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Participants of the 2020 Fraser Sockeye Science Integration workshop concluded that
four year old Fraser Sockeye returning in 2020 will continue to exhibit below average
survival. Specifically, four year old returns are predicted to fall below the 50%
probability level of the 2020 Fraser Sockeye quantitative forecast of 638,000 four year
olds, excluding Harrison. While responses differ across populations, overall survival
of Fraser Sockeye will likely be below average.

Workshop participants compiled and integrated environmental and biological
observations spanning the life cycle of four year old Fraser Sockeye returning in
2020. This report presents these observations, and their predicted implications for
survival. Conditions observed over most of the life cycle of the four year old 2020
returns were similar to those experienced by Fraser Sockeye returns since 2017.
These cohorts all exhibited below average survival, including the lowest on record,
observed in 2019. The 2020 prediction of below average survival is consistent with
recent salmon and associated ecosystem observations, and poor returns.

The goals of the annual Fraser Sockeye Science Integration workshop are to provide
advice on survival of Fraser Sockeye populations in the upcoming return year, and
improve our understanding of factors influencing survival. This is particularly
important as climate change and other factors have influenced decade long declines
across most of these populations. Understanding how salmon respond to current and
future changes is important to the development of habitat restoration, hatchery, and
science programs that are aligned to future salmon survival.
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Les participants a I'atelier d’intégration scientifique sur le saumon rouge du Fraser de
2020 ont conclu que les saumons rouges du Fraser agés de quatre ans remontant en
2020 continueront d’afficher un taux de survie inférieur a la moyenne. Plus
précisément, nous prévoyons que les montaisons de saumons de quatre ans seront
sous le niveau de probabilité de 50 % de la prévision quantitative totale de 2020 pour
le saumon rouge du Fraser, a I'exclusion du stock de la riviere Harrison. Cela signifie
gue moins de 638 000 saumons rouges du Fraser agés de quatre ans remonteront
en 2020. Bien que les réactions varient d’'une population a l'autre, la survie globale du
saumon rouge du Fraser sera probablement inférieure a la moyenne.

Les participants a I'atelier ont compilé et intégré les observations environnementales
et biologiques couvrant le cycle vital des saumons rouges du Fraser de quatre ans
remontant en 2020. Le présent rapport présente ces observations et les
répercussions prévues sur la survie. Les conditions observées pendant la majeure
partie du cycle vital des saumons rouges du Fraser agés de quatre ans remontant
en 2020 sont similaires a celles connues par les saumons rouges du Fraser qui sont
remontés depuis 2017. Ces cohortes précédentes affichaient toutes un taux de survie
inférieur a la moyenne, y compris le taux le plus bas jamais enregistré, observé en
2019. La prévision d’une survie inférieure a la moyenne pour 2020 est cohérente
avec les observations récentes sur le saumon et son écosystéme, ainsi qu’avec les
faibles remontées.

Les objectifs de I'atelier annuel d’intégration scientifique sur le saumon rouge du
Fraser sont de fournir des avis sur la survie des populations de saumon rouge du
Fraser au cours de la prochaine année de montaison et de mieux comprendre les
facteurs qui influent sur la survie de cette espece. Cet atelier est particulierement
important, car les changements climatiques et d’autres facteurs ont influencé le déclin
de la plupart de ces populations depuis une décennie. Il est important de comprendre
comment le saumon réagit aux changements actuels et futurs pour pouvoir élaborer
des programmes scientifiques, de restauration de I'habitat et d’écloseries qui soient
en phase avec la survie future du saumon.



1 INTRODUCTION

Fraser River Sockeye salmon migrate through diverse river, lake, and ocean habitats
throughout their life cycle. Most Fraser Sockeye exhibit a lake-type life history, spending their
first two years of life in freshwater and their last two years in the ocean. Fraser Sockeye begin
life as eggs in river or lake gravel, and subsequently rear in lakes as fry. Upon reaching the
ocean, they migrate through the Strait of Georgia (SoG) to reach the Northeast (NE) Pacific
Ocean before returning to their natal spawning grounds as four year olds, where they
reproduce and die. This round trip covers roughly 10,000 km. There are other variations of
Fraser Sockeye life history that are not covered in this report, since they generally contribute
small numbers to the total Fraser Sockeye production.

The complex life-history of Fraser Sockeye makes it challenging to accurately predict the
abundance that will return in a given year. There is large variability in their annual returns,
which have ranged from as low as 500,000, in 2019, to 30 million, in 2010. As a result,
guantitative return forecasts are highly uncertain, characterized by wide probability
distributions (DFO 2011, 2012, 2013, 2014a, 2015a, 20164, 2017, 2018, 2019, Grant et al.
2010; Grant & MacDonald 2012; MacDonald & Grant 2012). Pre-season quantitative return
forecasts are produced annually for 19 Fraser Sockeye stocks and eight additional
miscellaneous stock groups using a suite of forecast models, and up to 67 years of spawner-
recruit data, depending on the stock. Forecasts are presented as standardized cumulative
probabilities (10%, 25%, 50%, 75%, and 90%) using Bayesian statistics for biological models,
or residual error for non-biological models (Grant et al. 2010). Distributions of forecasted
values reflect uncertainty in returns attributed to historical variations in stock survival (recruits-
per-spawner) for a given brood year escapement (or juvenile abundance): lower forecast
values represent the low end of historical survivals, and high values the upper end.
Probability levels indicate the chance that returns will fall at or below the associated
forecasted value.

Fisheries and Oceans Canada (DFO) monitors and investigates salmon and their ecosystems
with the objective of improving our understanding of factors that govern variation in salmon
survival and abundances. Biological and associated ecosystem observations spanning the
life cycle of Fraser Sockeye have the potential to improve the precision of return forecasts for
a given year. Apart from limited smolt and fry data, and select environmental covariates, life
cycle observations are not currently incorporated quantitatively into Fraser Sockeye
population dynamic models (DFO 2011, 2012, 2013, 2014a, 2015a, 2016a, 2017, 2018a,
2019a, MacDonald and Grant 2012). This is attributed to the number and complexity of
factors that likely contribute to salmon survival, the inter-annual variation in their relative
contributions, and the limited understanding of how these factors interact.

As an interim step, the annual Fraser Sockeye Science Integration Workshop, held since
2014 (DFO 2014b, 2015b, 2016b, MacDonald et al. 2018, MacDonald et al. 2019, MacDonald
et al. (in prep)), brings together Fraser Sockeye experts within DFO Science and Fisheries
Management to present and discuss observations from the various ecosystems that Fraser
Sockeye pass through during their life cycle. Information presented by DFO scientists in this
forum includes results from formal analyses, as well as raw data, preliminary results,
opportunistic observations, and expert opinion.

The purpose of this workshop is to qualitatively predict survival of the upcoming four year old
Fraser Sockeye return, using expert judgement to integrate observations. Results from this
science integration process can help narrow the range of possible return abundances within



the wide forecast distributions produced for Fraser Sockeye, by providing qualitative
assessments of potential survival, ranging from ‘poor’ survival to ‘good’ survival.
Consequently, as we continue to bring these observations together and learn from previous
processes, we can begin to quantitatively assess the utility of this information for informing
Fraser Sockeye population dynamics and future returns.

Expanding our understanding of factors that influence salmon population dynamics will
support forecasting processes, as well as fisheries management, and habitat and hatchery
enhancement activities. This understanding is particularly important as ecosystems are
quickly altering in response to climate change. Therefore, improved information on the drivers
of salmon population dynamics will help science, hatchery, habitat, and fisheries
management systems better anticipate, and respond, to future changes.

This report compiles the results of the three-day 2020 Fraser Sockeye Science Integration
Workshop, integrating life cycle observations for the four year old returns of Fraser Sockeye
in 2020. The workshop was held in Vancouver, B.C., from January 21-23, 2020 and included
22 participants (Appendix 1). Day one was spent in a special session, looking at the
observations highlighted in the 2019 Fraser Sockeye Science Integration Workshop
(MacDonald et al. 2019), compared with preliminary 2019 return data. Results from this
discussion are in Section 3.1. Days two and three were broken up into four sessions that
cover key stages of the Fraser Sockeye life cycle, pertaining to the four year old returns in
2020:

Brood year spawners and egg stage (Summer/Fall 2016 - Spring 2017)
Juvenile freshwater rearing stage (Spring 2017 - Spring 2018)

Juvenile downstream migration (Spring 2018)

Juvenile and sub-adult marine rearing stage (Spring 2018 — present)!

During each session on days 2 and 3, DFO scientists presented their relevant observations,
and participants discussed and integrated these observations in the context of Fraser
Sockeye survival at the corresponding life stage. Participants also identified highlights from
each life stage, and associated implications for survival of the 2020 return. This report
presents the contributed observations and points of discussion resulting from the 2020
workshop, organized into life cycle segments, similar to the workshop.

After the Introduction, this paper is divided into three sections, each presenting a
different level of detail to communicate to a broad range of audiences. The intent is
that readers will choose to read the section that presents the level of detail of interest
to them.

Section 2 - Highlights: Presents highlights identified by meeting participants, along with
expert opinion on the potential effects of these observations on Fraser Sockeye
survival for the corresponding life stage, their confidence in those effects, the
predicted significance of those effects on overall survival, and where to look in the
document for more information. This section is tailored to those looking for a quick list
of the key observations and their presumed effects on Fraser Sockeye survival.

Sections 3.2-3.6 - Overview: Provides an overview that synthesizes the observations and
discussions that occurred during the workshop, in the context of the Fraser Sockeye
life cycle. This section is appropriate for those looking for a summary of the main

1 Most marine observations and data available at the time of the 2020 workshop pertain to 2018

2



observations discussed, with high level background on some of the survival
mechanisms and their potential effects by life stage.

Section 4 - Detailed Observations: Catalogues detailed contributions from individual
scientists and/or work teams according to the salmon life-stage, and program where
appropriate. This section presents the greatest depth of information, and associated
figures. Note that not all programs present at the workshop contributed sections,
hence their work will only be referenced in Section 3.



2 HIGHLIGHTS

We predict that four year old Fraser Sockeye returning in 2020 will exhibit lower than the
median forecasted survival (recruits per effective female spawner). Four year old returns are
expected to fall below the 50% probability level of the total four year old forecast,
corresponding to returns below 638,000 (excluding Harrison). While responses are expected
to differ across populations, the overall survival response will likely fall below the median
forecast. This below average survival prediction is consistent with predictions provided
through this process since 2017 (MacDonald et al. 2018, MacDonald et al. 2019).

Total Fraser Sockeye survival has generally been below average (return years: 1952-2019)
since the mid-1990’s (Figure 1 A). Returns were particularly low between 2015 and 2017,
falling near, or below, the 10% forecast probability level. Returns in 2018 were not as poor as
predicted during the 2018 science integration process (MacDonald et al. 2018), falling
between the 25% and 50% probability levels of the forecast. However, the 2019 returns broke
records as the worst Fraser Sockeye return ever observed, with only ~500,000 Sockeye
returning; falling well below the 10% probability level of the forecast. This return was further
challenged by the barrier to upstream migration created by the Big Bar landslide on the
Fraser mainstem (DFO 2019). This barrier affected the spawning potential of all upstream
migrating populations, including the numerically dominant Chilko population.

Total survival of the dominant brood years contributing to returns between 2015 and 2017
(2011-2013 brood years) fell near or below replacement, measured as 2.0 total recruits per
effective female spawner (EFS), across stocks excluding Cultus and Harrison, in each of
these years (2011 brood year: 1.7 recruits/EFS; 2012 brood year: 2.1 recruits/EFS; 2013
brood year: 1.1 recruits/EFS) (Figure 1). Survival of the 2014 brood year, contributing four
year olds to the 2018 return, and five year olds to the 2019 return, was slightly improved
based on preliminary data (~3.6 recruits/EFS), though still well below the 1948-2014 brood
year geometric average (7.2 recruits/EFS). Subsequently, four year old survival of the 2019
return was the lowest on record (0.3 age-4 recruits/EFS), though this is affected by annual
variations in the age-at-return. For each stock, preliminary survival (four year old
recruits/EFS) associated with the 2019 return year was exceptionally low (Figure 2).

The recent period of consistently low Fraser Sockeye survival, punctuated by some of the
lowest survivals ever observed, coincided with warmer than average atmospheric and ocean
temperatures, and concurrent changes in freshwater and marine ecosystems (MacDonald et
al. 2018, 2019, Boldt et al. 2019). Many such observations persisted during the lifespan of the
four-year olds returning in 2020.
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Figure 1. (A) Total Fraser Sockeye annual returns (dark blue vertical bars show the 2018 cycle and
light blue vertical bars show the three other cycles) and (B) total Fraser Sockeye survival (grey, blue,
and red dots are loge (returns/total spawner)) are presented up to the 2019 return year. For both
figures, dashed lines indicate the average values for the 1952-1994, and 1995-2019 time periods.
Productivity and returns have declined in recent decades, highlighted red, with the exception of four
years from 2010-2013, which were closer to average, highlighted blue.
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Figure 2. Four year old Fraser Sockeye survival (Ricker model residuals for all populations except
Scotch, Seymour and Late Shuswap, which are Larkin residuals) up to the 2015 brood year (2019
return year) across 18 key populations. The 2019 data point is based on preliminary data only. Red
circles indicate below average survival and blue circles indicate above average survival. Circle sizes
represent the deviation from average survival for each stock; the larger the circle, the larger the
deviation from average. The 2005 and 2015 brood years (2009 and 2019 return years) have been
highlighted using a broken vertical green line. The 2005 brood year spurred the initiation of the Cohen
Inquiry into the declines of Fraser Sockeye, and the 2015 brood year is associated with the lowest
return on record.

Parental spawners of the four year old 2020 returns migrated through warmer than average
river temperatures and low flow conditions to reach their spawning grounds, potentially
affecting reproductive development and gamete viability, and/or having carryover effects on
juveniles (Macdonald et al. 2000, Tierney et al. 2009, Sopinka et al. 2014). However,
spawning ground conditions were considered normal, and spawners were reported to be in
good conditions on the spawning grounds, with some exceptions. After an extremely warm
November 2016, cool conditions prevailed through the remainder of the egg incubation period
(Environment and Climate Change Canada (ECCC), Pacific Climate Impacts Consortium
(PCIC)).

Cool temperatures continued into the spring of 2017. May 2017 was warm, leading to rapid
snowmelt and high flows in early June (ECCC, PCIC). Depending on migration timing, high
river flows may have helped some populations migrate downstream to their rearing lakes, and
may have expanded littoral zones in some systems. Alternatively, these flows may have
presented migration challenges for those populations that migrate upstream to their rearing
lakes, such as Chilko and Weaver.

Summer 2017 air temperatures were above normal for the southern half of the Fraser basin,
continuing into September, which likely extended the growing season in some areas, and



may have positively impacted fry growth if prey were not limiting (Edmundson and Mazumder
2001). However, hot dry conditions also facilitated an extremely active wildfire season, the
effects of which are unknown for salmon lake-fry development.

Air temperatures were again generally below normal overwinter in 2017, but transitioned into
extremely high temperatures compared to average in May 2018 (ECCC, PCIC). The
snowpack in the Fraser basin was above normal heading into spring (Ministry of Environment
River Forecast Centre), and quickly melted, leading to an early Fraser River freshet, with
record high day-of-year flows in May 2018. Outmigrating Fraser Sockeye smolts would have
experienced variable levels of discharge depending on their migration timing. Those migrating
during higher than average flows potentially benefitted from reduced predation risk (Ginetz
and Larkin 1976), but may have also experienced negative effects from increased suspended
sediments (Martens and Servizi 1993).

Upon reaching the marine environment in early 2018, the Northeast Pacific marine heatwave
of 2013-2016, referred to as ‘The Blob’ had diminished (Chandler et al. 2018), though it
continued to affect lower trophic levels. Timing and duration of the spring phytoplankton
bloom in the SoG was normal (Costa 2019, Allen et al. 2019), as was the zooplankton
biomass in the SoG (Young et al. 2019). Interestingly, species composition of the larger
copepods in the SoG was shifted away from the typically spring dominant Neocalanus
plumchrus, with Eucalanus bungii instead making up the majority of the large copepod
biomass (Young et al. 2019).

In late 2018, conditions transitioned from a weak La Nifia to a weak El Nifio (Ross and Robert
2019). Additionally, new marine heatwaves were detected in the Northeast Pacific starting in
fall 2018 (Hannah et al. 2019, Ross and Robert 2019). Off the West Coast of Vancouver
Island (WCVI) in September 2018, the phytoplankton community composition and biomass
was similar to previous years (Pefia and Nemcek 2019). However, zooplankton off the WCVI
was still composed of a higher than normal abundance of southern, warmer water associated
copepods, and lower than normal subarctic copepods (Galbraith and Young 2019).

Fraser Sockeye run size forecast models typically take into account density-dependent
survival, as represented by the historical data. This includes the high density effects of
spawners competing for spawning habitat — and juveniles competing for food — on survival
to the next life stage. Density-independent factors affecting survival have been challenging to
incorporate effectively into most forecast models for Fraser Sockeye (MacDonald and Grant
2012; DFO 2017, 2018). These include effects of ecosystem conditions on salmon survival,
independent of salmon densities.

Sea-surface temperature (SST) covariates were used to inform survival of some stocks in the
2020 forecast. However, they had little effect on the forecasts because temperature
covariates are applied to the smolt outmigration time-period (spring 2018), and during this
time, sea-surface temperatures in the SoG, and the PDO index, were not unusually high.
These indices do not reflect the residual impacts of the 2013-2016 marine heatwave on lower
trophic levels, that have an associated impact on food quality and availability for salmon..

This qualitative science integration process attempts to capture nuanced observations, to the
extent currently possible, across life-stages, to reduce uncertainty in the quantitative Fraser
Sockeye forecast by making predictions about potential survival. In this process, the potential
impacts of each observation on survival are not summed to come to a final prediction.
Instead, experts discuss observations and data, coming to their own conclusions about
survival, based on their individual integration and weighting of the material, supported by
published empirical relationships. Weighting of individual observations is not formalized and
likely differs between participants. However, during plenary sessions, individual processes
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and opinions are discussed as participants come to consensus on the predicted impacts on
survival for each of the four broad life stages (see below), and overall.

Participants in the 2020 science integration process predicted that Fraser Sockeye returning
in 2020 will likely exhibit poor survival relative to the 1952-2019 average, given the overall
warm conditions and shifted ecosystems observed in recent years. It was noted that the
freshwater residence period of this cohort was generally warmer than average. Though this
potentially impacted some Fraser Sockeye stocks, participants agreed that observations and
current knowledge indicate low potential impacts on survival for each of the freshwater life
stages, with an overall neutral effect (Table 1 & Table 2). Additionally, the dominant stocks
expected in 2020, Chilko and Chilliwack (54% of the predicted return excluding Harrison),
exhibited average survival to the smolt stage for Chilko, and high survival to fall fry for
Chilliwack. This indicates that survival, but not necessarily fish condition, during these stages
was not negatively impacted by the conditions. However, upon leaving Chilko Lake, Chilko
smolts were somewhat smaller than expected based on their EFS numbers, and had lower
than expected lipid levels, suggesting that growing conditions were less favourable than
average. This may have impacted downstream and/or marine survival.

Participants identified that negative impacts on survival were possible during the marine
phase of the 2020 Fraser Sockeye returns. This was due to the delayed effects of the 2013-
2016 marine heatwave and associated ecosystem changes on the food web, potentially
affecting food quality and availability for Sockeye. This was coupled with observations of
additional marine heat waves beginning in fall 2018.

Ecosystems relied upon by Fraser Sockeye are changing rapidly as the effects of global
climate change become more prevalent, and unusual events become more frequent. In
recent years, all participants of this process have observed profound events or changes in the
ecosystems and salmon life-stages they assess. It was generally agreed within the group that
with climate change, conditions that salmon experience are no longer ‘normal’ in comparison
to historic conditions. Meaning, as climate change proceeds, ‘baselines’ that may be
considered as reference conditions will also change, and we are less likely to observe
conditions that were historically common.

Such changes increase the uncertainty in our ability to predict future Fraser Sockeye survival,
as all life-history stages are affected with largely unknown consequences. These changes
emphasize the value of current and ongoing monitoring of salmon and their ecosystems to
better understand the impacts of environmental change on salmon survival. This is critically
important, as we need to improve not only short-term forecasts, but longer term predictions of
the broad-scale responses of salmon populations to a changing climate. This is needed to
align our fisheries management, salmon recovery, and habitat restoration activities now to
future salmon production and biodiversity.

We continue to have major gaps in many of our salmon and ecosystem research and
monitoring programs. These include conspicuous gaps in our freshwater lake and stream
monitoring programs, non-Sockeye salmon species, and marine ecosystem monitoring. New
and expanded monitoring in these areas of research will provide valuable information to help
ensure sustainability of salmon stocks into the future.

Fraser Sockeye returning to the upper watershed in 2020 will be further affected by a
significant landslide that occurred in French Bar canyon on the Fraser River near Big Bar,
B.C. in November 2018 (Evans Ogden 2020). Impacts of this landslide have not been
incorporated into this report, but negative impacts on the numbers and/or condition of
spawners that reach the spawning grounds above the slide site in 2020 are expected.
Specifically, populations that are likely to be impacted include the Takla-Trembleur-Early
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Stuart, Bowron-ES, Nadina-ES, Taseko-ES, Chilko-S, Takla-Trembleur-Stuart-S, Quesnel-S,
and Francois-Fraser-S CUs.

Highlights identified by meeting participants have been organized into two tables. Table 1
shows general highlights assumed to affect most or all Fraser Sockeye stocks. Table 2
presents highlights specific to certain stocks. Highlights are listed with associated categories
of effects on survival, confidence in those effects, and potential to impact survival to the next
life stage, based on expert opinion, as follows:

Column 1: Effect: Negative, Neutral, Positive, Variable
Column 2: Confidence in this effect: Possible, Likely, Very Likely

Column 3: Potential impact on survival: Low, Medium, High, Unknown,
Incorporated (this means the consideration
was included in the quantitative forecast
model)

Column 4: Page number for more information.

Participants also came up with a summarized effect, significance, and potential impact on
survival across observations for each life stage, based on plenary discussions. Details that
correspond with the highlights below can be found in subsequent sections.



Table 1. General highlights for Fraser Sockeye survival pertaining to all stocks. Columns include expert opinion of potential effect of observation
on survival within life stage, confidence of effect within life-stage, potential impact on survival to the subsequent life stage, and page number for
more information. Participants also came up with a summarized effect, significance, and potential impact on survival across observations for each

life stage, based on plenary discussions.

Overall Effect Confidence Potential Impact Page #
Fraser Sockeye Survival Negative Likely NA NA
Brood Year Spawners and Egg Stage (Summer/Fall 2016-Spring Potential impact on
2017) Effect Confidence survival Page #
° Lower Fraser River temperatures were predominately above Negative Very Likely Low 29
average during adult migration: Summer and Late Sockeye
populations experienced conditions above 19°C during mainstem
migration
° Spawning ground water temperatures and stream flows for most  Neutral Likely Low 30
populations were within normal ranges during spawning, with
some exceptions
e  Fraser River discharge at Hell's Gate, a migration barrier during Neutral Very Likely Low 29
high flows, was below average during adult migration of all run-
timing groups in 2016
° Sockeye were reported to be in good condition on spawning Neutral Likely Low 29
grounds in most areas, with some stream-specific exceptions
° November air temperatures were very warm, with anomalies at Negative Possible Low 33
least 4-5°C above normal in 2016; this has the potential to
influence egg incubation conditions
BROOD YEAR SPAWNER STAGE - summary NEUTRAL LIKELY Low
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Potential impact on

Juvenile Freshwater Rearing (Spring 2017-Spring 2018) Effect Confidence survival Page #
e Normal timing of Fraser River spring freshet, with above average Neutral Possible Low 35
early June flow
e Extensive fire season and hot summer air temperatures with Unknown  Unknown Unknown 22
unknown impacts
e Warm fall likely lengthened the growing season in some areas Positive Possible Low 36
e  Overall winter 2017-2018 air temperatures below normal, Neutral Possible Low 41
transitioning to a very warm May
JUVENILE FRESHWATER REARING STAGE - summary NEUTRAL  LIKELY LOwW
Potential impact on
Smolt Downstream Migration (Spring 2018) Effect Confidence survival Page #
e  Early-timed peak freshet with day-of-year record flows in May; Neutral Possible Low 43
mainstem temperatures were average
e  Populations experienced different levels of discharge based on Variable Possible Low 43
their migration timing
e  Migration timing past Mission was slightly earlier than average, Neutral Possible Low 25
however, there may be some bias in this timing estimate
®  Smolts at Mission varied in average length by stock Neutral Possible Low 25
SMOLT DOWNSTREAM MIGRATION - summary NEUTRAL POSSIBLE LOW
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Potential impact on
Juvenile Marine Rearing (Spring 2018 - present) Effect Confidence survival Page #

e Northeast Pacific marine heatwave has diminished but it's effects Negative Possible Low 50
on lower trophic levels remain (2018).

e New marine heatwaves were observed, starting in Fall 2018, due  Negative Possible Low 49
to delayed winter cooling, and again in 2019

e The 2018 timing of upwelling of nutrient rich waters on the west  Neutral Possible Low 50
coast of Vancouver Island was early, and magnitude was not as
intense as previous years

In 2018, zooplankton composition off WCVI was dominated by Negative Likely High 50
lipid poor, less nutritious species, consistent with reduced winter

cooling; i.e. high southern copepod abundances and low

subarctic copepod abundances

Spring/Summer 2018 temperatures, salinity, and oxygen levels Neutral Very Likely Low 53
near normal in the SoG

e In 2018, the SoG spring phytoplankton bloom timing and Neutral Likely Low 53
duration were consistent with average

®  SoG zooplankton biomass in 2018 was near-average Neutral Likely Low 53

e |n 2018, the average size of juvenile Sockeye sampled in the SoG  Ppositive Possible Low 26

trawl surveys was above average

e The 2018 CPUE of juvenile Sockeye in SoG trawl surveys was Positive Possible Low 26
above average for this cycle
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2018 juvenile Sockeye CPUE in Queen Charlotte Strait/Southern

Queen Charlotte Sound trawl surveys was above average for
non-dominant cycle years

2018 juvenile Sockeye condition in Queen Charlotte
Strait/Southern Queen Charlotte Sound trawl surveys was
average

In late 2018 there was a transition from a weak La Nina to a weak

El Nino

MARINE RESIDENCE - summary

Positive Possible
Neutral Possible
Neutral Likely

NEGATIVE  POSSIBLE

Low

Low

Low

LOwW

56

56

49
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Table 2. Stock-specific highlights of survival. Columns include expert opinion of potential effect of observation on survival within life stage,
confidence of effect within life-stage, potential impact on survival to the subsequent life stage, and page number for more information.

Stock-Specific Observations

Impact on
Brood Year Spawners and Egg Stage (Summer/Fall 2016- stock specific
Spring 2017) Effect Confidence survival Page #
e Potential for negative bias in the EFS estimation for Kamloops-  positive  Likely Medium 30
ES and Shuswap-ES due to high flows
e Debris flow from Whitecap Creek in the Portage Creek Negative Likely Medium 30
watershed at the tail end of the spawning period possibly
affected egg-to-fry survival
®  Fertilization success evaluation of sampled Chilko spawners Neutral  Likely Low 30
did not indicate anything unusual
e Plasma chloride and glucose values for sampled Harrison Neutral Likely Low 30
River, Gates Creek, Upper Chilliwack River and Chilko River
adult Sockeye were within normal ranges expected for healthy
arrivals and spawners
®  High flow event observed in Nadina River during incubation Negative Possible Low 34
Impact on
stock specific
Juvenile Freshwater Rearing (Spring 2017-Spring 2018) Effect Confidence survival Page #
e Fraser, Francois and Quesnel Lake fall fry abundances were Neutral Very Likely High 38,36

consistent with DFO Stock Assessment reports of EFS
abundances. Nothing abnormal in terms of survival
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Chilliwack Lake: high fry/EFS, better summer-to-fall survival Positive  Very Likely High 38
than the previous cycle-line survey, and fish were larger
Cultus Lake: extremely poor overwinter fry survival and very Negative Very Likely Incorporated 40
low smolt numbers
Nadina spawning channel had average egg-to-fry survival; Neutral Very Likely High 34
Weaver channel was slightly below average
e Chilko freshwater survival (smolts / EFS) was similar to the Neutral Very Likely High a1
long-term average but lower than the average for the most
recent 12 years
a
Impact on
stock specific
Smolt Downstream Migration (Spring 2018) Effect Confidence survival Page #
e Chiko smolts experienced above average discharge in the Neutral Possible Low 44
Chilcotin River; temperatures were near average
e Chilko smolt body size was below average and slightly below Negative Possible Medium 47
expectations, based on the EFS numbers. Weight to length ratio
was below expected. An unexpectedly high proportion of
juveniles held over until the next spring (2019)
e Chilko smolts had some of the lowest lipid values observed in Negative Possible Medium 48
recent years
® Chilko outmigrated slightly later than average but still within the Neutral  Possible Low 44
average range. Timing past Mission was similar to average
® Seton smolts continued to be large with high lipid values Neutral  Possible Low 48
e Cultus smolts migrated with similar to average timing Neutral  Possible Low 44
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3 OVERVIEW

3.1 BACKGROUND

Fraser Sockeye Life History

Fraser Sockeye salmon spawn in rivers, streams, and along lake foreshores in the Fraser
River watershed. Most Fraser Sockeye return to spawn as four year olds. They exhibit a
lake-type life history, spending their first two winters in freshwater, followed by two winters in
the marine environment. Approximately 20% of Fraser Sockeye return to spawn as five year
olds.

Female Sockeye dig nests in the spawning ground gravel to deposit their eggs. Spawning
sites vary in terms of gravel size, ranging from coarse sand to large rubble and boulders; at
depths from 0.1 meters to 30 meters of water (Burgner 1991); and temperatures ranging
from 7 to 14 degrees Celsius, based on data for nine Fraser Sockeye populations (Whitney
et al. 2013). Eggs are then fertilized by males and incubate in the gravel through the winter.
The duration of the incubation period, and timing of emergence as fry - generally mid-April to
mid-May - are determined by incubation temperatures and discharge (Burgner, 1991;
Macdonald et al., 1998). Following emergence, fry migrate to their rearing lakes, feeding and
growing in the littoral zone then moving offshore (Morton and Williams 1990), where they
rear for an additional winter.

After their second winter in freshwater, lake-type Fraser Sockeye leave their rearing lakes
between April and June, and quickly migrate downstream (Clark et al. 2016). They enter the
Fraser River estuary and the majority migrate north through the Strait of Georgia (SoG),
Johnstone Strait, and along the continental shelf, moving offshore in the fall or winter into the
Gulf of Alaska (GOA) (Welch et al. 2009, Tucker et al. 2009). The majority of Fraser Sockeye
spend an additional winter distributed widely in the Northeast Pacific before returning to their
spawning grounds as four year olds. Fraser Sockeye return to spawn throughout the summer
and fall months, and have been aggregated into four run-timing groups based on their
spawning location and migration timing through the lower Fraser River: Early Stuart (late-
June to late-July); Early Summer (mid-July to mid-August); Summer (mid-July to early-
September); and Late (late-August to mid-October).

A small proportion of Fraser Sockeye are river-type fish. The largest river-type population
occurs in the Harrison River. These Sockeye do not rear in lakes, but instead migrate
downstream in the Fraser River shortly after they emerge from their spawning gravel. They
rear in the lower Fraser for 1-5 months (Birtwell et al. 1987), before spending up to six
months rearing in the SoG. These salmon migrate out of the SoG through either the
southern, Juan de Fuca, or northern, Johnstone Strait, route, after lake-type stocks have left
this area, heading to the GOA (Tucker et al. 2009, Beamish et al. 2016). River-type Fraser
Sockeye will not be covered in this report, since they generally contribute small numbers to
the total Fraser Sockeye production.
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Environmental and Biological Trends 2015 - 2020

Earth is warming. The average land-ocean temperature has risen by 1°C over the last
century (IPCC 2018), and the last five years were the warmest on record (NOAA 2020).
Global temperatures are expected to rise 1.5°C to 3.7°C above the 1850-1900 average by
the end of this century. The extent to which human society curbs our CO2 and other
greenhouse gas emissions will determine where in this range future temperatures fall (IPCC
2013).

Climate change impacts are already altering the freshwater and marine ecosystems upon
which Canadian Pacific salmon rely. There is a growing understanding of how Pacific salmon
and their habitats are being impacted by the shifting global climate, though much remains
unknown (Holsman et al. 2018, IPBES 2018, Chandler et al. 2018, Boldt et al. 2019, Bush
and Lemmen 2019, Grant et al. 2019). During the lifespans of the most recent returning
cohorts of Fraser Sockeye, the following impacts, associated with broader climate change,
have been observed in their ecosystems with subsequent effects on salmon:

¢ High river temperatures occurred from 2015 to 2018; summer river temperatures are
increasingly exceeding upper thermal tolerances for salmon in assessed systems;

¢ BC snowpacks were anomalously low by early May in 2015, 2016 & 2018, and by early
June in 2017; this contributed to warmer spring/summer river and lake temperatures in
snow-dominated systems in those years;

¢ Rapid snowmelt caused early, high Fraser River freshets in 2015, 2016 & 2018;

e Record summer droughts occurred in 2015, 2017 and 2018; lower water levels can block
passage to key spawning habitat, strand salmon, and increase their exposure to
predators;

e Unprecedented Northeast Pacific marine heatwaves occurred in most years during late-
2013 to late-2019; this has negatively affected many physical and biological ocean
processes relating to salmon growth and productivity;

¢ Northeast Pacific Ocean zooplankton community composition exhibited characteristics
consistent with a warmer ocean from 2016 to 2018, consisting of a higher than normal
proportion of lower food quality species near the base of the salmon food web.

Climate change impacts such as these are predicted to continue and become more frequent
and more severe moving forward. These includes warmer air temperatures (IPCC 2014a),
more extreme precipitation events (IPCC 2014a), continued warming of the ocean (IPCC
2014a), rapid spring snowmelt causing higher than normal river flows, followed by below
average summer and fall flows (Anslow et al. 2016), more frequent atmospheric heatwaves
that are expected to be more intense and longer lasting (Meehl and Tebaldi 2004), more
frequent, longer lasting, larger, and more intense marine heatwaves (IPCC 2019), and shifts
in the geographic ranges of marine species (IPCC 2014a). Environmental and biological data
collected over the lifecycle of returning salmon can help contribute to increasing our
understanding of salmon responses to local and regional effects of climate change, to predict
their future distribution, productivity, and growth.
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Review of the 2019 Workshop and Preliminary 2019 Returns

The 2019 Fraser Sockeye Science Integration Workshop predicted that density-independent
survival of four year old 2019 Fraser Sockeye returns would fall below average (between
forecasted return levels associated with the 25% and 50% probability levels; MacDonald et
al. 2019). The prediction that survival would be poor was correct, though observed returns
fell below the 25% probability level forecast. The total preliminary Sockeye run size was
estimated at 485,900 (courtesy of the Pacific Salmon Commission), which is approximately
10% of the median forecast (4,795,000) and fell below the 10% probability level (1,794,000)
(M. Hawkshaw DFO Stock Assessment pers. comm.).

All four Fraser Sockeye run-timing groups returned below their 25% probability level
forecasts. The Early Stuart stock saw returns just below the 25% probability level (26,000 vs.
27,000 at the 25% probability level). Early Summer stocks saw returns near, but below the
returns associated with the 10% probability level (93,500 vs. 111,000 at the 10% probability
level). For this run-timing group, the Nadina stock contributed the largest proportion (75%) of
the total run size, whereas the Early Thompson stocks (Fennell, Scotch, Seymour and Early
Shuswap miscellaneous stocks) contributed only a small proportion (12%), despite being
forecasted to return in similar numbers to Nadina.

Summer and Late Run stocks showed extremely low returns, both coming in at
approximately 20% of the returns associated with the 10% probability level forecasts
(360,000 and 22,200 vs 1,553,000 and 111,000, respectively at the 10% probability level).
For the Summer run-timing group, the Chilko stock dominated (60%) the run size as
expected (forecast proportion was 70.0%). For the Late run-timing group, Portage and Late
Shuswap contributed the largest portion (66.7%) of the total run size, a much higher
percentage than the pre-season estimate (18%). Birkenhead, on the other hand, contributed
a much smaller proportion (17%) than expected (75%).

The qualitative prediction of poor survival for the 2019 four year old returns was based on
notably warm conditions experienced during their freshwater residence, similar to those
experienced by Fraser Sockeye returning in 2017 and 2018, which exhibited poor survival
(MacDonald et al. 2019). Above average temperatures prevailed during the upstream
migration of their parents (in 2015) and persisted through to their juvenile freshwater rearing
stage. In the winter preceding their downstream migration as smolts, more typical conditions
returned in the Northeast Pacific Ocean. Additionally, some physical and biological
processes in the Northeast Pacific Ocean improved. However, southern, warm water species
of zooplankton continued to dominate the nearshore food web; providing a sub-optimal food
source near the base of the food web. Conditions experienced by four year old Sockeye
returning in 2019 appeared to be very similar to those experienced by the majority of fish that
returned in low numbers in 2017 and 2018 — which led to a fairly pessimistic outlook for
2019, though better than previous years’ predictions. Returns in 2019, however, ended up
being the lowest on record, lower than expected based on last year’s qualitative prediction
(MacDonald et al. 2019).

As part of this year’s workshop, we reviewed observations presented in the 2019 science
integration process (see MacDonald et al. 2019) in light of the extremely poor survival
exhibited by the 2019 returns. This examination did not reveal any different conclusions
regarding the survival predicted in that process. We would have still predicted survivals and
associated returns that were similar to previous years based on our collective life-stage
observations. Though we correctly predicted below average returns in 2019, we are clearly
either missing information for a particular Fraser Sockeye life stage that represented a
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bottleneck, or missing the cumulative linkage of conditions observed for other life-stages of
the 2019 return year. For example, it is possible that conditions in the high seas, beyond the
Strait of Georgia, and Coastal Marine sampling programs, were exceptionally poor and
represented a bottleneck for salmon survival.

As part of the 2019 review, we compared proportions of five lake-type Sockeye stocks
sampled at various life stages pertaining to the 2019 return, to evaluate the consistency of
observed relative abundances across life stages for which we have information (Figure 3).
Proportions were examined for the brood year EFS in 2015, outmigrating smolts at Mission,
B.C. in spring 2017, SoG trawl survey samples collected in June-July 2017, four year old
50% probability level return forecasts for 2019, and the 2019 return estimates. Stocks were
selected according to their order of prevalence in the sampling programs, and include Chilko,
Stellako, Quesnel, Birkenhead, and Raft/North Thompson. All other stocks were removed
from the calculations of stock proportions for each sampling component.

Four-year old returns in 2019 were heavily dominated by Chilko, as expected (Figure 3).
Four-year old Chilko returns made up approximately 80% of the return calculated across the
five prevalent stocks. Relative four year old returns to Stellako were higher than expected
based on the 2015 EFS and the official forecast at the 50% probability level, but were similar
in relative proportion to the juvenile samples at Mission. Also noteworthy, four year old
returns to both Birkenhead and the Raft/North Thompson were extremely low, ~200 returns
in each of these systems. For Birkenhead, this was somewhat signaled in the Mission
downstream program.
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Figure 3. Proportions of dominant Fraser Sockeye stocks contributing to the 2019 return, measured
through five sampling programs, including preliminary return estimates. Effective female spawner
proportions from the 2015 brood year, smolt out-migration in the Fraser River at Mission in 2017,
summer juvenile trawl sampling in the Strait of Georgia in 2017, official four-year old forecasts at the
50% probability level (M. Hawkshaw DFO Stock Assessment pers. comm.), and preliminary 2019 four-
year old return estimates derived for stocks (Steve Latham, PSC).
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Fraser Sockeye Pre-season Four year Old Return Forecasts for
2020

The 2020 pre-season Fraser Sockeye salmon run size forecast generally followed the same
modeling approach that has been applied since 2012 (DFO 2012, MacDonald and Grant
2012). This approach was adapted from Cass et al. (2006) and has been used for most
recent years (Grant et al. 2010, Grant and MacDonald 2011, 2013, MacDonald and Grant
2012, DFO 2014a, 2015a, 20164, 2017, 2018, M. Hawkshaw DFO Stock Assessment pers.
comm.).

The total median run size forecast for 2020 is 941,000, and ranges from 274,000 to
3,945,000 at the 10% to 90% probability levels. The median run size breakdown of run-timing
groups are Early Stuart (13,000), Early Summer (218,000), Summer (611,000) and Late
(99,000). Chilko has as median forecast of 256,000 (80% PI: 94,000 to 722, 000) and has
the largest forecast of the 27 forecasted stocks, contributing 27% of the total run size (M.
Hawkshaw DFO Stock Assessment pers. comm.).

Five environmental variables have been considered in the forecast models: sea surface
temperatures (SST’s) at Entrance Island and Pine Island, PDO, and Fraser River discharge
(mean and peak) during the ocean entry year (2018). Additional environmental variables
(including more climate indices, freshwater and oceanic properties) will be implemented in
future forecast models. Several alternative modeling approaches are under exploration for
future forecasts, such as boosted regression trees (Y. Xu DFO Stock Assessment pers.
comm.), empirical dynamic model, etc.

3.2 BROOD YEAR SPAWNERS AND EGG STAGE:
SUMMER/FALL 2016 - SPRING 2017

Effective female spawner (EFS) numbers are used to predict returns in quantitative Fraser
Sockeye forecasts, with one exception — Cultus — where smolts are used. Smolts are often
also used to forecast Chilko returns, however this was not the case for 2020. Most forecasts,
therefore, account for female escapements and the number of eggs released from females
by stock, assessed through carcass surveys on the spawning grounds. Quantitative
forecasts, however, do not account for the intergenerational effects of the parental
experience on the health and survival of offspring. For example, high maternal stress can
affect offspring swim performance and predator avoidance behaviour (Tierney et al. 2009,
Sopinka et al. 2014). Though quantifying the effect of the parental experience is challenging,
providing information on potential stresses experienced by this group may be helpful context
to inform our understanding of the condition and survival of their offspring.

In general, the parental generation of the 2020 Fraser Sockeye four year old return
encountered above average in-river water temperatures while migrating upstream in 2016.
Temperatures were above 19°C from mid-July to late August when Sockeye from the
Summer and Late run-timing groups were present (Figure 4). In the Nechako River, Early
Stuart and some Early Summer and Summer populations were exposed to temperatures
over 20°C during portions of their migration. Of note, exposure to water temperatures >19°C
during upstream migration has been associated with impaired reproductive development and
reduced gamete viability (Macdonald et al. 2000).
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These overall warm in-river temperatures were associated with above normal air
temperatures in June and August, though July temperatures were below normal (ECCC,
PCIC). Cool July temperatures were accompanied by precipitation levels 50-125% above
normal (climatology from 1971-2000) throughout most of the watershed (ECCC, PCIC). As
the fall progressed, average September and October air temperatures were cooler than
normal, whereas November was very warm, with air temperatures at least 4-5°C above
normal (ECCC, PCIC).

All Fraser Sockeye spawners in 2016 encountered below average river flow in the lower
Fraser River during their upstream migration (Figure 5). Researchers determined the effect
of lower than average flows to be neutral for spawners. For comparison, higher discharge
requires more energy to swim against as spawners migrate upstream to their spawning
grounds. This can be particularly problematic for fish migrating through Hell’s Gate, since the
river is constricted at this location, and periods of high discharge create a migratory barrier
there.

Spawners were generally in good condition when they arrived at spawning grounds, with little
sign of migration stress. Overall spawner success was average (90%) for 2016, though
results varied across populations. There were some exceptions — early arrivals at the Early
Stuart and Raft River spawning areas had elevated levels of pre-spawn mortality, and there
was evidence of migratory difficulties (e.g., wounds) in early arrivals at the Raft, Chilko and
Stellako spawning areas. Three stocks were skewed towards female spawners: Nadina (63%
females), Chilliwack (57% females), and Upper Barriere (60% females). Female spawners
were skewed lower in the Weaver population (38%).

Although water temperatures and stream flows at the spawning grounds were generally
favourable, high flow conditions occurred in the Harrison-Lillooet, North and South
Thompson, and Quesnel systems in September. This potentially negatively biased
escapement estimates for the Raft/North Thompson (Kamloops-ES CU) and South
Thompson (Shuswap-ES CU) systems, therefore EFS estimates for these systems may be
low. Of note, a debris flow event occurred in Portage Creek in November 2016 at the tail-end
of the Sockeye spawning period. This possibly impacted egg-to-fry survival, but did not affect
the escapement estimate, which was derived from a visual live count during the peak
spawning period.

DFO’s Environmental Watch Program collected biological samples on the spawning grounds
of the Harrison River, Gates Creek, Upper Chilliwack River, and Chilko River to further
investigate spawner condition. Physiological assessments of spawners from these
populations did not indicate anything unusual in terms of plasma ion and metabolite values
(Figure 6). Fertilization success, measured as survival to the eyed-egg stage, was sampled
for Chilko spawners only, and was above expected values. Researchers caution that
physiological condition and gamete viability results were based on a limited sample size and
cannot be extrapolated to other populations.

As the year progressed into late fall, above normal November air temperatures had the
potential to influence egg incubation degree days, and thus hatch timing and emergence,
particularly in the southern portion of the Fraser basin. Early Stuart spawning tributary
temperatures were unusually warm in early November during the egg incubation period.
Warm water temperatures during spawning and egg incubation have direct negative effects
on fertilization success and embryo survival that are population specific (Whitney et al.
2014). Incubation temperature affects swim performance (Burt et al. 2012), and phenology of
hatch (Whitney et al. 2014) and gravel emergence (Macdonald et al. 1998). In-river water
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temperatures are site-specific and were not available for most systems apart from the Early
Stuart.

Record day-of-year flows were observed in the Nadina River in mid-November. Abnormally
high winter flows increase the risk of redd scouring and suspended sediments during
incubation (Thorne and Ames 1987, Montgomery et al. 1996, Newcombe and Jensen 1996,
DeVries 1997).

As winter took hold, overall air temperatures from December to February were approximately
3°C cooler than normal across the basin, except in the upper watershed in January (ECCC,
PCIC).

3.3 JUVENILE FRESHWATER STAGE: SPRING 2017 -
SPRING 2018

From April to June, fry emerge from their spawning gravel and migrate to their rearing lakes.
Here, they feed and grow in the littoral zones — near-shore habitats with good sunlight
penetration. If undisturbed, these areas typically have good planktonic plant growth
supporting the invertebrates that juvenile Sockeye feed on. The level of lake productivity is
generally linked to natural and human-contributed nitrogen and phosphorus nutrient levels.

In 2017, temperatures in March and April continued to be cooler than average, but were
warmer in May (ECCC, PCIC). The timing of the spring freshet was normal, however
discharge was well above median values in early June. Warm spring temperatures and high
discharge aid fry from most populations in making the journey downstream to their rearing
lakes, and can also increase littoral zone habitat in their rearing lakes. The exception to this
may have been the Chilko and Weaver populations that migrate upstream to their rearing
lakes. For these stocks, fry attempting to make the journey during high flows in early June
may have experienced difficulty. However, data on Chilko smolts and Weaver fry did not
indicate any significant issues at this life-stage.

Once the fry arrived in their rearing lakes, summer 2017 (June-August) brought above
normal maximum air temperatures, especially for the southern portion of the Fraser basin.
This may have had a positive effect on fry development — the optimal temperature for
growth increases with increasing food availability (Brett 1971), so that warmer lake
temperatures can increase growth when prey are not limiting (Edmundson and Mazumder
2001). Additionally, the warm fall may have extended the growing season. This warm, dry
weather also brought with it an exceptional summer fire season; the second worst on record
in BC for hectares burned (Wang and Strong 2019). The effect of smoke cover and ash on
primary lake productivity was not assessed, and has unknown influences on fry development
in the lake.

To help assess fry survival in rearing lakes, summer and fall hydroacoustic and trawl surveys
were conducted on Fraser, Francois, Quesnel, Chilliwack, Cultus and Bowron Lakes in 2017.
In Fraser and Francois Lakes, catch of age-0 fry in 2017 was a consistent with the low
estimated parental abundances (Figure 7). Due to mechanical issues, no trawl surveys were
conducted to verify whether these fry were Sockeye or Kokanee. However, genetic
identification from the 2018 survey in Fraser Lake indicated no Kokanee in the catch, and it’s
possible this was also the case in 2017. The 2017 hydroacoustic surveys in Fraser and
Francois Lakes were the first assessments conducted in this system in 20 years. Both Fraser
and Francois Lakes have been identified by Shortreed et al. (1996) as underutilized in terms
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of Sockeye production, though Francois Lake production is thought to be limited by spawning
ground availability.

In Quesnel Lake, the catch of age-0 fry in 2017 was prohibitively low for distinguishing
Kokanee from anadromous Sockeye. Regardless, the estimate was consistent with the
extremely low EFS abundance in 2016 (Figure 8). With no reliable catch of age-0 fish for
genetic testing, researchers assumed most were Kokanee.

In Chilliwack Lake, the summer to fall survival rate was 68% in 2017, as compared with a
58% survival rate recorded over the same period for the last dominant year, in 2013 (2012
brood year). The average number of fry per EFS was also higher in 2017 compared to 2013
(Figure 9), and fry were more than a gram heavier, though of similar length to 2013 fry
(Figure 10).

Cultus Lake summer to fall fry survival could not be calculated, due to the addition of
hatchery Sockeye into the lake for conservation purposes between surveys. However, the
following spring marked the second consecutive year of extremely low outmigration, with
fewer than 6,000 smolts counted migrating through the Cultus fence (spring of 2018; DFO
Stock Assessment). A winter survival rate of only 1.6% was observed from fall fry to
outmigrating smolts in 2018. This was the second lowest year on record (after 2017) for both
total lake outmigrants and wild (unmarked) lake outmigrants.

A number of factors are contributing to poor freshwater survival in Cultus Lake (DFO 2018b,
Putt et al. 2019). This includes human-caused impacts on lake nutrient loads, which are
acting in combination with climate change drivers, as highlighted in a recent publication (Putt
et al. 2019). Additionally, since May 2018, smallmouth bass have been reported in Cultus
Lake. Though a preliminary examination of stomach contents of bass did not show evidence
of predation on juvenile Sockeye, smallmouth bass are known to prey on them in other
systems where they’ve been introduced (e.g. Fritts and Pearsons 2004; Tabor et al. 2007).
This invasive predator likely represents yet another threat to the recovery of Cultus Sockeye.

Additional fry data are available for the 2016 brood year from the Nadina and Weaver
spawning channels. The Nadina River spawning channel had average egg-to-fry survival,
while survival in Weaver Channel was slightly below average (DFO Salmon Enhancement
Program).

As the 2017 autumn gave way to winter and then to spring 2018, overall air temperatures
were below normal, then transited to a very warm May where maximums were 4-5°C above
normal (ECCC, PCIC). Though there is little information on the impact of overall winter air
temperature on over-wintering fry survival, cooler spring temperatures in March and April of
2018 may have limited opportunities for pre-smolt growth for Shuswap and Cultus Sockeye,
populations known to feed in the spring prior to outmigration.

Outmigrating smolts were enumerated at the outlets of Cultus and Chilko Lakes (Cultus
presented above). The smolt outmigration (9.1M) in Chilko Lake was in the lower third of the
historical range. Freshwater survival in Chilko Lake, measured as the number of outmigrating
smolts per EFS, was slightly lower than expected (Figure 11), as was the length of age-1
smolts. Researchers note that the 2018 freshet began a week early at Chilko Lake, whereas
timing of the smolt migration was a few days late. This may have introduced a negative bias
in the estimated smolt abundance due to the premature removal of the counting weir on
account of rising water levels.
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3.4 JUVENILE DOWNSTREAM MIGRATION IN THE FRASER
RIVER: SPRING 2018

The outmigrating smolts of 2018 began their downstream journey in cooler than average
spring air temperatures that transitioned to a very warm May, where maximums were 4-5°C
above normal (ECCC, PCIC). The Fraser River freshet was early, and high, with record high
day-of-year flows in May (Figure 12) enabled by the above normal snowpack in the Fraser
basin heading into spring (Ministry of Environment River Forecast Centre ).

High flow conditions, as observed in May 2018, are associated with reductions in water
clarity, which can positively affect survival during outmigration through reducing predation on
Sockeye smolts (Ginetz and Larkin 1976, Gregory and Levings 1998). However, high
suspended sediments (Martens and Servizi 1993), and other factors associated with high
discharge may negatively influence juvenile salmon.

River temperatures can affect downstream survival by influencing both the optimal
smoltification window (Bassett 2015) and swim performance (Brett 1971). Overall, as most
smolt populations arrived and migrated along the mainstem Fraser River, they were exposed
to near-average water temperatures (ECCC; Figure 13), contributing to neutral conditions in
the Fraser mainstem for most smolts in 2018.

However, outmigrating smolt populations can experience different levels of discharge and
temperatures based on conditions in their individual river systems, and differences in their
migration timing. The effect of river flows on smolt survival in 2018 was, therefore,
considered variable, due to variability in migration timing across populations, some of which
would have migrated during well above average flows. Chilko smolts experienced above
average discharge in the Chilcotin River and near average water temperature during their
outmigration (Figure 14 and Figure 15).

The biological condition of outmigrating salmon smolts can be used as a measure of habitat
quality and overwinter survival, and as a potential predictor of future smolt-adult marine
survival. A connection between juvenile size and marine survival has been previously
documented in Sockeye salmon (West and Larkin 1987), though the connection has not
been made consistently for other species (Bailey 1971, Henderson and Cass 1991,
Freshwater et al. 2017). Previous work on smolt condition has focused on using length and
weight to infer carrying capacity of lake habitats (Hume et al. 1996, Griffiths et al. 2014), and
to create a mechanistic link for trophic relationships (Ballantyne et al. 2003, Ravet et al.
2010). Body lipids, however, may be a better predictor of survival, than body size (Gardiner
and Geddes 1980, Post and Parkinson 2001, Simpkins et al. 2003, Biro et al. 2004). Lipid
content can be used to infer early marine survival, based on the connection between energy
status and time to starvation (Naesje et al. 2006), as well as more indirect associations. For
example, energy status is linked to immune response (Martin et al. 2010), which can affect
infection status which in turn has been connected with downstream survival (Jeffries et al.
2014) and predation risk (Miller et al. 2014) in Sockeye salmon smolts. Predator risk can also
change as a function of lipid content through changes in swim performance (Litz et al. 2017;
S. Wilson SFU pers. comm.).

Smolts were sampled for size and lipid content at the outlets of Chilko, Seton, and Cultus
Lakes. Both Chilko and Cultus smolts had lower than expected lipids. Over 50% of sampled
Chilko smolts were below the presumed 2% lipid threshold value, and had lower than
expected lipids, based on the brood year EFS abundance. Chilko smolt body sizes,
estimated at the outlet of Chilko Lake, were also below the 70 year average, and slightly
below expectations based on brood year EFS numbers (Figure 16). The weight to length
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ratio of Chilko smolts was lower than expected, and an unexpectedly high proportion of
juveniles remained in the lake for a second winter, delaying their seaward migration until
spring 2019.

Conversely, as was the case in 2017, smolts from Seton Lake had high lipid values and large
average body size compared to other populations in the Fraser. Researchers note that it is
difficult to interpret the combined effect of environmental and biological conditions on
population-level survival, and that sample sizes were small for some stocks.

At Mission, 2018 smolt lengths varied by stock, with Anderson-Seton being the largest and
Chilko the smallest (Tadey 2020). In terms of smolt outmigration timing, fifty percent of
outmigrating Chilko smolts passed Mission in the Lower Fraser River by May 7" (Tadey
2020). Though similar in timing to the previous year, this was later than the average recorded
for the years 2012 — 2016 (since 2012, dates have ranged from April 23 to May 7).

3.5 JUVENILE MARINE STAGE: SPRING 2018 — PRESENT

Most Fraser Sockeye returning in 2020 entered the ocean in spring 2018, and will remain in
the Northeast Pacific Ocean until summer 2020, when they will return to their spawning
grounds. The marine heatwave (“The Blob”) that was present in Northeast Pacific sea
surface temperatures (SST’s) from 2013-2016, and moved to depth in 2017, had dissipated
by the time the 2020 Fraser Sockeye cohort entered into the marine environment (Figure 17).
However, the effects of this heatwave on lower trophic levels remain (Boldt et al. 2019), and
new marine heatwaves were observed in fall 2018, and again in 2019 (Boldt et al. 2019,
Hannah et al. 2019).

The 2020 Fraser Sockeye cohort entered the Strait of Georgia in the spring of 2018, where
they reared for four to six weeks. Despite the continued global warming trend, and recent
marine heatwaves in the Northeast Pacific, juveniles entered into near normal conditions in
the SoG with regards to water temperatures, salinity (Figure 20), and phytoplankton
abundance. Water temperatures in the SoG were cool, likely associated with a La Nifia event
that was in place for the first half of the year (Ross and Robert 2019). Salinity conditions
were also near normal.

Winter stratification off the West Coast of Vancouver Island was stronger in 2017/18 than
2016/17, indicating a potential for weaker mixing of the water column and reduced nutrient
supply from deep waters to surface waters (Ross and Robert 2019). Given the presence of a
marine heatwave in the fall of 2018, it is likely that 2018/19 also had weaker than normal
winter mixing (Ross and Robert 2019). The upwelling of nutrient rich water off the WCVI is an
indicator of marine coastal productivity across trophic levels, from plankton to fish to birds. In
2018, the timing and magnitude of upwelling showed mixed conditions for productivity and
fish growth — the intensity of the upwelling in 2018 was weak, associated with low
productivity, however the timing of the transition to upwelling was early, associated with high
productivity (Figure 18, Hourston and Thomson, 2019).

The timing and duration of the spring phytoplankton bloom in the Strait of Georgia was
consistent with average conditions over the past 20 years (Costa 2019, Allen et al. 2019).
Phytoplankton are the base of the food web in this ecosystem, and a factor in the well-being
of organisms at higher trophic levels. Zooplankton feed on phytoplankton, therefore their
production is linked. Zooplankton are a key component of Fraser Sockeye diets during their
juvenile marine residence. SoG zooplankton biomass in 2018 was near the long-term
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average, with peaks in May and June for the North and Central areas, respectively (Young et
al. 2019). Surveys measuring abundance anomalies were positive for some common fish
foods, including hyperiid amphipods, but closer to the long-term mean for decapods and
euphausiids (Figure 22, Young et al. 2019). Small copepods (such as Pseudocalanus spp.
and cyclopoid-type copepods) were very abundant but they contributed little to the overall
biomass. Large copepods are known to be lipid-rich and more favourable for fish growth. Of
those sampled, Eucalanus bungii made up the majority of the large copepod biomass in the
Strait of Georgia during the spring, representing a change from the typical spring dominant
large copepod, Neocalanus plumchrus (Young et al. 2019).

Of note, after a three-year absence from the Strait of Georgia, harmful algal blooms occurred
in early June both in the SoG and on the WCVI. The harmful algal bloom in the SoG resulted
in high aquaculture fish mortality in Jervis Inlet (Esenkulova and Pearsall 2019, Haigh and
Johnson 2019, Nemcek et al. 2019). This bloom was linked to the early and high Fraser
River freshet and hot weather in May-June (Esenkulova and Pearsall 2019, Haigh and
Johnson 2019, Nemcek et al. 2019). This can have implications for wild migrating fish,
though monitoring this is a challenge.

Juvenile salmon survey catches in the SoG were average or better than average across
species (Neville 2019). The catch per unit effort (CPUE) for Sockeye was average, but higher
than the previous four years on this cycle. Juveniles were of average condition, and above
average in length.

In Queen Charlotte Strait and Southern Queen Charlotte Sound, the CPUE for Sockeye was
above the long-term average for non-dominant (excludes dominant Late Shuswap years)
cycle years between 1998 and 2018 (Figure 23). Though the overall condition across all
stocks was average (Figure 24), compared to within-stock averages the condition of Chilko
juveniles was above average, Nadina was average and Birkenhead was below average
(Figure 25).

During fall of 2018, La Nifia conditions in the Northeast Pacific began to dissipate, and a
weak El Nifio took its place (Ross and Robert 2019). This was accompanied by delayed and
reduced winter cooling, and subsequent marine heat waves were observed in the Gulf of
Alaska. The magnitude of temperature anomalies in the fall of 2018 (with respect to the
1971-2000 baseline) in the Gulf of Alaska was 2-3°C above the average. As the year
progressed, warmer than normal temperatures were recorded at all depths.

Phytoplankton biomass and community composition off the WCVI were generally within the
range of past values. The exception was an unusual increase in biomass, and the relative
abundance of diatoms, at most sampling stations along Line P, which extends from the
WCVI into the Northeast Pacific (Pefia and Nemcek 2019). Conversely, zooplankton
distribution off the WCVI still reflected the effects of the 2014-2016 marine heat wave (Figure
19, Galbraith and Young 2019, Fisher et al. 2020). Zooplankton communities were high in
southern gelatinous taxa, with high water content and low nutritional value, such as
hydromedusae, salps, doliolids, and ctenophores. Conversely, they were low in northern
occurring crustaceans, with high protein and lipid content, such as copepods, euphausiids,
amphipods, decapods (Galbraith and Young 2019). This community composition indicates
poorer feeding quality for salmon.
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3.6 PROPORTIONS

Proportions of five key stocks returning in 2020 were compared across programs
representing the life stages for which we have information on relative abundances: EFS in
2016; and migrating juveniles at Mission, the SoG, the Discovery Islands, and Queen
Charlotte Strait/Southern Queen Charlotte Sound in 2018 (Figure 26). Forecasted four year
old returns in 2020 are also included in this comparison, using the 50% probability forecasts
provided by DFO Fraser Stock Assessment (M. Hawkshaw DFO Stock Assessment pers.
comm.). Relative abundances were compared for Chilko, Chilliwack, Nadina, Stellako, and
Birkenhead, as these stocks had sufficient abundances to be evaluated across programs.

Chilko dominated the relative abundances sampled in most programs, representing ~45-60%
of the five dominant stocks sampled in each (Figure 26). Chilko smolts, however, were
observed in a lower proportion in the Mission juvenile survey, representing ~30% of the
relative abundance. Interestingly, Chilliwack presented the opposite pattern. Chilliwack was
“over-represented” in the Mission surveys, making up ~55% of the relative abundance, but
only accounted for ~20% of the 2016 EFS, and ~10% of the four-year old 2020 forecast and
juveniles surveyed in the SoG and Discovery Islands. Further, Chilliwack Sockeye were not
captured in the Queen Charlotte Strait/Southern Queen Charlotte Sound surveys.

The pattern of over-representation of Chilliwack in the Mission surveys was encountered
previously, on the same cycle line, in the 2016 Science Integration process (DFO 2016b).
Juvenile samples at Mission have not been corrected for the differences in discharge that
occur throughout the assessment period, and are likely biased, as discharge increases
throughout the sampling period, and stocks demonstrate different outmigration timing.
Notably, Chilliwack migrated earlier than Chilko in both 2014 and 2018, and Fraser River
discharge peaked high and early in both of these years. Bias in the Chilliwack catch may also
be caused by the location of the sampling program, which is just downstream of where
Chilliwack Sockeye enter the Fraser River. Chilliwack returns in 2016 were more closely
aligned with their relative proportion in the 2012 EFS than in the 2014 smolt samples at
Mission, though they did return in a higher proportion than forecast, relative to the other key
stocks.

Nadina showed variable proportions across the sampling programs, with a very low
proportion caught at Mission (~2%) relative to EFS (10%), and a very high proportion caught
in the Queen Charlotte Strait/Southern Queen Charlotte Sound program (40%) caught in two
tows. Stellako and Birkenhead had somewhat more consistent proportions across programs,
though Stellako was also not caught in the Queen Charlotte Strait/Southern Queen Charlotte
Sound samples.
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4 DETAILED OBSERVATIONS FROM FRASER
SOCKEYE LIFE STAGES

4.1 BROOD YEAR SPAWNERS AND EGG STAGE

Upstream Migration and Spawning: Summer/Fall 2016

e Overall, summer air temperatures (June-August) in the Fraser basin were above normal
(climatology from 1971-2000) in 2016: maximum air temperatures were above normal in
June and August and below normal in July (Environment and Climate Change Canada
(ECCCQC), Pacific Climate Impacts Consortium (PCIC)).
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Summer precipitation was varied throughout the Fraser basin in 2016; notably, July
precipitation was approximately 50-125% above normal (climatology from 1971-2000)
throughout most of the watershed (ECCC, PCIC).

Lower Fraser River water temperatures were predominately above average during adult
Sockeye salmon migration, and notably above 19°C for mid-July to late-August when
Sockeye from the Summer and Late run-timing groups are present (Figure 4).

Discharge in the lower Fraser River during adult Sockeye salmon migration was below
the 108-year median (Figure 5).

Water temperatures in the Nechako River — a migratory corridor for Early Stuart and
some Early Summer and Summer run-timing populations — were above 20°C during
portions of the migration windows for these populations.

Exposure to water temperatures >19°C during upstream migration has been associated
with impaired reproductive development and reduced gamete viability (Macdonald et al.
2000).

Parental experience during upstream migration can have intergenerational effects on
offspring survival and phenotype. For example, high maternal stress can affect offspring
swim performance and predator avoidance behaviour (Tierney et al. 2009, Sopinka et al.
2014).

Overall, fall (September-November) air temperature anomalies in the Fraser basin varied
by month: September and October were cooler than normal, whereas November was
very warm, with air temperature anomalies at least 4-5°C above normal (ECCC, PCIC).

Spawner Surveys

The number of Fraser Sockeye that returned to the spawning grounds in

2016, ~487,000, was half the cycle average of ~944,000. Escapements to the majority of
the numerically dominant CUs in 2016 were below cycle line averages. Exceptions
include the Pitt-ES and Nadina-Francois-ES CUs, which had escapements that were
similar to cycle line averages.

Four CUs comprised the majority (70%) of the 2016 aggregate Fraser Sockeye
escapement (Chilko-S-ES, Harrison-River, Pitt-ES, and Chilliwack-ES). High precision
methods were used to enumerate 78% of the aggregate Fraser escapement.

Sex ratios were close to 50:50 for most CUs; exceptions included Nadina-Francois-ES
(63% females), Chilliwack-ES (57% females), North Barriere-ES (60% females), and
Harrison (U/S)-L (Weaver) (38% females).

Spawning success for the Fraser Sockeye aggregate was average in 2016 (90%), but
there was high variability across populations, and a number of CUs had below-
average success.

Timing of Sockeye arrival on the spawning grounds, and peak spawning, were well
within normal ranges for most Fraser populations in 2016. Exceptions included the Takla-
Trembleur-Early Stuart CU, which had a somewhat protracted spawning period, and the
Lillooet-Harrison-L CU, which arrived and spawned earlier than normal.

Sockeye were generally in good condition upon arrival on the spawning grounds with little
sign of migration stress, with exceptions. Elevated levels of pre-spawn mortality were
observed in early arrivals at the Takla-Trembleur-Early Stuart and Raft River (Kamloops-
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ES) spawning areas, and there was evidence of migratory difficulties
(e.g., wounds) in early arrivals at the Chilko-S-ES and Francois-Fraser-S spawning
areas.

Water temperatures and streamflows in the terminal spawning areas were generally
within normal ranges in 2016, with some exceptions. High flow conditions occurred in the
Lillooet-Harrison, North and South Thompson, and Quesnel systems in September. This
may have contributed to negatively biased escapement estimates for the Kamloops-ES
and Shuswap-ES CUs. Additionally, a debris flow event occurred in Portage Creek in
November 2016 at the tail-end of the Sockeye spawning period. This possibly

impacted egg-fry survival, but did not affect the escapement estimate, which was derived
from a visual live count during the peak spawning period.

Biological Condition of Spawners and Gametes

The physiological condition of Sockeye salmon captured from Harrison River (n=20),
Gates Creek (n=20), Upper Chilliwack River (n=18) and Chilko River (n=20) spawning
areas were assessed in 2016. Harrison and Gates fish were fresh arrivals to the
spawning grounds, and Chilliwack and Chilko were active spawning fish. Plasma ion and
metabolite values from the fresh arrival Harrison and Gates Sockeye indicated that they
were in good condition, with chloride levels (mean + SD; Harrison 140 + 7 mmol/L; Gates
134 + 6 mmol/L) and glucose levels (Harrison 4.9 + 1.2 mmol/L; Gates 5.5 + 1.0 mmol/L;
(Shrimpton et al. 2005) within normal ranges. Levels of ions and metabolites in active
spawners from Chilko and Chilliwack were consistent with senescence and healthy active
spawning (Chilko: chloride 125 + 20 mmol/L, glucose 8.8 + 4.9 mmol/L; Chilliwack:
chloride 125 + 9 mmol/L, glucose 5.2 + 1.9 mmol/L; see Figure 6).

Fertilization success to 4-cell stage was assessed in the field for 12 females and 12
males randomly caught in Chilko River; a minimum of 3 unique pairings were completed
for each individual. Fertilization success was high, >89%, for all females, with the
exception of a single female. Maximum fertilization success for all males was over 94%.
These values are considered high in comparison to previous work (Whitney et al. 2013;
Sopinka et al. 2016).

Physiological condition and fertilization success results were based on a limited sample
size and populations. This should be considered when interpreting these snapshots in
time and space for population-level effects.

Quantifying the effect and uncertainty of the parental experience on future recruitment is
challenging.
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Fraser River Temperature at Qualark
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Figure 4. Lower Fraser River water temperature at Qualark during adult Sockeye salmon spawning
migration for the 2020 returning cohort’s spawning parents in 2016 (blue line), relative to 2015 (green
dashed line), 2017 (orange dashed line), median (black line), and plus or minus one standard
deviation (black dashed line). Each run-timing group block depicts the medial 95% of migrants
estimated to have passed the Mission hydroacoustic site in 2016; the associated dotted grey lines
depict the 50% migration date for each group. Data sources for this figure include the DFO
Environmental Watch Program and the Pacific Salmon Commission
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Fraser River Discharge at Hope
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Figure 5. Lower Fraser River discharge at Hope during adult Sockeye salmon spawning migration for
the 2020 returning cohort’s spawning parents in 2016 (blue line), relative to 2015 (green dashed line),
2017 (orange dashed line), median (black line), and 20 year low return period (black dashed line). The
20-year low return period is based on day-of-the-year values, and represents a one in 20 year event.
Each run-timing group block depicts the medial 95% of migrants estimated to have passed the Mission
hydroacoustic site in 2016; the associated dotted grey lines depict the 50% migration date for each
group. Data sources for this figure include the ECCC Water Survey of Canada and the Pacific Salmon
Commission.
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2016 Spawner Physiology
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Figure 6. Plasma chloride (blue filled bars) and glucose (white filled bars) results for Sockeye salmon
arriving at Harrison River and Gates Creek, as well as spawning Sockeye salmon from Upper
Chilliwack River and Chilko River in 2016. The values are within normal ranges expected for healthy
arrivals and spawners (Patterson et al. 2004, Shrimpton et al. 2005, Hruska et al. 2010, Jeffries et al.
2011). The data for this figure was provided by the DFO Environmental Watch Program.

Overwinter Incubation: Winter 2016

¢ As mentioned above, overall fall air temperature anomalies varied in the Fraser basin:
maximum air temperatures in September and October were below normal, whereas
maximum and minimum air temperatures in November were well above normal (PCIC),
with the potential to influence incubation degree days and thus hatch timing and
emergence, particularly in the southern portion of the basin.

e Overall winter (December-February) air temperature anomalies were approximately 3°C
cooler than normal across the Fraser basin, the exception being warmer than normal
anomalies observed in the upper watershed in January (ECCC, PCIC).

e Environmental conditions are not assessed by stock assessment field crews in spawning
areas after the escapement enumeration projects have ended. Environmental events that
occur between the end of the spawning period and the following spring that could affect
egg-to-fry survival are not recorded for the majority of systems.

e High water temperatures during spawning and incubation have direct negative effects on
fertilization success and embryo survival that are population specific (Whitney et al.
2014). Incubation temperature affects swim performance (Burt et al. 2012) and
phenology of hatch (Whitney et al. 2014) and emergence (Macdonald et al. 1998). Low
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water levels can cause dewatering and, in combination with very cold air temperatures,
intergravel freezing and embryo mortality (Cope and Macdonald 1998). Conversely, high
flows can scour eggs from the incubation environment and increase suspended sediment
concentrations, reducing embryo survival (Thorne and Ames 1987, Montgomery et al.
1996, Newcombe and Jensen 1996, DeVries 1997).

Day-of-year record flows were observed in the Nadina River in mid-November.
Abnormally high winter flows increase the risk of redd scouring and suspended
sediments during incubation.

Early Stuart spawning tributaries were unusually warm in early November, during the
incubation period. Warm temperatures can have negative effects on fertilization success
and early embryo survival for temperature sensitive streams within this watershed (e.g.
Frypan Creek; Braun et al. 2015), as well as influence the timing of fry outmigration
(Macdonald et al. 1998).

Nadina River spawning channel had average egg-to-fry survival (2016 brood year
survival: 27%; 12-year average survival: 30%); Weaver Creek spawning channel had
slightly below average egg-to-fry survival (2016 brood year survival: 38%; 12-year
average survival: 47%; DFO Salmon Enhancement Program).
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4.2 JUVENILE FRESHWATER STAGE

Emergence and Migration to Rearing Lakes: Spring 2017

e Spring (March-May) air temperatures in the Fraser basin were varied: maximum air
temperatures were cooler than normal for March and April, and warmer than normal for
May (ECCC, PCIC).

e Timing of the Fraser River freshet was normal, with discharge well above the median for
early June (ECCC).

e Downstream migration timing of emergent fry is dependent on incubation temperatures
as well as proximate cues from water temperature and discharge (Macdonald et al.
1998). Population variation in mean fry migration timing has been associated with food
availability in rearing lakes (Brannon 1987).
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Lake Rearing: Summer - Fall 2017

e Overall, summer (June-August) maximum air temperatures were above normal,
especially for the southern portion of the basin. Fall (September-November) air
temperature anomalies were varied: notably, September was very warm throughout the
basin (ECCC, PCIC).

e Water temperature in the lower Fraser River was predominately above average
throughout the summer of 2017, with temperatures 2—-3°C above average for early
September (DEO Environmental Watch website).

o Typically, fry transit to feed and grow from April to June in lake littoral zones, where
habitat availability is related to water levels (Williams et al. 1989, Morton and Williams
1990).

¢ Warm spring conditions are connected to high water levels during fry migration,
potentially increasing littoral zone habitat availability.

e The length of the growing season is temperature-dependent (Schindler et al. 2005), and
was likely long for many Fraser Sockeye populations in 2017.

¢ Juvenile Sockeye growth is temperature- and ration-dependent. The optimal temperature
for growth increases with increasing food availability (Brett 1971), so that warmer lake
temperatures can increase growth when prey are not limiting (Edmundson and
Mazumder 2001).

e The benefits of the long growing season or expanded littoral zone habitat assume that
habitat is not limited by a density-dependent response. Ultimately, there are both density-
dependent and density-independent relationships with survival during the fry rearing
stage (Ricker 1954).

Bowron Lake

e Prior to 2017, The last, and only previous acoustic survey in Bowron Lake took place in
2004. The lake was surveyed on 18 September, 2017, and an estimate
of 70,631 £ 62,480 (95% ClI) juvenile Sockeye was produced. A large abundance of
Kokanee was also observed (423,758 + 240,833). The high variability in the Sockeye
estimate was largely owing to the fact that we only caught juvenile O. nerka that were
genetically identified as Sockeye in the northwest section of the lake.

e Curiously, the abundance of Sockeye fry in Bowron Lake yielded a ratio of 981 fall fry
per effective female spawner, based on observations of 72 EFS in 2016. This is
unusually high, and may indicate either an overestimate of juvenile Sockeye, or an
underestimate of EFS. The lake was surveyed again in 2018 and in 2019, and while final
numbers for 2019 have not been produced as of the time of this report, there was an
abnormally high ratio observed in 2018 as well (1,863 fall fry/EFS).

Fraser Lake

e Fraser Lake was surveyed on 14 October, 2017. This was the first acoustic survey
conducted on this lake since 1997. A total of 3,120,024 + 404,166 juvenile O. nerka (i.e.
Sockeye + Kokanee) were estimated for the lake. Due to a mechanical failure, the trawl
net could not be deployed, and thus there was no species composition estimate to apply
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to the acoustic abundance estimate. Notably, all O. nerka genetically sampled from a
trawl conducted on Fraser lake in 2018 were identified as Sockeye. This may suggest
that there are relatively few Kokanee in Fraser Lake, and that the 2017 estimate could
be fairly representative of the juvenile Sockeye population at that time. Given an
estimated 15,775 EFS in 2016 (Stellako), there was up to 198 fall fry per EFS.

e Fraser Lake is a highly productive lake, that has historically been considered to
be underutilized in terms of Sockeye production. Shortreed et al. (1996) found that Fraser
Lake had the highest productivity in the Fraser watershed in terms of photosynthetic rate
(332 mg C/m2/day), with excellent rearing habitat, that could support a maximum smolt
production of 27 million. Historic acoustic surveys for this lake have typically shown much
lower output, though a high fry abundance was observed for the 1988 brood year (Figure
7).

Francois Lake

e Francois Lake was surveyed from the 15th to the 16th of October, 2017. This was the
first acoustic survey of the lake since 1992. As with Fraser Lake, mechanical failure
prevented use of the trawl, and thus a O. nerka survey was conducted. A total of
5,648,608 + 1,415,957 age-0 sized O. nerka was estimated for the lake. Historic surveys
of Francois Lake conducted by DFO have not distinguished between Sockeye and
Kokanee juveniles, and thus there is no previous data available to give an indication of
Kokanee to Sockeye ratios in this lake. Densities of fish tended to be higher in the
eastern half of the lake, ranging from 277 fish/ha to 284 fish/ha. Western sections of the
lake saw densities ranging from 132 fish/ha to 211 fish/ha.

e Shortreed et al. (1996) also identified Francois Lake as an underutilized rearing lake,
though the system was thought to be limited by spawning ground availability. The
photosynthetic rate in Francois Lake (163 mg C/m2/day) was likened to that of Shuswap
at the time (171 mg C/m2/day). Maximum smolt production was estimated at 72 million
fish.
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Figure 7. Fall fry plotted against EFS for all historic acoustic surveys of Fraser Lake. The red dot
indicates data from the 2016 brood year.
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Quesnel Lake

EFS returns to Quesnel in 2016 were very low, with only 213 fish counted primarily in the
Mitchell and Horsefly rivers (DFO Stock Assessment data). With so few spawners for the
system, it was anticipated to be a challenge to collect enough juvenile O. nerka to
develop reliable estimates of Kokanee and Sockeye. Despite the low numbers, a

survey was conducted on Quesnel Lake between the 15th and 17th of September 2017,
with the primary objective of collecting additional samples for metal contaminants
analysis following on the 2014 Mount Polley mine tailings pond spill.

As anticipated, the catch of age-0 O. nerka was prohibitively low for parsing out Kokanee,
and thus an estimate of 2,774,397 + 1,115,560 (95% CI) juvenile O. nerka was made for
the entirety of the lake. Historic fall fry per spawner is plotted in Figure 8, though it should
be noted that several of the data points corresponding to low EFS are mixed Kokanee
and Sockeye fry. Densities were fairly consistent across all arms of the lake, ranging from
a low of 82 fish/ha in the southern portion of the North Arm to 178 fish/ha in the eastern
part of the East Arm.
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Figure 8. Historic acoustic fall fry estimates from most years between 1976 and 2017 are plotted
against corresponding brood year EFS for Quesnel Lake. The red dot indicates data from the 2016
brood year. Although not noted here, the data points to the far left of the plot are likely to have a
substantial influence by resident Kokanee juveniles.

Chilliwack Lake

Summer and fall acoustic/trawl surveys were conducted on Chilliwack Lake in

2017 following on the dominant cycle line return in 2016. On August 19, an estimate of
1,697,069 + 682,798 (95% ClI) juvenile age-0 Sockeye was made, which yielded a lake-
wide density of 1,429 fish/ha. The fall survey on November 1 reported a total of
1,156,882 + 228,873 Sockeye; for a lake-wide density of 974 fish/ha. From summer to
fall, a survival rate of 68% was thus observed. Using the DFO Stock Assessment EFS of
30,138 for the 2016 brood year, fry per effective female spawner estimates for summer
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and fall were 56.3 and 38.4 respectively. The fall fry/EFS is plotted in the context of
historic survey data in Figure 9.
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Figure 9. Fall fry plotted against EFS for all historic acoustic surveys of Chilliwack Lake. Blue dots

represent true Sockeye estimates, while orange squares represent surveys in which Kokanee were
not excluded from the estimate (i.e. O. nerka surveys). The 2016 brood year data point is identified
(BY 2016).

¢ Relative to the previous dominant Chilliwack cycle line return, EFS in 2016 was 38% of
the observed return in 2012, but the 2016 fall fry estimate was 64% of that from 2012,
demonstrating higher fry/spawner rates. Summer to fall fry survival was also higher in
2016 than in 2012 for a similar in lake period (68% vs. 58%). As well, fry caught in the
lake in 2017 were more than a gram heavier than those from the same time of year in
2013 (Figure 10). So while numbers were down from the last dominant cycle, higher in-
lake survival and greater growth were observed as positive trends for the 2016 brood
year Chilliwack fry.
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Figure 10. Comparison of mean length (blue bars) and weight (red bars) of Chilliwack fall fry sampled
from the last two dominant cycle line years. Fry in 2013 were collected on October 22, and in 2017 on
November 1. Though similar in length, fry in 2017 were a gram heavier.

Cultus Lake

Cultus lake was surveyed in the summer (17 July) and fall (15 November) of 2017. The
summer estimate was conducted prior to any hatchery reared Sockeye inputs to the lake,
and an estimate of 270,870 = 60,216 juvenile Sockeye was obtained. In fall, a population
of 377,808 * 63,804 fry was estimated following on releases of hatchery fry totaling
297,201 fish (DFO Salmonid Enhancement Program). Kokanee were also present in the
catch in summer (31%) and fall (16%), though not to the same relative extent as
observed in 2016 (86%).

A recent publication highlights the high human-caused nutrient loads to the lake and
increased lake temperatures caused by climate change, as contributors of poor lake
survival from the egg to smolt stages (DFO 2018b; Putt et al. 2019).

Smallmouth Bass (Micropterus dolomieu) were first reported in Cultus Lake in May of
2018. Since then, snorkel surveys conducted in the spring of 2019 confirmed multiple
size classes and active spawning adults. Bass were primarily found near the outlet

of Cultus Lake as well as Sweltzer Creek, just upstream of the smolt counting fence.
While preliminary examinations of stomach contents did not show evidence of predation
on juvenile Sockeye, Smallmouth Bass are known to prey on juvenile salmon in

other systems in which they have been introduced (e.g. Fritts and Pearsons 2004; Tabor
et al. 2007). This invasive predator likely represents yet another threat to the recovery

of Cultus Sockeye.
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Overwinter in Lakes: Fall 2017 — Spring 2018

o During the fry overwintering period, winter (December-February) and spring (March-May)
air temperatures were varied in the Fraser basin; notably, March and April air
temperatures were below normal and May air temperatures were very warm, with
maximums 4-5°C above normal (ECCC, PCIC).

e There is limited information on the impact of overall winter air temperature on overwinter
fry survival.

¢ Below normal air temperatures in March and April of 2018 may have limited the
opportunity for pre-smolt growth for Shuswap and Cultus populations — two populations
known to feed in the spring prior to outmigration.

Chilko Lake

e The total smolt outmigration from Chilko Lake in 2018 was 9.1 million. This was the
smallest outmigration observed since 1987. Age-1 smolts comprised 95% (8.6 million) of
the 2018 smolt outmigration.

e There were 131 age-1 smolts produced in 2018 per EFS from the 2016 brood. This was
slightly lower than the expected value of 135 smolts/EFS, based on
the inverse loglinear relationship between freshwater productivity and brood EFS (Figure
11). Freshwater productivity for the 2018 age-1 smolt population was one
of only two negative residuals in this relationship over the last 12 years (red dots).
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Figure 11. Freshwater productivity of juvenile Sockeye in Chilko Lake (number of age-1 smolts
produced per EFS) by brood year abundance (EFS). The blue filled circles are pre-2006 smolt years,
and the blue filled circles are the 2006 to 2018 smolt years. The blue solid line indicates

predicted freshwater productivity based on the inverse log-linear regression relationship between the
two variables.
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Cultus Lake

A total of 5,891 smolts naturally outmigrated from Cultus Lake in 2018, of which 3,166
were marked, indicating they were of hatchery origin and released in the lake as fry. This
was the second lowest abundance on record for both total lake outmigrants and
unmarked (‘wild’) outmigrants. An additional 53,566 hatchery smolts were released below
the counting weir in Sweltzer Creek. Based on the 5,891 smolts that were counted
through the fence in the spring of 2018 (5,887; DFO Stock Assessment), the overwinter
survival rate from fall fry to outmigrating smolts was only 1.6%.
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4.3 JUVENILE DOWNSTREAM MIGRATION

Migration at Lake Outlets: Spring 2018

Snowpack in the Fraser basin was above normal leading into spring 2018 (Ministry of
Environment River Forecast Centre).

As mentioned in previous sections, winter and early spring air temperatures in the Fraser
basin were generally cooler than normal, with January and May being the exceptions.
May was warm, with maximum air temperatures 4-5°C above normal (ECCC, PCIC).

Early peak Fraser River freshet was observed: record high day-of-year flows were
recorded in May 2018 (Figure 12).

Fraser Sockeye populations experience different discharge exposure in the Fraser basin
due to differences in the timing of median outmigration and flow regime.
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Water temperatures in the mainstem Fraser River were near average during outmigration
(ECCC,; Figure 13).

We have assumed any large anomaly in environmental conditions has a higher risk of
being negative given the potential lack of adaptation of fish to more extreme or
uncommon conditions (e.g. Burgner 1991). This is in part because of limited information
on population-level effects of adverse migration conditions on smolt survival.

There can be large interannual variation in downstream smolt survival (Clark et al. 2016)
and some of the potential discharge-related factors regulating this response include
changes in predation risk with water clarity (Gregory and Levings 1998), decreases in
predation with increases in water velocity (Ginetz and Larkin 1976), and negative
influences on juvenile salmon caused by high suspended sediments associated with high
discharge (Martens and Servizi 1993). Temperature can also affect downstream survival
by influencing both the optimal smoltification window (Bassett 2015) and swim
performance (Brett 1971).

High flow conditions and associated reductions in water clarity during outmigration likely
have a positive effect by reducing predation.

Chilko smolts experienced above average discharge in the Chilcotin River and near
average water temperature during their outmigration in 2018 (Figure 14; Figure 15).

In 2018, the start of the spring freshet was about 1 week earlier than average (Figure
14). The smolt weir at Chilko was removed on May 12 due to high water, which is one of
the earliest removal dates in the last three decades (1986-2017).

The Chilko smolt 50% outmigration date in 2018, defined as the date when 50% of the
run had moved through the counting fence at the outlet of Chilko Lake, was May 5, which
was four days later than the long-term average 50% migration date (May 1). In 2018, the
daily smolt passage estimate was < 1% for the last two days of weir operation,
suggesting the smolt migration may have been largely complete by May 12. However, the
three previous days each accounted for about 7% of the run, and the smolt migration

was slightly late in 2018, so it is possible that the smolt outmigrant estimate for Chilko is
biased low.

The Cultus smolt 50% outmigration date in 2018 (April 26) was similar to the long-term
average (April 24th).
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Fraser River Discharge at Hope
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Figure 12. Lower Fraser River discharge at Hope during Sockeye salmon smolt outmigration in 2018
(blue line), relative to 2017 (green dashed line), the median (black line), and 10 year high return period
(black dashed line). The 10-year high return period is based on day-of-year values, and represents a
one in 10 year event. Data sources for this figure include the DFO Environmental Watch Program and
the ECCC Water Survey of Canada.
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Figure 13. Lower Fraser River water temperature at Qualark during Sockeye salmon smolt
outmigration in 2018 (blue line), relative to 2017 (green dashed line), the median (black line), and one
standard deviation above the median (black dashed line). Data sources for this figure include the DFO
Environmental Watch Program and the ECCC Water Survey of Canada.
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Chilko Smolt Migration and Chilko/Chilcotin River Discharge
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Figure 14. Chilko River (blue line) and Chilcotin River (orange line) discharge during the 2018 Chilko
Sockeye salmon smolt outmigration (green polygon). Median Chilko and Chilcotin River discharge
(black lines) and the 10-year high return period (black dashed line), based on day-of-year values, are
shown for reference, as is the average smolt migration (dark blue polygon). Data sources for this
figure include DFO Stock Assessment and the ECCC Water Survey of Canada.
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Figure 15. Chilko River (blue line) and Chilcotin River (orange line) temperatures during the 2018
Chilko Sockeye salmon smolt outmigration (green polygon). Chilko and Chilcotin River average
temperatures (black lines) and average plus one standard deviation (blue and orange dashed lines)
are presented. Average smolt migration is shown (dark blue polygon). Data sources include the DFO
Environmental Watch Program, DFO Stock Assessment, and the ECCC Water Survey of Canada.
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Age-1 smolt mean length (mm)

Smolt Condition

The mean fork length of age1 smolts outmigrating from Chilko Lake in 2018 was 83 mm,
which is 2 mm smaller than expected (85 mm) based on the linear relationship between

annual mean smolt length and EFS abundance (Figure 16). Conversely, since 2006, the
mean length of age-1 smolts has been larger than expected in the majority of years. This
provides further evidence that Sockeye smolts in Chilko Lake during the winter/spring of
2017-18 experienced somewhat less favorable conditions than those generally occurring
in recent years.
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Figure 16. Mean fork length (mm) of age-1 smolts versus brood year abundance (EFS). The blue filled
circles are pre-2006 smolt years, and the blue filled circles are the 2006 to 2018 smolt years. The blue
solid line indicates predicted smolt length based on the regression relationship between EFS and
average annual fork length.

The biological condition of salmon smolts can be used as both an integrated measure of
habitat quality and fry over-winter survival, as well as a potential predictor of future smolt-
adult marine survival. Previous work on smolt condition has focused on using length and
weight to infer carrying capacity of lake habitats (Hume et al. 1996, Griffiths et al. 2014),
and to create a mechanistic link for trophic relationships (Ballantyne et al. 2003, Ravet et
al. 2010). However, body lipids may be a better predictor of survival, due to starvation,
than body size (Gardiner and Geddes 1980, Post and Parkinson 2001, Simpkins et al.
2003, Biro et al. 2004). Lipid content can be used to infer early marine survival, based on
the connection between energy status and time to starvation (Naesje et al. 2006), as well
as more indirect associations. For example, energy status is linked to immune response
(Martin et al. 2010), which can affect infection status which in turn has been connected
with downstream survival (Jeffries et al. 2014) and predation risk (Miller et al. 2014) in
Sockeye salmon smolts. Predator risk can also change as a function of lipid content
through changes in swim performance (Litz et al. 2017; S. Wilson SFU pers. comm.).

47



It is nearly impossible to observe dead fish in large river systems (Patterson et al. 2007),
therefore, survival is inferred from a relationship between sub-optimal fish condition and
performance. The assumption is that most fish die from predation.

Smolt energy status can also be linked to migration timing (Westley et al. 2008), which in
turn will determine the environmental conditions that fish are exposed to.

Chilko smolts had low lipid levels for the 2016 brood year, lower than expected based on
brood size. Over 50% of the sampled smolts (n=68) were below the presumed 2% lipid
threshold value (Gardiner and Geddes 1980).

Cultus smolts had lower lipid values (~3%, n=20) than in recent years.

Smolts from Seton Lake had high lipid values (~6%, n=30) and large body size compared
to other populations in the Fraser.

Note that it is difficult to interpret the combined effect of environmental and biological
conditions on population-level survival. Also, sample sizes were small for some stocks.
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4.4 JUVENILE MARINE STAGE

Northeast Pacific Ocean Conditions and Observations: 2018-
present

¢ Globally, 2018 was the fourth warmest year on record (Ross and Robert 2018).

e In 2018, both surface and subsurface Northeast Pacific Ocean temperatures were near
normal until the fall, when marine heat waves were observed offshore and on the shelf
with varying spatial and temporal scales (Hannah et al. 2019, Ross and Robert 2019) due
to delayed and reduced winter cooling. This is in contrast to 2017, when subsurface
temperatures remained anomalously warm in depths >100 m, after the 2014-2016 marine
heat wave (Figure 17, Ross and Robert 2019).

e La Nifla conditions were present for the first half of 2018, switching to weak EI Nifio
conditions near the end of the year (Ross and Robert 2019). ENSO-neutral conditions
are expected to continue through the summer of 2020
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(https://lwww.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.ht
ml).

e The winter stratification was stronger in 2017/18 than 2016/17, indicating a potential for
weaker mixing of the water column and reduced nutrient supply from deep waters to
surface waters (Ross and Robert 2019). Given the marine heatwave in the fall of 2018, it
is likely that 2018/19 also had weaker than normal winter mixing (Ross and Robert 2019).

e In 2018, the upwelling of cool nutrient rich waters along the west coast of Vancouver
Island (WCVI) started earlier than usual but was not as intense as previous years,
implying mixed conditions for productivity and fish growth (Figure 18, Hourston and
Thomson 2019).

e |n 2018, on the west coast of B.C., phytoplankton biomass and community composition
were generally within the range of past values, except there was an unusual increase in
phytoplankton biomass and relative abundance of diatoms at most stations along Line P
in spring (Pefia and Nemcek 2019).

e In 2018 and 2019, zooplankton distribution off the WCVI still reflected the effects of the
2014-2016 marine heatwave (Galbraith and Young 2019, Fisher et al. 2020). The
abundance of southern copepod species was high and subarctic copepods low; southern
species were still present, consistent with reduced winter cooling (Figure 19, Galbraith
and Young 2019). On-shelf and off-shelf areas in coastal BC also had higher proportions
of smaller copepod species (Batten 2019).

¢ Pyrosomes were observed for the first time in BC waters in 2017 and 2018 but were
absent in 2019.

e Steller sea lions continue to exhibit population growth, with an estimated B.C. summer
breeding season population of 39,200 individuals in 2013 (Olesiuk 2018).
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Figure 17. False colour plot of temperature anomalies relative to the 1956-2012 seasonally-corrected
mean and standard deviation (from the Line P time series), as observed by Argo floats near Station
Papa (P26: 50° N, 145° W).The cool colours indicate cooler than average temperatures and warm
colours indicate warmer that average temperatures. Dark colours indicate anomalies were large
compared with the 1956-2012 standard deviations. The black lines highlight regions with anomalies
that were 3 and 4 standard deviations above the mean (Figure from Ross and Robert 2019).
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Figure 18. The upwelling index for the west coast of British Columbia. The length of the bar
corresponds to the duration of the upwelling season, coloured by the intensity of the upwelling. The
dashed red line indicates the average start to the upwelling season. Data source:
NOAA/OAR/ESRL/Physical Sciences Division — University of Colorado at Boulder;
https://www.esrl.noaa.gov/psd/data/. Figure from Hourston and Thomson (2019).
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Figure 19. Zooplankton species-group anomaly time series for the regions in BC. Line graphs are
annual log scale anomalies. Southern Vancouver Island (SVI) blue; Northern Vancouver Island (NVI)
red; Hecate Strait (HEC) green; Line P — purple for all graphs. Note the y-axis changes with each
taxonomic group (Figure from Galbraith and Young 2019).
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Strait of Georgia Marine Conditions and Observations:
Spring/Summer 2018

e During spring and summer 2018, temperature and salinity conditions were near-normal,
but as the year progressed temperatures at all depths became warmer than normal
(Figure 20, Chandler 2019). The long-term freshening trend in the SoG continued, but
2018 conditions were saltier than expected by this trend.

e There was an early, rapid and high volume Fraser River freshet. The mean annual
discharge was near the 100 year average, but the median annual discharge occurred 16
days earlier than the long term average (Chandler 2018).

¢ Inthe SoG, the spring bloom timing and duration was consistent with average conditions
over the past 20 years (Costa 2019, Allen et al. 2019) — which implies good feeding
conditions for juvenile fish.

o After a three-year absence from the SoG, a harmful algal bloom occurred in early June,
resulting in high aquaculture fish mortality in Jervis Inlet (Esenkulova and Pearsall 2019,
Haigh and Johnson 2019, Nemcek et al. 2019). This bloom was linked to the early and
high Fraser River freshet and hot weather in May-June (Esenkulova and Pearsall 2019,
Haigh and Johnson 2019, Nemcek et al. 2019).

e Pacific Herring spawning biomass was high in the SoG but not in other areas. Natural
mortality for some stocks has increased (Cleary et al. 2019). The relative abundance of
SoG juvenile herring was the fourth lowest in the 27-year time series and may be an
indicator of diminished future recruitment strength (Figure 21, Boldt et al. 2019).

e So0G zooplankton biomass was near the long-term average in 2018 with peaks in May
and June for the North and Central SoG, respectively (Young et al. 2019).

¢ Abundance anomalies of some common fish prey items were positive (hyperiid
amphipods) or near the long term mean (decapod and euphausiids) (Figure 22, Young et
al. 2019).

e Of the larger copepods, the copepod Eucalanus bungii made up the majority of the large
copepod biomass in the Strait during the spring, representing a change from the typical
spring dominant large copepod, Neocalanus plumchrus (Young et al. 2019).

¢ Northern anchovy continued to be frequently sampled in surveys (Boldt et al. 2018).

¢ Inthe SoG, juvenile salmon species survey catches were average or better than average
(Neville 2019).

e The population of Harbour Seals (Phoca vitulina) in the Strait of Georgia appears to have
remained stable since the 1990s (Majewski and Ellis, in press).

e Anindex of Eulachon spawning stock biomass in the Fraser River was estimated to be at
a moderately high level (similar to 2015), compared to most other years from 2004-2017
(Flostrand et al. 2018).
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Figure 20. Temperature and salinity anomalies along the thalweg joining the deepest stations along
the centreline of the survey in the Strait of Georgia observed in spring (upper two figures), summer

(bottom two figures), in 2018. Figure adapted from Chandler (2019).
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Figure 21. Mean catch weight per-unit-effort (CPUE; g/m?; top panel) and mean condition (residuals
from a double log-transformed length-weight regression; bottom panel) of age-0 herring caught in the
SoG survey at core transects and stations during 1992-2018 (no survey in 1995). Standard error bars
and survey CV are shown, and calculated using Thompson (1992) two-stage (transect, station)
method and variance estimator. Figure adapted from Boldt et al. (2019).
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Figure 22. Annual biomass anomalies of ‘Fish food’ crustacean groups: decapods, hyperiid
amphipods, and adult euphausiids. Figure from Young et al. (2019).
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Queen Charlotte Strait- Southern Queen Charlotte Sound Juvenile
Sockeye Surveys: Early Summer 2018

e In 2018, 15 surface trawls for juvenile salmon were conducted June 10-14 and July 6-9 in
Queen Charlotte Strait and southern Queen Charlotte Sound. In total, 314 juvenile
Sockeye salmon were caught in 7 tows.

e CPUE anomalies indicate that overall Fraser juvenile Sockeye salmon CPUE was above
the long-term average in 2018 (Figure 23). Annual anomalies were adjusted to remove
the dominant cycle from the non-dominant cycle years. Calculations for mean and
standard deviation included all tows, including tows with zero catch.

e The overall condition of 28 Fraser juvenile Sockeye salmon was average in 2018 (Figure
24). Condition is estimated as the residuals from the length to weight relationship derived
from samples across the whole survey time series.

¢ Chilko juvenile Sockeye salmon had above average condition, Nadina juvenile Sockeye
salmon had average condition, and Birkenhead juvenile Sockeye salmon had below
average condition in 2018 (Figure 25).
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Figure 23. Standardized CPUE anomalies for Fraser River juvenile Sockeye salmon from early
summer surface tows conducted in Queen Charlotte Strait and southern Queen Charlotte Sound.
Mean anomalies are separated into dominant (2000, 2004, 2008, 2012, 2016) and subdominant ocean
years. The number of tows used for each calculation are included below the years. There were no
surveys in 2003 and 2016, indicated by the dotted vertical lines. The mean at zero is a solid line; £ 1
standard deviation are dashed lines.
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Figure 24. Annual weight residuals for all Fraser River juvenile Sockeye salmon sampled in early
summer surface tows conducted in Queen Charlotte Strait and southern Queen Charlotte Sound.
Fraser River juvenile Sockeye had average condition in 2018. Residuals were calculated from a
length-weight regression over all years combined. The number of Sockeye within each year are
indicated below the x- axis in brackets. Boxes are quatrtiles; solid lines are median values; solid circles
denote outliers.
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Figure 25. Annual weight residuals for individual juvenile Sockeye salmon stocks (Birkenhead, Chilko,
and Nadina) sampled in early summer surface tows conducted in Queen Charlotte Strait and the
southern Queen Charlotte Sound. Chilko had above average condition, Nadina had average condition,
and Birkenhead had below average condition in 2018. Residuals were calculated from a length to
weight regression with stock as a fixed effect, over all years. The number of Sockeye within each year
are indicated in brackets below the year. Boxes are quartiles; solid lines are median values; solid
circles denote outliers.
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4.5 PROPORTIONS OF STOCKS OBSERVED THROUGH
SAMPLING PROGRAMS

e We compared proportions of the five most populous lake-type Sockeye across sampling
programs to evaluate the consistency of observed relative abundances across life stages
(Figure 26). This may help identify issues if stocks are present in comparatively low
abundances in samples.

e Proportions were examined for the 2016 brood year EFS, outmigrating smolts at Mission,
B.C. in spring 2018, juvenile trawl survey samples collected in late June-early July 2018
in the SoG and Desolation Sound/Discovery Islands, Juvenile trawl surveys in early-June
and early-July in Queen Charlotte Strait-southern Queen Charlotte Sound, and the four
year old forecasts for 2020, presented at the 50% probability level (M. Hawkshaw DFO
Stock Assessment pers. comm.). Stocks were selected according to their order of
prevalence in the sampling programs, and include Chilko, Chilliwack, Nadina, Stellako,
and Birkenhead. All other stocks were removed from calculations of stock proportions for
each sampling component.

e Stock proportions at Mission are challenging to interpret given the need to maintain a
consistent water velocity at the trap mouth (1.0 m/s), paired with the steady increase in
discharge experienced in the Fraser River as the study progressed. Stock proportions
have not been adjusted for the inverse relationship between the proportion of water
volume sampled and discharge at Mission, and should be considered preliminary
pending this correction. As a result, proportions of stocks that predominately migrate
early in the migration season may be biased high, and proportions of stocks that
predominately migrate later in the migration season may be biased low. Similarly,
sampling must be corrected for locational differences in flow within the channel, which
may affect proportions if stocks differ in their horizontal distribution within the water
column. Mission surveys in 2018 were performed every other day, with a break in
surveys between May 18" and May 28™, due to the high freshet and debris in the river.

¢ Inthe Queen Charlotte Strait/Southern Queen Charlotte Sound surveys, up to 10 juvenile
Sockeye per tow were sent for genetic stock identification (GSI). Stock assignments were
accepted at > 0.5 probability. Apart from Chilko, Nadina, and Birkenhead, which are
included in the comparisons here, North Thompson and Late Stuart were also sampled in
relatively high proportions.

¢ Chilko dominates the key stocks observed in all sampling programs apart from one.
Chilko represents ~45-60% of the four year old Fraser Sockeye abundance measured
across the five dominant stocks in the 2016 brood year escapements, the SoG and
Discovery Islands juvenile program, the QCStrait/Sound juvenile program, and in the
2020 four-year old forecast. The primary exception where Chilko does not dominate
proportions, is the Mission juvenile program, where Chilko represents only ~30% of the
relative abundance.

¢ Chilliwack presented the opposite pattern to Chilko. Chilliwack was “over-represented” in
the Mission surveys compared to the other programs for which we currently have data.
Chilliwack made up ~55% of the relative abundance at Mission, but only accounted for
~20% of the 2016 EFS, and ~10% of the four-year old 2020 forecast, and juvenile
surveys in the SoG and Discovery Islands. Chilliwack Sockeye were not present in
samples from the Queen Charlotte Strait/Southern Queen Charlotte Sound surveys.
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Percentage in Total Sample

The pattern of over-representation of Chilliwack in the Mission surveys was encountered
previously, on this same cycle-line, in the 2016 Science Integration process. Notably,
Chilliwack migrated earlier than average, and roughly one week earlier than Chilko, in
both 2014 and 2018. As mentioned, early migrants may be biased high in the Mission
surveys, while late migrants may be biased low, due to the increase in discharge over the
course of sampling. Notably, discharge patterns in both 2014 and 2018 peaked early and
high. Bias in the Chilliwack catch at Mission may also result from the location of the
sampling program, which is just downstream of where Chilliwack Sockeye enter the
Fraser River. Of note, Chilliwack returns in 2016 were more closely aligned with their
relative proportion of the 2012 EFS than the 2014 smolt samples at Mission, though they
did return at a higher proportion than forecast, relative to the other key stocks.

Proportions of Nadina Sockeye are variable across the sampling programs, with a very
low proportion caught at Mission (~2%) relative to EFS (10%), and a high proportion
caught in the Queen Charlotte Strait/Southern Queen Charlotte Sound program (40%)
based on two tows.

Stellako and Birkenhead had somewhat more consistent proportions across programs,
coming in around 5-10% for each, apart from the Stellako forecast, which is 20% of the
total across stocks compared. Similar to Chilliwack, Stellako Sockeye were also not
caught in the Queen Charlotte Strait/Southern Queen Charlotte Sound surveys.
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Figure 26. Proportions of the five dominant Fraser Sockeye stocks expected to return as four-year
olds in 2020, across sampling programs. Effective female spawner proportions are from the 2016
brood year parental generation, while outmigrating juveniles were sampled through surveys at Mission
in the Lower Fraser River, in the SoG and Discovery Island trawl surveys, and in the Queen Charlotte
Strait/Southern Queen Charlotte Sound trawl surveys in 2018. Four year old 2020 forecasts are also
included, as produced using various model forms (M. Hawkshaw DFO Stock Assessment
pers.comm.).
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5 KNOWLEDGE GAPS AND FURTHER WORK

The following are current gaps in our knowledge and research programs that limit our ability
to understand Fraser Sockeye survival.

5.1 BROOD YEAR SPAWNERS AND EGG STAGE

e En-route loss and pre-spawn mortality are accounted for in the run size forecasts, but a
better understanding of the contribution of intergenerational effects on offspring would
help link brood year experience to future recruitment.

¢ Limited data on incubation temperatures and discharge are available. This is especially
critical for spawning populations that utilize systems not dominated by the moderating
influence of upstream lakes, such as Early Summer populations.

¢ More information on the shear stress from peak river flows events is required for bedload
movement in specific systems is necessary for the assessment of redd scouring events
and survival implications.

¢ Improvements are needed in our understanding of the impacts of adult migratory
experience in the Fraser River - particularly timing, fish condition, temperatures, and
flows - on survival, as reflected by en-route mortality, success of spawn, gamete quality,
egg to fry survival, fry and smolt condition, and abundance.

5.2 JUVENILE FRESHWATER STAGE

e  Currently there is limited information on the following, all of which require further
research:

o upstream fry migration challenges due to high discharge for those populations
that migrate upstream (e.g. Chilko, Weaver) from spawning locations to lakes;

o littoral zone habitat as a function of lake water levels and water temperature
and their relative importance to overall juvenile freshwater survival; and

o the impacts of overall winter air temperature on overwinter fry survival.

e Additionally, there is no standard metric for quantifying variation in length of growing
season among lakes and across years

e Juvenile Sockeye experience high mortality during their freshwater residence phases
from egg to fry (87%) and from fry to smolt (74%) (Quinn 2005), highlighting the
importance of abundance estimates at early life stages. Currently Chilko Lake is the only
wild Sockeye stock in the Fraser River watershed where survival can be partitioned into
freshwater and marine components. However, Chilko Lake is a unique system that is not
representative of other Sockeye nursery lakes in the Fraser River watershed. Additional
juvenile monitoring (fry and smolt) for condition and abundance in other key nursery
lakes in the Fraser watershed would provide information on the survival (freshwater and
marine) and population and ecosystem dynamics for these systems. Additionally, our
ability to assess abundances of juvenile Sockeye during the fry life stage in nursery
lakes is limited by budgets and capacity, and requires the identification of priorities on an
annual basis. As a result, many lakes are assessed infrequently, and some are not
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assessed at all. We recommend increased assessments as permitted by capacity and
budgets.

e Additional work on the effects of fry size and condition on later life-stage survival is
important to understanding the dynamics of Fraser River Sockeye returns

5.3 JUVENILE DOWNSTREAM MIGRATION

¢ Conduct additional lake-outlet juvenile downstream assessments like those for the
Chilko and Cultus stocks. Focus should be on assessing stocks most likely to contribute
to the current year juvenile outmigration and capture at Mission. Additional health and
abundance assessments of smolts as they outmigrate from nursery lakes would further
our capacity to predict total Fraser Sockeye outmigration abundance and subsequent
marine survival.

e Itis necessary to complete the data adjustments required to account for the known
parameters that bias stock composition and ocean entry estimates from Mission juvenile
catch estimates. Additionally, improvements could be made to the study design by
incorporating currently existing technologies to accurately measure these parameters in
future studies.

e Further work on the impact of juvenile abundance entering the SoG on marine survival is
another interesting but unstudied factor. If we presume the marine environment, in a
given yeatr, is the best it could be, there are two outcomes: either that strong abundance
has no effect on marine survival, or the abundance saturates/overwhelms even the most
favourable habitat capacity, decreasing marine survival.

¢ Additional knowledge gaps exist in the following areas, all of which require further
research:

o Proximate environmental or biological cues for outmigration timing of smolts,
particularly temperature and discharge metrics.

o Inter and intra-population differences in outmigration timing and therefore
environmental experience

o Ciritical energy condition levels in relation to starvation risk, burst swim
performance, sustained swim performance, and potential interaction with
disease.

o Influences of different migratory corridors (lakes versus rivers, availability of
discharge and thermal refugia, predation risk, turbidity) on migration timing
and survival.

o The potential relevance of high encounter velocities with respect to physical
damage to smolts (washing machine effect).

o Quantifiable links between outmigration conditions and survival. We have
observed deviations from the norm, but are not confident in the net effect on
freshwater migration survival.
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5.4 MARINE ENTRY TO RETURNING ADULTS

o A knowledge gap exists in terms of how the recent increase in the frequency of unusual
observations in the physical (e.g., marine heat wave) and biological environment (e.g.,
doliolids in 2016, pyrosomes in 2017) affect the survival of pelagic fish species (such as
juvenile salmon and Pacific Herring) in the NE Pacific.

e Research is required to understand the trophodynamic interactions and linkages among
juvenile salmon, age-0 herring, other small pelagic forage fishes, and zooplankton
(timing and magnitude, and species composition) in the SoG. For example, age-0
herring could potentially be: 1) competitors for zooplankton with juvenile Sockeye, Chum,
and Pink salmon, 2) prey for juvenile Chinook and Coho salmon, and/or 3) a buffer to
predation. Understanding these interactions would elucidate factors that can affect fish
survival in the SoG.

5.5 CLIMATE CHANGE VULNERABILITY ASSESSMENTS

e As global temperatures continue to increase and precipitation patterns change,
conditions observed during the recent period of high temperatures will very likely
become more common, and more extreme. This includes such events as higher in-river
temperatures, early, high spring freshets, low river flows in summer and fall, and
continued ocean warming (IPCC 2014b, Anslow et al. 2016). We must improve our
ability to predict and adapt to current and expected climate conditions and their effects,
through research, planning, and action.

e Recent trends in salmon abundances yield a growing, but still incomplete, view of
salmon vulnerability to climate change. This vulnerability is determined by multiple
factors, including salmon spawning and rearing locations, warming water temperatures,
ecosystem changes, freshwater habitat alteration, salmon traits, and more. All of these
factors acting alone or cumulatively increase our current uncertainty related to salmon
population responses to climate change.

e Detailed assessments of salmon vulnerability to climate change are required to
understand and predict future trends in salmon populations. Work was initiated on
Canadian Pacific salmon vulnerability assessments in 2007 (PFRCC 1999, Nelitz et al.
2007), and reinvigorated in 2015 more broadly on a number of fish species (Hunter and
Wade 2015, Hunter et al. 2015). Vulnerability assessments for Pacific salmon
populations in the U.S. have recently been completed (Hare et al. 2016, Urban et al.
2016, Crozier 2017, Crozier and Siegel 2018, Crozier et al. 2019). Meanwhile, in DFO’s
Pacific Region, participants attending the second annual State of the Salmon meeting,
held in March 2019, supported the initiation of the Pacific Salmon-Ecosystem-Climate
Consortium as a mechanism to assist with integration of scientific expertise across
organizations to advance assessments of Pacific salmon vulnerability to climate and
habitat change. Improved integration across a wide variety of organizations that study
and manage Canadian Pacific salmon, their habitats, and local climate change
predictions, would advance efforts to address existing knowledge gaps in these areas.
All of these efforts will assist with enabling better predictions of Fraser Sockeye survival
moving forward under changing conditions.
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