and 2015 because
of warm stream temperatures and elevated presence of pests and pathogens detected in
salmon. These concerns prompted emergency reservoir releases aimed at lowering
downstream temperatures to alleviate those risks.

Exceptionally Warm Ocean Conditions in the NE Pacific

Much of the northeast Pacific Ocean, including parts typically used by California salmon
and steelhead, experienced exceptionally high temperatures of the upper 100 m of the
ocean beginning early in 2014 and areas of extremely high ocean temperatures continued
to cover most of the northeast Pacific Ocean through all of 2015 (NMFS 2015). A “warm
blob” formed offshore of the Pacific Northwest (PNW) region in fall 2013 (Bond et al.
2015). Off the coast of southern and Baja California, upper ocean temperatures became
anomalously warm in spring 2014, and this warming spread to the central California
coast in July 2014. In fall 2014, a shift in wind and ocean current patterns caused the
entire northeast Pacific Ocean domain to experience unusually warm upper ocean
temperatures from the West Coast offshore for several hundred kilometers. In spring
2015 nearshore waters from Vancouver Island south to San Francisco mostly experienced
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Table 2.1. Projected climate changes affecting Oregon coho salmon (O. kisutch), as reported by Wainwright and Weitkamp (2013).
Abbreviations: LWD (large woody debris) ——strongly negative, — negative, o neutral, + positive, + + strongly positive.

Certainty Range of effects  Certainty
Physical/chemical pattern of change Process affecting Oregon coast coho salmon - - o + ++ ofeffect
Terrestrial habitat
Warmer, drier summers Moderate Increased flres,_lncr(_ease_d tree stress and disease affect LWD, X X X Low
sediment supplies, riparian zone structure
Reduced snow pack, . Increased growth of higher elevation forests affect LWD,
. High - A X X Low
warmer winters sediment, riparian zone structure
Freshwater habitat
Reduced summer flow High Less accessible summer rearing habitat X Moderate
Earlier peak flow High Potential migration timing mismatch X X X Moderate
Increased floods Moderate  Redd disruption, juvenile displacement, sediment dynamics X X X X Moderate
Higher summer stream Moderate Therma_l stress, regtrlcted hablt_at availability, increased N Moderate
temperature susceptibility to disease, parasites, and predators
Higher winter stream . .
temperatures Low Increased fry growth, shorter incubation X X Low
Estuarine habitat
High sea level High Reduced availability of wetland habitats Moderate
Higher water temperature Moderate ;’Pe%rg?glsstress, increased susceptibility to disease, parasites, and N Moderate
Combined effects Changing ecosystem composition and structure X X X Low
Marine habitat
Higher ocean temperature High T_hermal stresg, shifts in migration, range shifts, susceptibility to X X Moderate
disease, parasites, and predators
Intensified upwelling Moderate In_crez?s_ed nutrients (food supply), coastal cooling, ecosystem X X Low
shifts; increased offshore transport
Delayed spring transition Low Food timing mismatch with juvenile migrants, ecosystems shifts X Low
Intensified stratification Moderate  Reduced food supply, change in habitat structure X X Low
Increased acidity High Disruption of food supply, ecosystem shifts X X Moderate
Combined effects Changing ecosystem composition and structure; food supply and X X X X Low
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strong and at times above average coastal upwelling that created a relatively narrow band
(~50 to 100 km wide) of near normal upper ocean temperatures, while the exceptionally
high temperature waters remained offshore and in coastal regions to the south and north.

Expectations for Future Climate Risks and Likely Impacts on West Coast Salmon

Adult coho salmon returns from the fall/winter of 2015-2016 and in the fall/winter of
2016-2017 have likely been negatively impacted by poor stream and ocean conditions.
Adult Chinook salmon (and steelhead) returns for the fall/winter 2015-2016 and for the
next two to three years (depending on ocean residence times, maturing in 2016, 2017, and
2018) have likely been negatively impacted by poor stream or ocean conditions.

Typical of EI Nifio winters, there was a more coastally oriented warming of the northeast
Pacific in winter 2016 that persisted into early spring 2016. Spring 2016 ocean migrants
will likely encounter an ocean strongly influenced by (if not dominated by) a subtropical
food-web that favors poor early marine survival for both coho salmon and Chinook
salmon.

Summary

Four consecutive years of drought (2012—-2015) and the past two years (2014—2015) of
exceptionally high air, stream, and upper ocean temperatures have together likely had
negative impacts on the freshwater, estuary, and marine phases for many populations of
Chinook salmon, coho salmon, and steelhead.
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3 Southern Oregon / Northern California Coast Recovery Domain

Thomas H. Williams

3.1 Southern Oregon / Northern California Coast Coho Salmon ESU

The geographic setting of the Southern Oregon/Northern California Coho Salmon
Evolutionarily Significant Unit (SONCC-Coho Salmon ESU) includes coastal watersheds
from the Elk River (Oregon) in the north to the Mattole River (California) in the south.
The ESU is characterized by three large basins and numerous smaller basins across a
diverse landscape. The Rogue River and Klamath River extend beyond the Coast Range
and include the Cascade Mountains. The Eel River basin also extends well inland,
including higher elevation inland streams and those that experience drier, warmer
summer temperatures. The numerous smaller to medium-sized coastal basins in the ESU
experience relatively wet, cool, and temperate as compared to those of the interior sub-
basins of the Rogue River, Klamath River, and Eel River basins, which exhibit a range of
conditions including snowmelt-driven hydrographs, hot/dry summers, and cold winters.
The lower portions of these large basins are more similar to the smaller coastal basins in
terms of environmental conditions than they are to their interior sub-basins.

The Technical Recovery Team (TRT) for the SONCC-Coho Salmon ESU prepared two
documents intended to guide recovery planning efforts for the ESA-listed coho salmon.
The first of these reports described the historical population structure of the ESU
(Williams et al. 2006). In general, the historical population structure of coho salmon in
the SONCC-Coho Salmon ESU was characterized by small-to-moderate-sized coastal
basins where high quality habitat is in the lower portions of the basin and by three large
basins where high quality habitat was located in the lower portions, middle portions of
the basins provided little habitat, and the largest amount of habitat was located in the
upper portions of the sub-basins. The SONCC TRT categorized populations into one of
four distinct types based on its posited historical functional role in the ESU:

Functionally independent populations: populations with a high likelihood of
persisting over 100-year time scales and that conform to the definition of
independent “viable salmonid populations” offered by McElhany et al. (2000).

Potentially independent populations: populations with a high likelihood of persisting
over 100-year time scales, but that were too strongly influenced by immigration
from other populations to be demographically independent.

Dependent populations: populations believed to have had a low likelihood of
sustaining themselves over a 100-year time period in isolation and that received
sufficient immigration to alter their dynamics and extinction risk.

Ephemeral populations: populations that were both small enough and isolated
enough that they were only intermittently present.

In addition to categorizing individual populations, the population structure report also
placed populations into diversity strata, which are groups of populations that likely
exhibit genotypic and phenotypic similarity due to exposure to similar environmental
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conditions or common evolutionary history (Williams et al. 2006). This effort was a
prerequisite for development of viability criteria that consider processes and risks
operating at spatial scales larger than those of individual populations.

The second TRT report developed a framework for assessing viability of coho
populations in the SONCC-Coho Salmon ESU (Williams et al. 2008). This report
established biological viability criteria, from which delisting criteria were developed by a
federal recovery planning team (NMFS 2014a). These criteria consist of both population-
level viability criteria and ESU-level criteria. Application of these criteria requires time
series of adult spawner abundance spanning a minimum of four generations for
independent populations.

The population viability criteria represent an extension of an approach developed by
Allendorf et al. (1997) and include criteria related to population abundance (effective
population size), population decline, catastrophic decline, spawner density, and hatchery
influence (Table 3.1). In general, the spawner density low-risk criterion, which seeks to
ensure a population’s viability in terms its ability to fulfill its historical functional role
within the ESU, is the most conservative. The ESU-level criteria are intended to ensure
representation of the diversity within an ESU across much of its historical range, to
buffer the ESU against potential catastrophic risks, and to provide sufficient connectivity
among populations to maintain long-term demographic and genetic processes. These
criteria are summarized in Table 3.2.

Since the TRT developed viability criteria for the SONCC-Coho Salmon ESU, a NMFS
recovery planning team has completed the federal recovery plan for SONCC-Coho
Salmon (NMFS 2014a). This plan includes establishment of population-level and ESU-
level recovery criteria for independent populations of SONCC-Coho Salmon. These
recovery criteria generally follow the viability criteria developed by the TRT, but may
deviate slightly for certain populations based on additional analysis.

Application of recovery and viability criteria requires population-level estimates of adult
spawner abundance spanning a minimum of four generations for independent populations
(Williams et al. 2008). In reality, for most of the coho salmon populations in this ESU,
estimates meeting these criteria are lacking. However, since the mid-2000s,
implementation of the Coastal Monitoring Plan* (CMP) has greatly expanded, and shorter
time series of adult spawner abundance are now available for many populations. In a few
other areas composite estimates of several populations, or estimates representing only a
portion of a population, constitute the best available data. If data collection has occurred
in a consistent manner, these shorter time series, composite estimates, or partial
population estimates are presented despite the shortcomings, as they provide the only
basis for evaluating current viability. However, the reader is cautioned that short-term
trends in abundance or abundance indices can be highly misleading given natural
variation in environmental conditions in both the freshwater and marine environments.

* For information on the California Coastal Monitoring Program:
http://www.calfish.org/ProgramsData/ConservationandManagement/CaliforniaCoastalMonitoring.aspx
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Table 3.1. Viability criteria for assessing extinction risk for populations of coho salmon
(O. kisutch) in the Southern Oregon/Northern California Coast Coho Salmon ESU. For a
given population, the highest risk score for any category determines the population’s
overall extinction risk (Williams et al. 2008).

Extinction risk

Criterion High Moderate Low
- any One of - - any One of - - all of -
Effective population size® Ne <50 50 < N, < 500 Ne > 500
- or - -or- -or - - or -
ggr?;rlg':ilgg S P Ng <250 250 < Ng < 2500 Ng > 2500
Ponulation decline Precipitous Chronic decline or No decline apparent
P decline® depression® or probable
Order of Smaller but
Catastrophic decline magnitude decline ianifi decline Not apparent
within one significant decline
generation
Spawner density (adults/IP e 1<N;/IPkm< £
km) Na/ IPkm® <1 MRD' N, /IPkm > MRD
Hatchery fraction
Hatchery Influence <5%
- in addition to above
0/ <iipas > 5% within 100 yrs
Extinction risk from PVA 220 A’y‘:slthm 20 but < 20 % within <5 % within 100 yrs®

20 yrs

a — The effective population size (N) is the number of breeding individuals in an idealized population that
would give rise to the same variance in gene frequency under random genetic drift or the same rate of
inbreeding as the population under consideration (Wright 1931); total number of spawners per generation
(Ng), for SONCC coho salmon the generation time is approximately three years therefore Ng = 3 N,

b — Population has declined within the last two generations or is projected to decline within the next two
generations (if current trends continue) to annual run size of N, < 500 spawners (historically small but
stable populations not included) or N, > 500 but declining at a rate of >10% per year over the last two-to-
four generations.

¢ — Annual spawner abundance (N,) has declined to < 500 spawners, but now stable or number of adult
spawners (N, ) > 500 but continued downward trend is evident.

d — Annual spawner abundance decline in one generation < 90% but biologically significant (e.g., loss of
year class).

e — IPkm = the estimated aggregate intrinsic habitat potential for a population inhabiting a particular
watershed (i.e., total accessible km weighted by reach-level estimates of intrinsic potential; see Bjorkstedt
et al. [2005] for greater elaboration).

f — Minimum required spawner density (MRD) is dependent on the amount of potential habitat available.
Figure 5 of Williams et al. (2008) summarizes the relationship between spawner density and IP km.

g — For population to be considered at low-risk of extinction, all criteria must be satisfied (i.e., not just a
PVA). A population viability analysis (PVA) can be also included for consideration, but must estimate an
extinction risk <5% within 100 years and all other criteria must be met. If discrepancies exist between
PVA results and other criteria, results need to be thoroughly examined and potential limitations of either
approach should be carefully identified and examined.
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Table 3.2. Summary of ESU viability criteria for the Southern Oregon/Northern
California Coast Coho Salmon ESU.

ESU viability characteristic Criteria

Representation 1. All diversity strata should be represented by viable
populations.

Redundancy and connectivity  2.a. At least 50% of historically independent populations in
each diversity stratum should be demonstrated to be at low risk
of extinction according to the population viability criteria. For
strata with three or fewer independent populations, at least two
populations must be viable.

AND

2.b. Total aggregate abundance of the populations selected to
satisfy 2a must meet or exceed 50% of the aggregate viable
population abundance predicted for the stratum based on the
spawner density.

3. All dependent and independent populations not expected to
meet low-risk threshold within a stratum should exhibit
occupancy indicating sufficient immigration is occurring from
the “core populations”.

4. The distribution of extant populations, both dependent and
independent, needs to maintain connectivity across the stratum
as well as with adjacent strata.

ESU Boundary Delineation

The SONCC-Coho Salmon ESU currently includes populations spawning from the Elk
River (Oregon) in the north to the Mattole River (California) in the south, inclusive. New
genetic data are available from collections in 2003 from populations in California
(Gilbert-Horvath et al. in press). These recent genetic data do not suggest the need for a
re-examination of the boundaries between the Central California Coast Coho Salmon
ESU and the SONCC-Coho Salmon ESU. These data show clear separation between
populations north and south of Punta Gorda, the current southern boundary of the ESU.
The Biological Review Team for the Oregon Coast Coho Salmon ESU reviewed genetic
data and concluded that a reconsideration of the ESU boundary the between the SONCC-
Coho Salmon ESU and Oregon Coast Coho Salmon ESU was not necessary (Stout et al.
2010). In 2015, a new sampling effort was conducted to resample all sites sampled in
2003 California-wide survey (Gilbert-Horvath et al. in press) and included samples from
populations located in the Oregon portion of the SONCC-Coho Salmon ESU. These
corresponding analyses are currently underway and therefore are not available for
consideration at this time.
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Summary of Previous Assessments

Status reviews by Weitkamp et al. (1995) and Good et al. (2005) concluded that the
SONCC-Coho Salmon ESU was likely to become endangered. Risk factors identified in
these early status reviews included severe declines from historical run sizes, the apparent
frequency of local extinctions, long-term trends that were clearly downward, and
degraded freshwater habitat and associated reduction in carrying capacity.

In the most recent viability assessment, Williams et al. (2011) reported that although
long-term data on coho salmon abundances in the SONCC-Coho Salmon ESU were
scarce, all available evidence from shorter-term research and monitoring efforts indicated
that conditions had worsened for populations in this ESU since review by Good et al.
(2005). Williams et al. (2011) concluded that the SONCC-Coho Salmon ESU was likely
to become endangered. The apparent negative trends across the ESU were of great
concern as was the lack of information to determine if there had been improvement in
freshwater habitat and survival. However, the negative trends were considered in the
context of the apparent low marine survival during the period that likely contributed to
the observed declines.

New Data and Updated Analyses

Abundance and Trends

Quantitative population-level estimates of adult spawner abundance spanning more than
9-12 years are scarce for independent or dependent populations of coho salmon in the
SONCC ESU, although monitoring in California has improved considerably since the
2010 viability assessment as a result of the implementation of the CMP across the
California portion of the ESU. The CMP framework provides population abundance
estimates at the appropriate spatial scale (i.e., population unit) based on redd counts from
surveys of stream reaches selected according to a Generalized Randomized Tessellation
Survey (GRTS) design. Redd counts are then expanded to adult estimates based on
spawner:redd ratios determined at a network of life-cycle monitoring stations (LCMs).
Although only estimates of redds are presented in this assessment of the SONCC-Coho
Salmon ESU, these estimates still provide a better basis for assessing viability compared
with previous reviews and will increase greatly in value as these time series become
longer and we gain a better understanding of the relationship between spawner:redd ratios
among populations and among years within a population. Although only one of the time
series of abundance meet the requisite four generations called for by the TRT for
application of viability criteria, all still provide a substantially better basis for assessing
viability compared with previous reviews and will increase greatly in value as these time
series become longer. In addition, ongoing weir-based estimates are available for
population units in the Klamath Basin (Scott and Shasta rivers), our longest time series
sets for this ESU.

Unfortunately, the few estimates available at the population unit spatial scale from the
Oregon portion of the ESU for the 2010 assessment are no longer collected and therefore
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no estimates at the population spatial scale are available for Oregon populations
(Sounhein et al. 2014). The estimate of Rogue River coho salmon, that is a composite of
several population units, continues to be collected and is extremely valuable.

In California, there are seven independent populations currently monitored at the
“population unit” scale, although only the video weir count from the Shasta River is of
the duration to satisfy viability criteria (12 years) and is a direct count of fish passing the
weir, and not an estimate of adult escapement into the Shasta River (Table 3. 3, Figure
3.1). Of great concern is the extremely low numbers of fish “estimated” to have passed
the weir in 2014 (46 coho salmon) and that only four of those fish were considered to be
3-year olds (Chesney and Knechtle 2015). The adult counts from the Scott (Knechtle and
Chesney 2014) and Shasta (Chesney and Knechtle 2015) rivers emphasize the current
precarious situation in the Klamath. In particular, the Shasta River count is now 14 years
in duration (4+ generations) and from this time series a slight decline is apparent,
although the slope of the decline is not significantly different from zero (Figure 3.2). In
addition, the number of adult coho salmon counted at the Shasta River weir is less than
the depensation threshold of 531 adults (Williams et al. 2008).

The Shasta River and Scott River adult counts represent the longest term population-unit
spatial scale monitoring currently underway in the SONCC-Coho Salmon ESU, although
with implementation of the CMP, five population units are now being monitored and are
providing appropriate data to assess population viability (Table 3.3). There are now four
years of data (estimated number of redds) for the Smith River, Redwood Creek,
Humboldt Bay, and South Fork Eel River population units, although only the first two
years of data were available for the Smith River at the time of this assessment. The
Mattole River population has a time series of two years and has the lowest estimated
number of redds (47) of any of the five new time series available.

Trends in abundance were only calculated for those populations where at least six years
of data were available (Table 3.3). The slope of the trend line for both the Shasta River
and Scott River did not differ from zero. For the next assessment in 2020, the Scott River
will have more than 12 years of data. In addition, the time series information for the
Smith River, Redwood Creek, Humboldt Bay, South Fork Eel River, and Mattole River
will all be at least two generations in length (six years) and there will be more
information on trends in abundance available for other California populations.

Besides the population-unit spatial scale estimate that are required to appropriately assess
population viability, there are two other data sets that provide insight into the condition of
coho salmon in the ESU, although at spatial scales that do not allow for assessing
population viability.

An estimate of spawners over the past 13 years in Freshwater Creek, a Humboldt Bay
tributary, includes estimates from 2002-2003 to 2013-2014 with a trend that is not
significantly different than zero (p > 0.07) over the 13-year period (Figures 3.3 and 3.4;
Table 3.4). The Freshwater Creek monitoring site is of particular interest because of the
presence of a LCM operated as outlined in the CMP (Ricker and Anderson 2014). This
LCM provides critical data to understand the relationships between redds counts and
estimated adult escapement — a critical relationship to understand as CMP efforts
currently focus on redd counts for many practical reasons. In addition, this and other
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Table 3.3. Viability metrics for independent populations of coho salmon (O. kisutch) in
the SONCC-Coho Salmon ESU. NA indicates not available or applicable; dash (-)
indicates no estimate of appropriate spatial scale or sampling design for viability analysis.
Trends are shown only for populations where time series is at least six years; bold

indicates significant trend.
Stratum/population Yrs Na(arith) Na(geom) Ng(harm) é f (95% Cl)

Northern Coastal Basins
Elk River
Lower Rogue River
Chetco River
Winchuck River
Central Coastal Basins
Smith River®”

(redd estimate) 2 35 331 NA  NA ]
Lower Klamath River

b,c
Redwood Creek 4 529 516 NA A _

(redd estimate)
Maple Creek/Big
Lagoon®
Little River
Mad River
Southern Coastal Basins
Humboldt Bay
tributaries”® 4 1038 919 NA NA -
(redd estimate)
Low. Eel/Van Duzen
rivers
Bear River
Mattole River"’
(redd estimate)
Interior — Rogue
Illinois River
Mid. Rogue/Applegate
rivers
Upper Rogue River
Interior — Klamath
Middle Klamath River
Upper Klamath River
Salmon River

Scott River? 0.145 (-0.389,

(video weir — adults) 8 8o 404 73 NA 0.678)

Shasta River" -0.094 (-0.231,

(video weir — adults) 14 127 84 261 081 0.044)

Interior — Trinity
South Fork Trinity River
Lower Trinity River
Upper Trinity River
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Table 3.3. continued.

Stratum/population Yrs Narity  Nageom  Nogam € T (95% ClI)
Interior — Eel
- b,i
South Fork Eel River 4 1347 1310 NA NA -

(redd estimate)
Mainstem Eel River
North Fork Eel River®
Middle Fork Eel River
Middle Mainstem Eel
River
Upper Mainstem Eel
River"

a — Data from Garwood and Larson (2014). Data available for 2011 and 2012, data for 2013 and 2014 not available at

time of analysis.

b — Redd estimate, not adult escapement estimate.

¢ — Data from Ricker et al. (2014a, 2014b, 2014c, and 2014d); data from 2010 to 2013.

d — Population unit designated by Williams et al. (2006 and 2008), not included in NMFS (2014a).

e — Data from Ricker et al. (2015e, 2015f, 2015g, and 2015h); data from 2010 to 2013.

f — Data from Ricker and Lindke (2014) and Ricker et al. (2014e); data for 2011 and 2012.

g — Data from Knechtle (2015), data from 2007 to 2014.

h — Data from Knechtle (2015), data from 2001 to 2014.

i — Data from Ricker et al. (2015a, 2015b, 2015c, and 2015d); data from 2010 to 2013.

(a) Scott River (b) Shasta River
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Figure 3.1. Video weir counts of adult coho salmon in a) Scott River for 2007 to 2014
and b) Shasta River for 2001 to 2014 (Knechtle 2015).
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Figure 3.2. Trends (log adult counts at video weir) for independent coho salmon
populations in a) Scott River from 2007 to 2014 and b) Shasta River from 2001 to 2014
(Knechtle 2015).
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Figure 3.3. Estimated adult coho salmon in a) Freshwater Creek for 2002 to 2014 and b)
Rogue River for 1980 to 2014 (Freshwater Creek data from Ricker 2015, Rogue River
data from Confer (2015).
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Figure 3.4. Trends (log abundance) of coho salmon in a) Freshwater Creek for 2002 to
2014 and b) Rogue River for 1980 to 2014 (Freshwater Creek data from Ricker 2015,
Rogue River data from Confer (2015).

LCMs will provide estimates of marine survival that will provide context when
evaluating trends in abundance and effectiveness of restoration activities (Figure 3.5).

The only estimate available to assess the viability of coho salmon in the Oregon portion
of the SONCC-Coho Salmon ESU is from the Rogue River. These estimates are derived
from mark-recapture estimates based on returns to Cole Rivers Hatchery expanded by the
mark rate observed at Huntley Park. (Confer 2015). The Huntly Park seine estimates
provide the best overall assessment of coho salmon spawner abundance in the basin
(Good et al. 2005). Four independent populations contribute to this count (Lower Rogue
River, lllinois River, Middle Rogue and Applegate rivers, and Upper Rogue River),
which has had a significant positive trend (p = 0.01) over the past 35 years and a non-
significant negative trend (p > 0.05) over the past 12 years or four generations (Table 3.4;
Figures 3.3 and 3.4).

No extensive and systematic survey of presence of coho salmon has been conducted in
the SONCC-Coho Salmon ESU in the past 10 years. Garwood (2012) developed a criteria
to develop a list of historical and recent occurrence of coho salmon in the California
portion of the SONCC-Coho Salmon ESU, although brood years evaluated were almost
exclusively from 1979 to 2004 and therefore did not include field observations for the
most recent three generations. No comparable survey data are available for the period
from 2005 to 2014.
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Table 3.4. Short- and long-term trends in SONCC-Coho Salmon ESU population
abundance based on partial or composite population estimates and population indices.
Trends in bold are significantly different from 0 (o = 0.05).

Spa(v;g |Io nugi ;Sé)#)tary Years Data type (Ir\gr?gg) T (95% Cl)  Data sources
- 12 Composite, mark- 6717 -0.074 Confer 2015

Rogue Basin recapture (414 — 24509) (-0.262, 0.150)

35
4764 0.046

(314 — 24509) (0.011, 0.115)
b 12 Partial pop., weir- 493 -0.070 Ricker 2015

(F.ZZS%VS}S[ g;;‘;k carcass mark-  (89-974)  (-0.200, 0.060)

recapture

13 594 -0.105 Ricker 2015

(89 - 1807)  (-0.222, 0.013)

a — These estimates are derived from mark-recapture estimates based on returns to Cole Rivers Hatchery
expanded by the mark rate observed at Huntley Park. The Oregon Department of Fish and Wildlife staff
advises that these data provide a more precise estimate of coho salmon escapement in the Rogue Basin
compared to Huntly expansion method used previously (and in 2010 review). Data from Confer (2015).
b — Maximum live/dead counts do not distinguish between natural and hatchery-origin spawners. Counts
may include both, particularly in the early part of the time series.

There are three hatcheries in the SONCC Coho Salmon ESU and all three are included in
the ESA-listed ESU. The hatcheries include Cole Rivers Hatchery on the Rogue River,
Iron Gate Hatchery on the Klamath River, and Trinity River Hatchery on the Trinity
River. One key development since the previous assessment in 2010 is the completion of
the Hatchery Genetic Management Plan (HGMP) for the Iron Gate Hatchery that moves
the operation of this hatchery from a mitigation hatchery to one now operated to protect
and conserve the genetic resources of the Upper Klamath population unit of the SONCC-
Coho Salmon ESU. Included in the HGMP are defined monitoring and evaluation
activities to evaluate effects of the hatchery activities on the abundance, productivity,
spatial structure, and diversity, and the magnitude or relative impact of the hatchery
program on other actions that influence the SONCC-Coho Salmon ESU. The
implementation of the HGMP is considered a positive step towards meeting viability
targets for the Upper Klamath population unit, the diversity stratum, and the ESU. A
HGMP is being developed for the Trinity River Hatchery and is not in place at this time.
Cole Rivers Hatchery is operated as a harvest program (ODFW 2015) used for
augmentation of fishing and harvest opportunities, and mitigation for the loss of habitat
resulting from dam construction in the Rogue and Applegate rivers. A HGMP was
completed in 1999. The hatchery stock is managed as an integrated stock. Approximately
75,000 smolts are released on-site, all fish are fin-clipped and 25,000 are coded-wire
tagged (ODFW 2015). The coho salmon program at Cole Rivers Hatchery does provide
monitoring opportunities related to ocean distribution and harvest. Future development of
a HGMP for Trinity River Hatchery will help insure that hatchery operations for coho
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Figure 3.5. Smolt to adult return rates and 95% confidence levels for Freshwater Creek
coho salmon smolt cohorts 2004 to 2012 from Ricker and Anderson (2014). Estimates for
cohorts 2004-2006 based on smolts trapped at different location than estimates for
cohorts 2005-2012 (see Ricker and Anderson 2014).

salmon are focused on aspects that protect and conserve the genetic resources of the local
population units of the SONCC-Coho Salmon ESU and include defined monitoring and
evaluation activities to evaluate effects of the hatchery activities on the abundance,
productivity, spatial structure, and diversity, and the magnitude or relative impact of the
hatchery program on other actions that influence coho salmon in this ESU.

Harvest Impacts®

Coho salmon from this ESU are primarily distributed off the coast of California and
southern Oregon. Because coho salmon-directed fisheries and coho salmon retention
have been prohibited off the coast of California since 1996, the ocean exploitation rate of
SONCC-Coho Salmon is generally low and attributable to non-retention impacts in
California and Oregon Chinook salmon-directed fisheries, impacts in Oregon mark-
selective coho salmon fisheries (primarily non-retention), and impacts in Oregon non-
mark selective fisheries.

® Harvest impacts section prepared by Michael O’Farrell.
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Natural-origin Rogue/Klamath basin coho salmon ocean exploitation rates have been
estimated for years 1986-2014 using backward runs of the Fishery Regulation
Assessment Model (FRAM) (L. LaVoy and R. Kope, NMFS, personal communication).
These estimates are the best available measure of the SONCC-Coho Salmon ESU ocean
exploitation rate (Figure 3.6). This rate has been low and relatively stable since the early
1990s (average of 5.3% for years 1994-2014), which contrasts sharply with the much
higher rates estimated for the 1980s and early 1990s (average of 50.8% between 1986
and 1993).

Freshwater recreational fishery impacts on SONCC-Coho Salmon are likely relatively
low given California’s statewide prohibition of coho salmon retention, and normally only
mark-selective coho salmon retention in the Oregon portion of this ESU. Klamath basin
tribes (Yurok, Hoopa, and Karuk) currently harvest a relatively small number of coho
salmon for subsistence and ceremonial purposes (CDFG 2002). The Yurok fishery
estimated harvest rate averaged 3.4% for the 19942014 period, and 2.3% for the 2011
2014 period (Williams 2015). The harvest rates reported in Williams (2015) are likely
biased high because little escapement and harvest monitoring occur in the Klamath Basin,
precluding a complete estimate of run size. Harvest rate estimates for the other two tribal
fisheries are not available.

In summary, the available information indicates that the level of SONCC-Coho Salmon
ESU fishery impacts has not changed appreciably since the 2010 salmon and steelhead
assessment (Williams et al. 2011).

Summary and Conclusions

Although long-term data on coho salmon abundance in the SONCC-Coho Salmon ESU
are scarce, all available evidence from available trends since 2011 assessment (Williams
et al. 2011) indicate little change since the 2011 assessment. The two population-unit
scale time series for the ESU both have a trend slope not different than zero. The
composite estimate for the Rogue Basin populations was not significantly different from
zero (p > 0.05) over the past 12 years and significantly positive over the 35 years of the
data set (p = 0.01). The continued lack of appropriate data remains a concern, although
the implementation of the CMP for California populations is an extremely positive step in
the correct direction in terms of providing the types of information required to adequately
assess and evaluate population and ESU viability. The lack of population spatial scale
monitoring sites in Oregon is of great concern and increases the uncertainty when
assessing viability. Additionally, it is evident that many independent populations are well
below low-risk abundance targets, and several are likely below the high-risk depensation
thresholds specified by the TRT and the Recovery Plan (NMFS 2014a). Though
population-level estimates of abundance for most independent populations are lacking, it
does not appear that any of the seven diversity strata currently supports a single viable
population as defined by the TRT’s viability criteria, although all diversity strata are
occupied.

In addition to the implementation of population monitoring in California through the
CMP, the implementation of Life-Cycle Monitoring stations is also an extremely positive
development and will greatly contribute to estimating freshwater and marine survival,
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Figure 3.6. Natural-origin Rogue/Klamath coho salmon ocean exploitation rate estimates
for years 1986 — 2014 (L. LaVoy and R. Kope, NMFS, personal communication).
calibrating various sampling methods, and providing platforms for needed research to
further develop appropriate conservation and recovery efforts.

The SONCC-Coho Salmon ESU is currently considered likely to become endangered. Of
particular concern is the low number of adults counted entering the Shasta River in 2014—
2015. The lack of increasing abundance trends across the ESU for the populations with
adequate data are of concern. Moreover, the loss of population spatial scale estimates
from coastal Oregon populations is of great concern. The new information available since

Williams et al. (2011) while cause for concern, does not appear to suggest a change in
extinction risk at this time.
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4 North-Central California Coast Recovery Domain

Brian C. Spence

The North-Central California Coast Recovery Domain encompasses the geographic
region from Redwood Creek (Humboldt County) south to Aptos Creek (Santa Cruz
County) inclusive. Two salmon Evolutionarily Significant Units (ESUs) and two
steelhead Distinct Population Segments (DPSs) lie wholly within this region: California
Coastal Chinook Salmon, Central California Coast Coho Salmon, Northern California
Steelhead, and Central California Coast Steelhead.

The Technical Recovery Team (TRT) for the North-Central California Coast Recovery
Domain prepared two documents intended to guide recovery planning efforts for the
ESA-listed salmonids within the domain. The first of these reports described the
historical population structure of the four listed ESU/DPSs within the recovery domain
(Bjorkstedt et al. 2005). Within this document, the TRT categorized each population into
one of three distinct types based on its posited historical functional role:

Functionally independent populations: populations with a high likelihood of
persisting over 100-year time scales and that conform to the definition of independent
“viable salmonid populations” offered by McElhany et al. (2000).

Potentially independent populations: populations with a high likelihood of persisting
over 100-year time scales, but that were too strongly influenced by immigration from
other populations to exhibit independent dynamics.

Dependent populations: populations that had a substantial likelihood of going extinct
within 100-year time period in isolation, yet received sufficient immigration to alter
their dynamics and reduce their risk of extinction.

In addition to categorizing individual populations, the population structure report also
places populations into diversity strata, which are groups of populations that likely
exhibit genotypic and phenotypic similarity due to exposure to similar environmental
conditions or common evolutionary history (Bjorkstedt et al. 2005; revised in Spence et
al. 2008). Here, the TRT set the stage for development of viability criteria that consider
processes and risks operating at spatial scales larger than those of individual populations.

The second TRT report proposes a framework for assessing viability of populations and
ESU/DPSs within the recovery domain (Spence et al. 2008). This report establishes both
population-level and ESU/DPS-level biological viability criteria. The population viability
criteria developed by the TRTSs represent an extension of an approach developed by
Allendorf et al. (1997) and include criteria related to population abundance (effective
population size), population decline, catastrophic decline, spawner density, and hatchery
influence (Table 4.1). In general, the spawner density low-risk criterion, which seeks to
ensure a population’s ability to fulfill its historical functional role within the ESU, is the
most conservative, and preliminary viability targets for each population were determined
primarily by this criterion. The ESU-level criteria are intended to ensure representation of
the diversity within an ESU/DPS across much of its historical range, to buffer the
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Table 4.1. Criteria for assessing the level of risk of extinction for populations of Pacific
salmonids. Overall risk is determined by the highest risk score for any category. Ng=
generational sum of abundance; N, = effective population size; and N, = annual spawner
abundance. From Spence et al. (2008).

Population
Characteristic

Extinction Risk

High

Moderate

Low

Extinction risk from
population viability
analysis (PVA)

Effective population size
per generation

_Or_

Total population size per
generation

Population decline

Catastrophic decline

Spawner density

Hatchery influence’

> 20% within 20 yrs
- or any ONE of the
following -

N, <50

_Or_
Ng < 250

Precipitous decline®

Order of magnitude
decline within one
generation

N./IPkm? < 1

> 5% within 100 yrs
but

< 20% within 20 yrs
- or any ONE of the
following -

50 < N, <500

_Or_
250 < N, < 2500

Chronic decline or
depression®

Smaller but significant
decline®

1 < N,/IPkm < MRD®

Evidence of adverse genetic, demographic, or
ecological effects of hatcheries on wild

population

< 5% within 100 yrs

- or ALL of the following -

N, > 500
_or_
Ng > 2500

No decline apparent or
probable

Not apparent

N,/IPkm > MRD®

No evidence of adverse
genetic, demographic, or
ecological effects of
hatchery fish on wild
population

a — Population has declined within the last two generations or is projected to decline within the next two
generations (if current trends continue) to annual run size N, < 500 spawners (historically small but stable
populations not included) or N, > 500 but declining at a rate of >10% per year over the last two-to-four

generations.

b — Annual run size N, has declined to < 500 spawners, but is now stable or run size N, > 500 but continued

downward trend is evident.

¢ — Annual run size decline in one generation < 90% but biologically significant (e.g., loss of year class).
d — IPkm = the estimated aggregate intrinsic habitat potential for a population inhabiting a particular
watershed (i.e., total accessible km weighted by reach-level estimates of intrinsic potential; see Bjorkstedt
et al. [2005] for greater elaboration).

ESU/DPS against potential catastrophic risks, and to provide sufficient connectivity
among populations to maintain long-term demographic and genetic processes. These
criteria are summarized in Table 4.2.

Since the TRT developed viability criteria for the NCCC Recovery Domain, NMFS
recovery planning teams have completed the federal recovery plan for CCC-Coho
Salmon (NMFS 2012a). This plan includes establishment of population-level and ESU-
level recovery criteria for independent populations of the CCC-Coho Salmon ESU. These
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Table 4.2. ESU-level criteria for assessing the level of risk of extinction for Pacific
salmonid ESUs. From Spence et al. (2008).

Criterion Description

Representation  All identified diversity strata that include historical functionally or potentially
independent populations within an ESU/DPS should be represented by viable
populations for the ESU/DPS to be considered viable

-AND-
Within each diversity stratum, all extant phenotypic diversity (i.e., major life-history
types) should be represented by viable populations

Redundancy At least 50% of historically independent populations in each diversity stratum must be
and demonstrated to be at low risk of extinction according to the population viability criteria
Connectivity outlined in Table 1 of Spence et al. (2008)

-AND-

Within each diversity stratum, the total aggregate abundance of independent populations
selected to satisfy this criterion must meet or exceed 50% of the aggregate viable
population abundance (i.e., meeting density-based criteria for low risk) for all
independent populations

Remaining populations, including historical dependent populations and any historical
independent populations that are not expected to attain a viable status must exhibit
occupancy patterns consistent with those expected under sufficient immigration subsidy
arising from the “core” independent populations selected to satisfy the preceding
criterion

The distribution of extant populations, regardless of historical status, must maintain
connectivity within the diversity stratum, as well as connectivity to neighboring
diversity strata

recovery criteria generally follow the viability criteria developed by the TRT, but may
deviate slightly for certain populations based on additional analysis. Additionally, the
plan develops numeric criteria for selected dependent populations. For the purpose of this
viability assessment, we use the recovery criteria for CCC-Coho Salmon outlined in the
recovery plan as the benchmark for assessing viability.

A draft multispecies recovery plan covering the CC-Chinook Salmon ESU , NC-
Steelhead DPS, and CCC-Steelhead DPS is currently undergoing public review. Because
the recovery criteria specified in this draft plan are subject to change, we have used the
TRT’s viability criteria as the basis for evaluating viability in this review.

Application of recovery and viability criteria requires population-level estimates of adult
spawner abundance spanning a minimum of four generations for independent populations
(Spence et al. 2008). In reality, for most of the salmon and steelhead populations in this
recovery domain, estimates meeting these criteria are lacking. However, since the mid-
2000s, implementation of the Coastal Monitoring Plan (CMP) has greatly expanded, and
shorter time series of adult spawner abundance are now available for many watersheds. In
other areas, indices of spawner abundance or local population estimates representing only
a portion of the population constitute the best available data. If data collection has
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occurred in a consistent manner, these shorter time series, indices, or partial population
estimates are presented herein despite the shortcomings, as they provide the only basis for
evaluating current viability. However, the reader is cautioned that short-term trends in
abundance or abundance indices can be highly misleading given natural variation in
environmental conditions in both the freshwater and marine environments. A complete
list of data sources for the analysis of ESU/DPSs in the North-Central California Coast
Recovery Domain can be found in Appendix A.

4.1 Central California Coast Coho Salmon ESU

ESU Boundary Delineation

The initial status review for the Central California Coast (CCC) Coho Salmon ESU
(Weitkamp et al. 1995) defined the ESU as populations from Punta Gorda southward to
and including the San Lorenzo River. Since that time, the boundary has been extended
southward to include Soquel and Aptos creeks (77 FR 19552) based on analysis of
historical and recent evidence of occurrence as well as environmental conditions in these
two watersheds (Spence et al. 2011). Successful reproduction of coho salmon in Soquel
Creek was again documented in summer of 2015 (B. Spence and J. Kiernan, NMFS
SWFSC, personal communication), which supports the boundary extension.

In 2003, NMFS Southwest Fisheries Science Center conducted an extensive genetic
survey of coho salmon populations in coastal California. Genetic samples were taken
from juvenile coho salmon collected at 30 sites in 23 different watersheds spanning the
SONCC and CCC ESUs. Multiple analyses of microsatellite data provided consistent and
strong support for the current ESU boundary at Punta Gorda (Gilbert-Horvath et al. in
press).

Summary of Previous Assessments

Status reviews by Weitkamp et al. (1995) and Good et al. (2005) both concluded that the
CCC-Coho Salmon ESU was in danger of extinction. These reviews cited concerns over
low abundance and long-term downward trends in abundance throughout the ESU, as
well as extirpation or near extirpation of populations across most of the southern two-
thirds of the ESU’s historical range, including several major river basins. They further
cited as risk factors the potential loss of genetic diversity associated with range
reductions or loss of one or more brood lineages, coupled with historical influence of
hatchery fish (Good et al. 2005). NMFS initially listed CCC-Coho Salmon ESU as
threatened in 1996 (61 FR 56138), but changed the status to endangered in 2005 (70 FR
37160). In the most recent assessment, Spence and Williams (2011) concluded that
conditions of populations in the CCC-Coho Salmon ESU had worsened since 2005,
noting negative trends for most independent and dependent populations for which longer
term monitoring data were available, and the near complete collapse and loss of genetic
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diversity for populations in the Santa Cruz Mountains Diversity Stratum. NMFS
subsequently concluded that the CCC-Coho Salmon ESU remained endangered (77 FR
19552).

New Data and Updated Analyses

Abundance and Trends

Information on population status and trends for CCC-Coho Salmon has improved
considerably since the 2010 viability assessment due to recent implementation of the
Coastal Monitoring Plan across significant portions of the ESU. Population estimates are
based on redd counts from surveys of stream reaches selected according to a Generalized
Randomized Tessellation Survey (GRTS) design. Redd counts are then expanded to adult
estimates based on spawner:redd ratios determined at a network of life-cycle monitoring
stations. Although many of the time series of abundance do not currently meet the
requisite four generations called for by the TRT for application of viability criteria, they
still provide a substantially better basis for assessing viability compared with previous
reviews and will increase greatly in value as these time series become longer. Below, we
review available information for each of the four diversity strata for which recovery
criteria have been proposed.

Lost Coast — Navarro Point Stratum. Population-level estimates of adult abundance are
now available for all four independent populations and as well as seven dependent
populations of coho salmon within this stratum. For the Noyo River, Pudding Creek,
Caspar Creek, and Little River, these time series span from 12-15 years, whereas for the
remainder of populations, the time series are shorter (3—6 years). Recent population
estimates indicate that population sizes are currently from 4% (Big River) to 13% (Noyo
River) of the proposed recovery targets (Table 4.3). One population (Big River) is below
the high-risk depensation threshold (Dgep = 0.6) and a second (Albion River) is right at
the threshold (Dgep = 1.0). Recent trends are variable, with the Ten Mile River, Big River,
and Albion River showing positive but non-significant trends (p > 0.10) and the Noyo
River showing essentially no trend (Table 4.3; Figures 4.1a-d; Figures 4.2a-d).
Importantly, the Noyo River time series is six years longer than the other populations,
and the trend for the past 5-6 years has been positive.

For dependent populations, Pudding Creek and Caspar Creek appear to be the strongest
populations, with average returns of 417 and 115 adults, respectively over the last 14-15
years (Table 4.4). These numbers are approximately 42% and 26% of recovery targets,
respectively. However, trends for these two populations, as well as for the Little River
population, for the period of record are negative and significant (p < 0.05) (Table 4.4,
Figure 4.3b-d; Figure 4.4b-d). Very low numbers of coho salmon have been observed in
Usal Creek and Big Salmon Creek, and no coho salmon have been observed in four years
of record for Wages Creek and Cottaneva Creek (Table 4.4).
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Table 4.3. Viability metrics for independent populations of coho salmon in the CCC-Coho Salmon ESU. NA indicates not available or
applicable. Trends are shown only for populations where time series is at least six years; bold indicates significant trend. IPkm

includes only habitats that are currently accessible. Naaritn) target refers to target identified in recovery plan (NMFS 2012a).
Stratum/population Years  Nyariy  Nageomy  Ng(harm C T (95% CI) IPkm Ddep asd D, target N garimm) target

Lost Coast - Navarro Pt
Ten Mile River? 6 359 69 1163 NA 0.300 (-1.794, 2.393) 105.1 1.9 34 34.9 3700
Noyo River? 12 539 455 1182 0.50 -0.020 (-0.114, 0.073) 118.0 2.4 4.4 34.0 4000
Big River® 220 183 609 NA  0.224 (-0.134,0.582) 191.8 0.6 1.1 28.9 5500
Albion River? 6 188 21 328 NA 0.243 (-1.798, 2.285) 59.2 1.0 3.2 38.1 2300
Navarro Pt - Gualala Pt
Navarro River? 257 102 867 NA  -0.645(-2.158,0.868)  201.0 1.0 1.3 28.3 5700
Garcia River? 64 18 166 NA  -0.276 (-1.766, 1.214) 76.0 0.4 0.8 36.9 3700
Gualala River - - - - - - 251.6 - - 24.8 6200
Coastal
Russian River” 5 364 - - - - 757.4 - - 20.0 10100
Walker Creek - - - - - - 76.2 - - 36.9 2600
Lagunitas Creek® 17 512 408 1109 0.85 -0.063 (-0.140, 0.014) 70.4 1.8 6.9 37.3 2600
Santa Cruz Mtn
Pescadero Creek® 4 0 1 0 NA NA 60.6 0 0 38.0 2300
San Lorenzo River® 1 NA NA 126.4 334 3800

a— Numbers indicate the estimated number of adults based on fish/redd expansions from life-cycle monitoring stations.
b—Numbers indicate expanded estimates derived from multiple methods (spawner surveys, adult traps, video counts, PIT tag detections, hatchery returns, and independent observations, as well as
inference from juvenile observations and downstream migrant trapping). As methods and spatial extent have varied over time, only arithmetic mean is presented as a minimum estimate. give a .

¢—Numbers indicate 2x total redd counts. Methods have not yet been developed to derive fish/redd estimates for expansion.

d— Numbers indicate numbers of observed fish (live adults + carcasses). Methods have not yet been developed to derive fish/redd estimates for expansion.
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Figure 4.1. Time series of population abundance estimates for independent populations of
CCC-Coho Salmon. Values for Lagunitas Creek are two times the total redd count for the

watershed. All other estimates are based on fish/redd expansions from life-cycle
monitoring stations.
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Table 4.4. Viability metrics for dependent populations of coho salmon in the CCC-Coho
Salmon ESU. NA indicates not available or applicable. Trends are shown only for
populations where time series is at least six years, bold indicates significant trend. Nagrith)
target refers to target identified in CCC-coho salmon recovery plan (NMFS 2012a).

Stratum/population Years N arith) Na(geom) N g (harm) T (95% Cl) Na(arith) target
Lost Coast - Navarro Pt
Usal Creek 6 6 4 16 -0.142 (-1.031, 0.747) 360
Cottaneva Creek 4 0 NA NA NA 469
Wages Creek 4 0 NA NA NA 340
Pudding Creek 14 417 184 741 -0.272 (-0.510, -0.034) 983
Caspar Creek 15 115 40 86 -0.304 (-0.447, -0.161) 435
Little River 15 30 10 19 -0.236 (-0.361, -0.110) NA
Big Salmon Creek 3 6 3 NA NA 578
Navarro Pt — Gualala Pt
Greenwood Creek 2 4 3 NA NA NA
Elk Creek 2 0 NA NA NA NA
Brush Creek 6 0 NA NA NA NA
Coastal
Salmon Creek - - - - - 1367
Pine Gulch 14 1 2 0 -0.064 (-0.171, 0.043) 394
Redwood Creek 17 47 23 90 -0.105 (-0.229, 0.020) 272
Santa Cruz Mtn
San Gregorio Creek - - - - - 1363
Gazos Creek 3 0 NA NA NA 279
Waddell Creek 4 1* 1* 0* NA 313
Scott Creek 13 71 18 31 -0.095 (-0.380, 0.189) 510
San Vicente Creek 3 2* 2% 6* NA 105
Soquel Creek - - - - - 1122
Aptos Creek 1 0 NA NA NA 932

* Low abundances of coho salmon have precluded development of relationships between redd counts and estimated numbers of
spawners. Mean values presented reflect numbers of observed fish (live adults plus recovered carcasses).
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Figure 4.3. Time series of population abundance estimates for dependent populations of
CCC-Coho Salmon. Values for Redwood Creek and Pine Gulch are two times the total

redd count for the watershed. All other estimates are based on fish/redd expansions from
life-cycle monitoring stations.
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Figure 4.4. Population trends (log abundance) for dependent populations of CCC-Coho
Salmon. Values for Redwood Creek and Pine Gulch are based on two times the total redd
count for the watershed. All other estimates are based on fish/redd expansions from life-
cycle monitoring stations.
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Navarro Point — Gualala Point Stratum. Two of three independent populations in this
stratum now have time series of adult abundance spanning six years: Navarro River and
Garcia River. These data sets indicate that adult population sizes have averaged 257 and
64 fish, respectively (Table 4.3). Both populations are at less than 5% of the recovery
targets and are at or below the depensation high-risk threshold. The six-year trend for
both populations is negative but non-significant (p > 0.10) (Table 4.3; Figure 4.2e-f). No
population data are available for the Gualala River, but numbers are believed to be
extremely low.

Monitoring of three dependent populations in this stratum has been initiated (Table 4.4).
Brush Creek has been su