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SHEET 3: STATUS REPORT ANADROMOUS FISH ❖ GENETICS ❖ WIRE-TAGGING ❖

POPULATION DECLINE ❖ NEED FOR CHANGE A RETURN TO FISH-LIFE 101
CODED-WIRE TAGGING LEADS TO SALMON DEATHS: Serious questions have surfaced about the need and
effectiveness of traditional coded wire-tagging (CWT) of anadromous fish as oppose to the parentage-based tagging (PBT)
as a promising alternative methodologies for monitoring and evaluating hatchery stocks, and use of modern
population genetics in conservation of salmonid species. How and why large salmon are getting smaller and old salmon are
getting younger, prompting long-standing concerns about the consequences of losing the oldest, largest individuals in a fish
population; decreases spawning productivity, destabilized populations, and putting fisheries further in jeopardy.
This FACT SHEET examines the scientific data to ascertain answers to fundamental questions and provide insight as to
why old-school historical fisheries management practices may no longer be valid. A multitude of today’s salmon species are
hatchery raised and reared in pens. When they reach a certain length they receive CWTs to track their movement and
survival rates; birth in freshwater, emigration to the ocean and migration back to the water body of their origin.
Traditional CWT practices contributed to the death of an immeasurable number of the two-million fall-run salmon that were
hatched and reared at the California Department of Fish and Wildlife’s (DFW) Feather River Fish Hatchery (FRFH). The
FRFH located below the State Water Project’s (SWP) Oroville Dam and Reservoir facilities, faced certain death, even before
being trucked and released into the Sacramento River near Verona and Fort Baker, north of Golden Gate Bridge.
This species of salmon historically begin emigration in
late March and early April; however, DFW deferred
their release until the fish were large enough to be
CWT. Concerned citizens warned DFW and
Department of Water Resources (DWR) officials that
delaying release of the two-million salmon smolts
would be disastrous for the following reasons: (1) they
would be subject to extremely high predation rates due
to the fact that significant numbers of Striped bass
would be active in the Sacramento River near Verona.
Figure 2: FRFH One-million salmon smolts
(2) Shooting baby fish 15 feet into the hot ambient air
Figure 1: FRFH One-million Smolts released in April
released at Elkhorn wound up as fish food, 18
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them
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shock
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be
disoriented.
(3)
2018 at Fort Baker lying dead on water surface, after
smolts found in stomach of one-Striped bass
being trucked 159 miles from Oroville, CA
Data show that releasing trucked fish from one
waterbody to another can cause stranding, when, and if, those fish get to migrate back from
the ocean. Trucking fish too far-off places negate the need to provide flows required for those fish to make their ancestral journey
from their natural rearing spawning grounds out to the ocean and back.
ed bass

Fish Need Water, Flow, and Adequate Temperatures for Spawning, Migration, Emigration Survival
According to the National Marine Fisheries Service (NOAA), depriving fish water constitutes a violation of the federal Endangered
Species Act (ESA). Increasing water exports from the Sacramento-San Joaquin Delta by federal and state water projects continue
to “Take” their toll on anadromous and Pelagic species. In early April 2018, fish advocates asked water officials to provide cold
water and pulse flows in the Feather River to ensure hatchery and natural-spawning salmon emigration thru the Delta out to the
ocean. DWR and fisheries officials claimed there was no water available to provide pulse flows. On 21 June DWR increased
outflows from the Oroville Reservoir from 1,661 cubic feet per second (cfs) to 4,516 cfs thru 26 June, more water than the requested
pulse flows.1 DWR claims it had to drop the level of the reservoir to about 800’ too remove more debris from the Thermalito
Diversion Pool, to complete scheduled repairs to the Flood Control Spillway. 2 Apparently, DWR had water to provide adequate
flows for an untold number of the two-million fall-run salmon that were fish killed. In June 2018, Feather River water temperatures
were in the mid-70s, lethal to salmon that thrive in cold water; around 550F to 560F. Presently, there does not appear to be an
enforceable requirement to provide suitable cold-water temperatures in the river necessary for salmon reproduction and survival!3

FISH HATCHERY PRODUCTION IMPACTS ON WILD SPAWNING SALMON
INTRODUCTION: In most years, over 32 million fall-run Chinook salmon are produced at five
hatcheries in California’s Central Valley, including Coleman National Fish Hatchery, Feather
River Fish Hatchery, Feather River Fish Hatchery Annex, Nimbus Fish Hatchery, and
Mokelumne River Fish Hatchery (Figure 1). Production from these hatcheries contributes to
major sport and commercial fisheries in ocean and inland areas. Until 2007, only experimental
releases of fall-run Chinook were externally marked and coded-wire tagged on a regular basis.
In 2004, the CALFED Ecosystem Restoration Program (ERP) funded a study to design a
constant fractional marking/coded-wire tagging program for production releases of fall-run
Chinook salmon from Central Valley hatcheries, with the goal of estimating in a statistically valid
manner the relative contribution of hatchery production. The study recommended the
implementation of a system-wide marking/tagging program for production releases.4 [CalFed
was a consortium of 25 state and federal agencies that failed to protect the Delta.]5
Abstract: Parentage-based tagging (PBT) is a promising alternative to traditional coded-wire
Figure 1: Fish Hatchery
tag (CWT) methodologies for monitoring and evaluating hatchery stocks. This approach involves
the genotyping of hatchery broodstock and uses parentage assignments to identify the origin
and brood year of their progeny. In this study we empirically confirmed that fewer
than 100 single nucleotide polymorphisms (SNPs) were needed to accurately
conduct PBT, we demonstrated that our selected panel of SNPs was comparable
in accuracy to a panel of microsatellites, and we verified that stock assignments
made with this panel matched those made using CWTs. We also demonstrated
that when sampling of spawners was incomplete, an estimated PBT rate for the
offspring could also be predicted with fewer than 100 SNPs. This study in the
Snake River basin is one of the first large-scale implementations of PBT in
salmonids and lays the foundation for adopting this technology more broadly in
the region, thereby allowing the unprecedented ability to mark millions of smolts
and an opportunity to address a variety of parentage-based research and
management questions.6
[Emphasis
added]
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Construction of the [State Water] Project began in 1961 and was completed in 1968. The Project, along with other water
development projects and historic mining activity, has contributed to altered hydrology and geomorphology of the Feather River,
and impacted water quality and anadromous fisheries. Oroville Dam blocks access to 66.9 miles of high quality habitat for
anadromous fish. Anadromous fish are now restricted to the Lower Feather River and can seasonally experience high water
temperatures and unnatural flows. The Lower Feather River is designated as critical habitat for Central Valley spring-run Chinook
and steelhead, under the federal Endangered Species Act (ESA). The Feather River Fish Hatchery was opened in 1967 to mitigate
for the loss of habitat from the construction of Oroville Dam. (p. 1)
Hatchery operations have impacted the genetics of spring–run Chinook. In 1999 the Central Valley Spring-run
Chinook Evolutionary Significant Unit (ESU) was listed as threatened under the federal ESA. National Oceanic and
Atmospheric Administration (NOAA) Fisheries concluded that the hatchery produces spring-run Chinook salmon that are
genetically more similar too fall-run. In March of 1998, naturally spawned Central Valley steelhead was listed as threatened under
the Federal Endangered Species List (ESA). (p. 2) [Emphasis added]
Operation of the Project, including Feather River Hatchery, has impacted the genetics of the federally and state listed
threatened spring-run Chinook. Spring-run and fall-run Chinook have been genetically interbred (introgression – movement of
genes from one species to another) affecting genetic integrity of both races. Recent genetic studies have indicated that spring-run
Chinook salmon in the Feather River are genetically more similar to fall-run Chinook Salmon. Spring-run Chinook salmon are
generally considered to begin their spawning a few weeks prior to fall-run Chinook salmon. The reduced amount of spawning habitat
available in the lower river results in an increase of redd superimposition (subsequently spawning on top of existing redd) resulting in
increased rates of egg and alevin mortality. Early spawning fish, mostly spring-run Chinook, are more impacted by productivity loss than
later spawners. Increased competition for limited habitat also contributes to increased rates of pre-spawn mortality. 7 (p. 6)
The NMFS objective is a mean daily temperature of less than or equal to 65°Fahrenheit (°F) from June 1 through
September 30 at Feather RM 61.6 (Robinson Riffle) in the low flow channel, see figure 8).8 [Emphasis added]
DWR’s studies showed that water temperatures in the LFC and HFC were contributing stressors for anadromous salmonids.
Studies have shown it is unlikely that adult Chinook salmon can use the Feather River below the Thermalito Afterbay Outlet except as a
migration corridor. Water temperature monitoring in 2002 and 2003 showed that the temperature of water released from
Thermalito Afterbay was as much as 11.3°F higher than that of incoming water. DWR concluded that increased incidence of disease,
developmental abnormalities, increased in-vivo egg mortality, and temporary cessation of migration could occur due to elevated water
temperatures in some areas of the lower Feather River. Operation of the Project currently does not protect the cold-water beneficial
uses.9 (p. 11) [Emphasis added] [Note: All italic texts are verbatim quotations referenced in the Endnotes on the back of this Fact Sheet.]

Uses of Modern Population Genetics in Conservation
Genetic Diversity and Inbreeding: Population genetics is playing an increasingly important role in the conservation of
salmonid resources in the Pacific Northwest. The National Marine Fisheries Service considers a salmon population worthy of
conservation under the U.S. Endangered Species Act if it represents an Evolutionary Significant Unit (ESU), “…a population (or
group of populations) that (1) is substantially reproductively isolated from other conspecific population units, and (2) represents an
important component in the evolutionary legacy of the species” (Waples 1991, 1995). Genetic data provide an important, though
indirect means for establishing the degree of reproductive isolation between conspecific populations. Indeed, numerous studies
of electrophoretically detectable protein polymorphisms carried out over the past 30 years on Pacific salmon species have shown
that a high degree of spatial substructure and reproductive isolation results from their homing behavior (Utter 1991). With the
advent of DNA markers, particularly mitochondrial and microsatellite DNA markers, resolution of reproductively isolated
or partially isolated populations has become more precise. Here, we describe progress resolving Chinook salmon
diversity and stock structure in the Central Valley of California. [Emphasis added]
Modern tools of population genetics, for example, using polymorphic protein markers, also allow us to address problems
that could not formerly be approached. Whereas protein markers had long supported the statistical allocation of catch in mixed
ocean fisheries to contributing spawning populations (Utter and Ryman 1993), highly polymorphic microsatellite DNA markers now
enable us to ascertain the origins of individual fish. We describe how individual assignment of salmon, first achieved for
Central Valley Chinook salmon, has become an integral part of a hatchery supplementation program for the endangered
Sacramento River winter Chinook salmon. Individual assignment is also being used to identify winter-run juvenile
migration patterns through the Sacramento-San Joaquin Delta and in assigning ocean catches to various Central Valley
stocks, some of which are threatened or endangered. 10 [Emphasis added]
The conservation and maintenance of biodiversity is important for the stability and functioning of ecological communities
and populations and also provides immeasurable benefits to human society such as ecosystem services and aesthetic value [1].
Biodiversity can be assessed at various hierarchical levels, from the ecosystem all the way down to genetic diversity [2]. From a
conservation management perspective it is most often the species that is the unit of consideration [3], yet species are classified
by the human mind as an attempt to make order of the natural world. In reality, the natural world is not fixed but is changing, thus
species exist on a continuous spectrum that evolves in space and time. This can pose challenges for conservation, as situations
may arise where management of the ‘species’ is inappropriate [3], e.g. cryptic species [4], recent/ongoing diversification [5] and
hybridisation [6]. [Note: Numbers in [ ] are reference citation in the article; not included in Endnotes.]
Diversification (or speciation) research has traditionally focused on the level of species and above, but diversification
below this level is of equal importance and interest [7, 8]. The diversification of taxa is promoted by a variety of selection pressures,
such as variation in environmental conditions and competition for mates and/or resources, and diversification processes occur
across a wide range of temporal and spatial scales ([9], for a specific review of fishes see [10]), for example, the rapid adaptive
radiation of cichlids within a single lake (e.g. [11]), the distribution of a single species lineage across a large area (e.g. whale
sharks, [12]), and ‘old species’, which remain relatively unchanged over evolutionary time (e.g. lungfish, [13]). Understanding the
processes underlying diversification will aid in formulating appropriate conservation management plans that help maintain the
evolutionary potential of taxa, particularly under human-induced activities and climate change [14–17].
Hybridisation is defined as the interbreeding of two different species and can have a variety of outcomes, including
promoting speciation [18], introgression and hybrid swarms [19], hybrid vigor and adaptation [20], and reverse speciation [21, 22].
As such hybridisation can be viewed as a significant evolutionary process [23, 24]. Judgement of whether the outcomes of
hybridisation have positive or negative consequences has often been dependent on the taxa studied (e.g. plants vs animals). Of
greater relevance for conservation management purposes is whether the underlying cause of hybridisation is natural or
anthropogenic. Natural hybridisation (among native species in their native range without anthropogenic influences) is observed in
several taxa, particularly plants [25] and fishes [26, 27]. However, there is increasing concern over the role of anthropogenic
hybridisation in shaping contemporary biodiversity. Hybridisation between native and introduced species is one obvious example
[28], but there are also reports of hybridisation being induced between two native species due to habitat destruction and climate
change [29].
Freshwater fishes have one of the highest frequencies of both recent adaptive radiations and hybridisation among all
animal taxa [27]. The restricted nature of freshwater environments—freshwaters constitute just 0.8% of the earth’s surface, yet
are host to 6% species’ diversity [30]—is thought to be one of the main contributing factors [27]. Freshwater ecosystems are also
one of the most threatened in the world [31], being impacted by invasive species [32], habitat destruction and fragmentation [33],
water abstraction [34], fisheries activities [35], aquaculture [36] and climate change [37]. Polar and alpine regions may be
particularly sensitive as their biota have limited options for migrating to more suitable conditions [38, 39]. One group of fishes
distributed in these regions and which also exhibits high levels of diversification and hybridisation is the Salmonidae [27].
Diversification in postglacial fishes, especially salmonids, is a widely recognised phenomenon, with variation
occurring not only across a species range, but also within individual lakes. The salmonid family is composed of over 60
species, many of which include different ecotypes or spatially subdivided morphs [40]. For example, the genera Salvelinus
and Salmo provide some classic cases of differential diets [41, 42], phenotypic and morphological variation [43, 44], as well
as genetic divergence [45, 46]. These local adaptations are mainly driven by niche partitioning and resource specialisation
to reduce intra-specific competition, and may be reinforced by spatial or temporal spawning site differentiation and specific
mate choices [47, 48]. These studies of diversification and hybridisation have mostly investigated areas within the species
historical and recent natural distributions [49–52].However, due to their popularity as recreational fishing targets and their
extensive and widespread translocation, it is important to consider processes of diversification and hybridisation in locations
where both native and introduced salmonid species are present.11

FISH REPORT: ARE LARGE SALMON GETTING SMALLER? ARE OLD SALMON GETTING YOUNGER?

Those who fished for salmon decades ago often lament the bygone “good old days” of abundant, large fish. As it turns out,
there is some truth to this sentiment. Negative trends in salmon sizes have been noted as early as the 1930s (as cited in
Ricker 1980), prompting long-standing concerns about the consequences of losing the oldest, largest individuals in a fish
population: decreased spawning productivity, destabilized populations, and putting fisheries in jeopardy. A recent
publication in the journal Fish and Fisheries examined 40 years of salmon population data from across the West Coast and
demonstrated once more that older, larger Chinook salmon are becoming increasingly rare across most of the species’
North American distribution.
The age (and consequently, the size) at which a salmon becomes reproductively mature is a heritable trait that is passed
from parents to offspring. Since salmon only reproduce once during their lifetime, the timing of this event can have major
consequences for a salmon population. Typically, reproducing later at a larger size brings several benefits, including more
and larger eggs for females and increased access to mates for males. However, the longer a salmon stays in the ocean,
the longer it remains exposed to risks like being caught in fisheries or being eaten by predators. If these threats outweigh
the benefits of reproducing later in life, salmon that reproduce at younger ages (and smaller sizes) will become more
prevalent over subsequent generations, and pass those traits on to their offspring. Such selection towards younger ages
can be influenced by fishing pressure during the ocean-dwelling phase of the salmon life cycle. Surviving one or two years
of fishing seasons without being caught is more likely than surviving three or four, which gives the fish that return to
freshwater sooner a higher chance of successful reproduction.
The recently published study evaluated age and size compositions of Chinook salmon stocks covering a large geographic
range – from California to Alaska. The study included data on about 1.5 million Chinook salmon from 85 populations,
collected over the past four decades. As expected, not all populations exhibited identical trends, yet the majority indicated
similar patterns – the average age and size has been decreasing among the oldest (and typically largest) salmon that return
to spawn. In contrast, the average size of younger fish (age 1 and age 2), particularly those originating from hatcheries, has
been increasing. Size-at-age is among the important factors that determine whether a given fish will remain at sea for
another year or reach maturity and return to freshwater to spawn. As younger fish are now larger at a given age, they
are more likely to reproduce at younger ages. Juvenile fish released from hatcheries often grow faster and are
therefore larger than their river-reared counterparts, having benefited from controlled rearing conditions and
abundant food. Generally, a faster growth rate in freshwater is associated with maturing at a younger age.
The authors also highlight a new group of suspects that may be contributing to this size trend: marine mammals. Sea lions,
seals, and killer whales have greatly increased in abundance since they were afforded protection by the Marine Mammal
Protection Act and the Endangered Species Acts in the 1970s. In particular, the authors hypothesized that killer whales
have contributed to a shift in Chinook salmon age structure, as many killer whale populations have doubled or tripled in the
past 40 years. Certain populations feed selectively on large, four- to six-year-old Chinook, and have been estimated to
consume more than 10,000 metric tons of Chinook salmon in 2015 between southern Alaska and California. Killer whale
predation is likely most pronounced between south-eastern Alaska and Washington, whereas the southern salmon
populations that do not exhibit long coastal migrations are least affected. While rebounding populations of protected species
can undoubtedly be celebrated as a conservation success, long-term management strategies for predators and prey will
have to include the difficult task of accounting for the potentially conflicting management goals for these species.
The trends in size at age of maturity is weaker in California than in more northern populations of Chinook salmon,
since there are fewer older fish to begin with. It is likely that selective forces other than marine mammal predation,
including fishing pressure and hatchery practices, played a larger role in bringing about the currently observed age structure
of Chinook salmon in California’s large, salmon-bearing streams. As Ricker postulated nearly 40 years ago, continued
selection towards younger ages will culminate when “almost all the female spawners are of age 3, and the males are mostly
jacks of age 2.” In a future Fish Report, we’ll describe current data from Central Valley streams that seem to indicate
selection towards younger adults has made this prediction come true. Stay tuned! This post featured in Fish Report weekly
e-newsletter.12 [Emphasis added]

Pacific Northwest Salmon Are in Big Genetic Trouble
Over the past 7000 years, Chinook salmon in the Columbia River have lost two-thirds of their Chinook salmon, an iconic species
in the Pacific Northwest, have lost up to two-thirds of their genetic diversity over the past 7000 years, researchers report. The
finding underscores a long-held concern that future salmon populations are imperiled by a combination of stream habitat loss,
overfishing, dams, and the release of millions of fingerlings from hatcheries—even as the fish try to respond to climate change
and ocean acidification.
“It’s a fascinating report,” says Matthew Sloat, a fisheries ecologist with the Wild Salmon Center, a nonprofit salmon conservation
group in Portland, Oregon. “The main conclusion is not terribly surprising,” he says, but “it does confirm a long-standing guess
that there has been a broad loss of genetic diversity in the [Columbia River] Basin.”
Genetic diversity is often key to enabling a species to adapt to changing environmental conditions. In salmon, for example, some
individuals or populations might carry genes that make them less susceptible to new diseases or warming seas, enabling the
species to survive the loss of other In Chinook salmon, part of the diversity loss is undoubtedly the result of an overall decline in
Chinook populations. From the late 1880s through the early 1920s as much as 11 million kilograms of Chinook were
harvested each year. That number has dropped to about 2 million kilograms per year today. But roughly half of these
fish originate in hatcheries that release fingerlings that are far more genetically similar than wild populations. Other factors
have also contributed to the loss of diverse wild salmon populations, including destruction of stream habitats, water diversions for
agriculture, and the construction of more than 400 dams across the Columbia River Basin and its main tributary, the Snake River.
The dams prevent salmon from reaching more than half of the river system’s spawning habitat.13

State Water Board Chief Admits Mistakes Set Stage for 2016-2017 Salmon Crash – Not Accountable
The head of the watchdog agency overseeing California water said he was “mistaken” last year [2014] when he approved
emergency actions that harmed threatened fish. At a 12-hour hearing in Sacramento on Wednesday, Tom Howard, executive
officer of the State Water Resources Control Board, made clear the impact of the severe drought on people.
But he also said he was “just wrong” when he concluded last year that temporarily changing the rules to keep more water in
reservoirs would not cause unreasonable harm to the environment. Despite that admission, Howard approved many of the same
emergency changes this year [2014], such as reducing flows through the Delta to hold back more water in upstream reservoirs.
Threatened Delta smelt crashed to their lowest level on record last year, and 95 percent of endangered winter-run Chinook salmon
eggs and juveniles died upstream on the Sacramento River. Environmentals (sic) have argued that the plight of the fish was
worsened by last year’s water management decisions, an argument that Howard seemed to validate on Wednesday.14
Government-Induced 2018 Salmon Crash Failure to Meet Cold-Water Requirements = Fishing Restrictions

During and since the 2012-2016 drought, the cohort replacement rate for Sacramento River winter-run Chinook salmon (winterrun, Oncorhynchus tshawytscha) indicated an overall population decline. Juvenile winter-run from brood years 2014 and 2015 had
very poor survival due to drought conditions and unfavorable temperatures on the spawning grounds. Adults returning in 2017
were the progeny from 2014, when winter-run eggs suffered high mortality, and there were approximately 3 times the production
of hatchery winter-run from Livingston Stone National Fish Hatchery (LSNFH). …Brood year 2018 is expected to be low as well,
as they will be the adults of the progeny from 2015, when winter-run eggs suffered high mortality, and there were approximately
2 times the production of hatchery winter-run from LSNFH.15
Last year, despite modeling indicating that temperature control could be maintained, temperature targets were not achieved in the
upper reaches of the river late in the season, resulting in the death of nearly all 2014 wild juvenile winter-run salmon.16 According
to the U.S. Bureau of Reclamation (USBR) data, it exceeded the temperature requirements for the Sacramento River winter-run
Chinook salmon, listed as endangered, under the federal ESA, for the years 2014-15.17 Salvaged and dead fish at the SWPCVP Delta pumps are counted by DWR and USBR’s personnel and they provide the DFW with the “Take” kill numbers!

NOAA’S Scientists Misinformed Public 2007-08 Salmon Collapse Resulted from Unfavorable Ocean Conditions
NOAA blames ocean conditions for salmon collapse,18 but California fishermen point to other causes. “The salmon decline exactly
parallels the decline of every other species in the Delta impacted by the increased pumping,” said John Beuttler. From 2001 to
2007 Delta exports increased from 5 million acre-feet to peak over 6.3 million acre-feet. The Delta’s food web has collapsed as
has salmon survival.” Faced with increasing evidence that water exports from the California Delta are a key factor in the collapse
of Chinook salmon in the Central Valley, the Bush administration is claiming that “unfavorable ocean conditions” are the likely
culprit” for the dramatically low returns of Sacramento River fish. “We are not dismissing other potential causes for this year’s low
salmon returns,” said Usha Varanasi, NOAA’s Fisheries Science Center Director for the Northwest Region.”19
Public advocates formally requested Director Varanasi to provide the Quality Assurance scientific data to support NOAA’s
assertions; she could not provide the data. Communication exchange with Ms. Varanasi, available upon written request.

2016-2017 Salmon Crash Sacramento River Fall-Run Salmon Decline
In an April 2018 post, I [Tom Cannon] revisited the 2007-2009 salmon crash and warned of the current 2016-2017 crash. In an April
2017 post, I opined on the status of population and its future given the population crashes. In this post, I update the population data
with preliminary estimates of the 2016 and 2017 runs, including (1) the in-river estimate from the spawning grounds between
Keswick Dam and Red Bluff (Figure 1), and (2) Coleman National Fish Hatchery (CNFH) and Battle Creek (Figure 2)
Figure 1. Run size estimates (escapement) of fall-run Chinook salmon from spawning grounds in the upper Sacramento
River between Keswick Dam and Red Bluff from 1975 to 2017. Figure 2. Run size estimates (escapement) of fall-run
Chinook salmon from the Coleman National Fish Hatchery on Battle Creek near Red Bluff from 1975 to 2017

I [Tom Cannon] developed a stock-recruitment relationship using the in-river data shown in Figure 1. A plot of the
population-produced from spawners three years earlier (Figure 3) shows extremely poor runs for 2016 and 2017,
given the number of parental spawners three years earlier. The red numbers reflect drought conditions winter-spring
of 2014 and 2015, when these broods were rearing and migrating in the Sacramento River in the first few months of
their lives. The earlier posts covered the factors that led to poor survival in the drought years.

Forecasts for the 2018 run are mixed. Higher jack
numbers in the 2017 run likely foreshadow
improvements in the adult 2018 run. Based on the
Figure 3 relationships, the higher 2015 run, along
with normal year conditions (a green number) for
winter-spring 2016 compared to 2014 and 2015,
would also indicate an improved run for 2018. A
forecast for 2019 and 2020 runs, given the poor runs
in 2016 and 2017, is risky at best, despite
reasonably good winter-spring conditions in 2017
and 2018 compared to drought years 2014 and
2015. A lack of recovery to 2015 spawner levels in
the fall 2018 run would be a serious concern.
Figure 3. Spawner-recruit relationship for fall-run inriver estimates of run size from Figures 1 and 2.
Number indicates spawner estimate for that year (yaxis) as derived from spawners three years earlier (xaxis). Color indicates winter-spring rearing-migration
conditions for that brood (winter-spring 2015 for
spawners in 2017). Red denotes dry year in first
winter-spring. Green is for normal years. Blue is wet
years. 20

Poor Returns: The 2017 Salmon Season The Fish Report
Every year, the Pacific Fishery Management Council (PFMC) publishes a report on the previous year’s salmon fisheries along the
West Coast. The report details harvest totals and socioeconomic benefits for the California ocean fishery, and escapement totals,
or the number of salmon that “escaped” the fishery and returned to the Sacramento and San Joaquin rivers. The report also
provides an opportunity to compare these numbers with the preseason prediction that was used to set harvest regulations for that
year. Inaccurate preseason predictions can have severe consequences: underestimating the salmon population can lead to
excessively restrictive fishing regulations, while overestimating can lead to over-harvest, and fewer salmon returning to rivers. In
12 of the last 15 years, PFMC predictions have overestimated the size of the population (Figure 1), leading to higher than expected
harvest rates and reduced escapement to Central Valley streams.

Figure 1: Percent difference from PFMC average annual preseason Sacramento
Index Forecast relative to the actual Sacramento Index observed, 1985-2017.

Figure 2: The Sacramento Index: Fall-run Chinook salmon ocean harvest,
and escapement in Sacramento River, 1983-2017.

The results of the 2017 fishing season in California reveal both an underwhelming harvest and shockingly low numbers of fish returning
to rivers in the Central Valley, likely reflecting both the impacts of drought and the challenges of accurately forecasting salmon abundance.
In California, the PFMC report focuses primarily on fall-run Chinook salmon in the Sacramento River Basin, as this population contributes
the majority of fish caught in the ocean fishery. The metric used to represent this abundance is the Sacramento Index (SI), which is the
total number of adult fish (ages 3-5) projected to be available in the ocean that will either be harvested (in the ocean or river), or will
escape to spawn in natural areas and hatcheries in the Central Valley. The preseason forecast for 2017 was an expected SI of 230,700
fish, with a total projected spawning escapement (hatchery and natural area) of 133,242 fish, based on fishing regulations and quotas.
This escapement would have exceeded the management goal of 122,000 hatchery and natural area spawners.

However, the 2017 salmon season resulted in an actual SI of 139,997 fish, meaning that the preseason forecast overestimated
the actual population by more than 65%. More troubling is the fact that only 44,574 fall-run Chinook salmon (hatchery and naturalarea spawners) returned to spawn in the Sacramento River Basin in 2017. This was less than half of the previous year’s total, and
close to the lowest year on record during the fishery collapse of 2008-2009 (Figure 2). Salmon that returned to hatcheries (27,039)
exceeded those that returned to natural area returns (17,535), which was a reversal of the previous year (Figure 3). However,
hatchery-origin fish likely made up a large percentage of the natural-area spawners as well, as the majority of hatchery fish are
unmarked, and off-site releases of juvenile hatchery salmon have increased in recent years, which has been linked to higher
straying rates of returning adults (Palmer-Zwahlen and Kormos 2015).
The reduced population of returning salmon in 2017 was not surprising given the
lingering effects of a historic multi-year drought, since many of the returning fish would
have hatched during particularly tough conditions in 2014. However, one area of
optimism from the 2017 salmon season was escapement to the San Joaquin River,
which generally constitutes less than 10% of the total Central Valley escapement. In
2017, a total of 16,250 fall-run Chinook salmon returned to natural areas and 16,104
salmon returned to hatcheries (i.e., Mokelumne and Merced River) of the San Joaquin
Basin, representing 32% of the total fall-run escapement to the Central Valley. The
total San Joaquin Basin escapement of 32,354 fish surpassed the previous year’s
total (26,331), which had been the highest since 2002. It is not clear why the
proportion of escapement has been relatively high in the San Joaquin Basin over the
past few years, but it may be due in part to increased trucking and release of hatchery
smolts at off-site locations during the drought, and the resulting increase in stray fish
from other basins.
As expected, the commercial fishery harvest in 2017 was very poor As expected, the commercial fishery harvest in 2017 was very poor
compared to previous years, with landings revenues (coastwide exvessel value) totaling $4.9 million – this is 85% below the 1979–1990
inflation-adjusted average of $31.8 million (Figure 4). A total catch of only 42,261 salmon represents less than a quarter of the average
catch over the previous five years (2012–2016 average = 169,437). Commercial fishing effort (boat days fished) was approximately half
of recent years and fewer commercial vessels participated in the fishery. Only 398 commercial vessels made salmon landings in 2017,
the fewest since 2010, and 39 fewer than last year. While the average California exvessel price (i.e., price received at the dock) for troll-

caught Chinook salmon was at its highest since 1977 ($9.90 per pound, inflationadjusted), the total exvessel value of the commercial fishery was the lowest since 2010
(Figure 4). After a disappointing year in 2017, anglers across the state are hoping to
catch a break. In coming weeks, we’ll review the preseason predictions for the 2018
fishing season and share other noteworthy findings from the 2017 salmon season. This
post featured in our weekly e-newsletter, the Fish Report. You can subscribe to the Fish
Report here. 21
This FACT SHEET in the third in a series, produced and funded by NCGASA, if you
Figure 4: Commercial exvessel value and price per
are interested in ensuring the protection and sustainability of our fisheries, wildlife
pound, 2006-2017. Source: PFMC 2018.
and water resources, you are invited to join us as a member. Go to www.ncgasa.org
Click on Membership Application. Your $20.00 membership is tax deductible, as
NCGASA is a non-profit 501(3)(c) organization. Want to save the salmon, then join the sportsmen’s voice – just common sense!
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