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Abstract

Boldt, J.L., Joyce, E., Tucker, S., and Gauthier, S. (Eds.). 2023. State of the physical, biological
and selected fishery resources of Pacific Canadian marine ecosystems in 2022. Can. Tech.
Rep. Fish. Aquat. Sci. 3542: viii + 312 p.

Fisheries and Oceans Canada is responsible for the management and protection of marine
resources on the Pacific coast of Canada. Oceanographically there is strong seasonality in
coastal upwelling and downwelling, considerable freshwater influence, and variability from
coupling with events and conditions in the tropical and North Pacific Ocean. The region supports
ecologically and economically important resident and migratory populations of invertebrates,
groundfish, pelagic fishes, marine mammals and seabirds.

Since 1999 an annual State of the Pacific Ocean meeting has been convened by DFO to bring
together the marine science community in the Pacific Region and present the results of the most
recent year's monitoring in the context of previous observations and expected future conditions.
The workshop to review ecosystem conditions in 2022 was a hybrid meeting, convened both in-
person in Victoria, B.C. and virtually, March 9-10, 2023. This technical report includes
submissions based on presentations given at the meeting and poster summaries.

Climate change is a dominant pressure acting on North Pacific marine ecosystems, causing, for
example, increasing temperatures, deoxygenation, and acidification, and changes to circulation
and vertical mixing. These pressures impact ecosystem nutrient concentrations and primary and
secondary productivity, which then affect higher trophic levels through the food chain.
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Résumé

Boldt, J.L., Joyce, E., Tucker, S., and Gauthier, S. (Eds.). 2023. State of the physical, biological
and selected fishery resources of Pacific Canadian marine ecosystems in 2022. Can. Tech.
Rep. Fish. Aquat. Sci. 3542: viii + 312 p.

Péches et Océans Canada est chargé de la gestion et de la protection des ressources
maritimes sur la céte Pacifique du Canada. Sur le plan océanique, il y a une forte saisonnalité
dans les remontées d’eaux profondes cétiéres et les plongées d’eaux, une forte incidence des
eaux douces, et une variabilité provenant des phénoménes et des conditions dans I'océan
Pacifique tropical et 'océan Pacifique Nord. La région soutient des populations résidentes et
migratrices écologiquement et économiquement importantes d’invertébrés, de poissons de
fond, de poissons pélagiques, de mammiféres marins et d’oiseaux de mer.

Depuis 1999, une réunion annuelle sur 'Etat de 'océan Pacifique est organisée par le MPO afin
de réunir la communauté scientifique dans la région du Pacifique et de présenter les résultats
de la derniére année de surveillance dans le contexte d’observations précédentes, ainsi que les
conditions futures attendues. L’atelier organisé du 9 au 10 mars 2023 pour examiner les
conditions de I'écosystéeme en 2022 était un événement hybride avec une rencontre en
personne a Victoria avec option virtuelle. Le présent rapport technique comprend des
soumissions basées sur les présentations données durant I'atelier et des résumés d’affiches.

Les changements climatiques constituent une pression dominante qui agit sur les écosystémes
marins du Pacifique Nord et sont la cause, entre autres, de 'augmentation des températures,
de la désoxygénation et de I'acidification, et des changements dans le régime de circulation et
le mélange vertical. Ces pressions ont des effets sur les concentrations d’éléments nutritifs et la
productivité primaire et secondaire des écosystémes, ce qui a une incidence sur les niveaux
trophiques supérieurs par l'intermédiaire de la chaine alimentaire.
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1. HIGHLIGHTS

Despite strong negative Pacific Decadal Oscillation and La Nifia conditions in 2022, which
should have led to an abnormally cool year, temperatures were near normal in the NE
Pacific. There is a long-term trend of increasing sea surface temperatures in B.C. waters.

In 2022, daily mean air temperatures were above average and precipitation was below
average in B.C. Snowpack was above-average well into June over most of B.C. and, in
autumn, there was severe drought in northeast and southwest B.C.

By the end of summer, dissolved oxygen concentrations off the West coast of Vancouver
Island (WCVI) were very low, but not as extreme as in 2021. In the Strait of Georgia
(SOG), there has been a 24-year trend of decreasing oxygen at all depths.

Surface waters in the NE Pacific were anomalously fresh in 2022, similar to the last six
years. In the SOG, there has been a trend to lower salinities in surface waters and higher
salinities at depth.

In the central coast, the pH of deep water has been slightly less corrosive since 2019 and,
in the Northern Salish Sea, has been slightly less corrosive since 2020.

Off the coast of B.C. and neighbouring U.S. States (45°N-60°N), the 2022 spring transition
timing of upwelling was late, as was the fall downwelling, and the magnitude of summer
upwelling was below average, resulting in an expectation of below-average productivity.

Indices of both the phytoplankton and zooplankton community composition have generally
returned to average following the 2014-16 marine heatwave, with a few exceptions in
some areas. In the SOG, model results indicate 2022 was an average year for spring
bloom timing while in situ observations detected two spring blooms, and observed
zooplankton biomass was above average.

Relative abundance of Olympia Oysters has remained stable at most Vancouver Island
index sites between 2010 and 2022.

Coastwide Pacific Herring spawning biomass has been increasing since 2010. In 2022, it
varied among assessed stocks with more than 50% of the total biomass occurring in the
SOG. Herring weight-at-age continued to remain unchanged or increased.

Fraser River Eulachon spawning biomass was the lowest of the time series since 1995;
whereas, off the WCVI, Eulachon biomass, of mixed ages and stocks, was moderately
high relative to other surveyed years since 2000.

Generally, there were low returns of Chinook and Chum Salmon; whereas there were
strong returns of Sockeye Salmon in several areas except the Fraser River (below
average). The size of Fraser River Sockeye and Pink Salmon has decreased.

There was an increase in the biomass of shelf rockfish, some slope rockfish, and many
flatfish species in the recent 5-10 years; whereas Arrowtooth Flounder and Pacific Spiny
Dogfish biomass declined.

Marine Aquatic Invasive Species are increasing in both range and abundance in B.C.
There has been a recent expansion of European Green Crab around Haida Gwaii, the
Salish Sea, and southern Alaska. Bay Barnacle appears to be increasing on the WCVI.

The population of Harbour Seals is considered stable or slightly declining. The abundance
of California Sea Lions in 2020-21 was a threefold increase since 2009-10, but there has
not been a significant increase since 2017.

Sei Whale sightings in Canada’s Exclusive Economic Zone have increased, indicating

increasing abundance or changing distribution patterns, and/or increasing observation
efforts in offshore waters.



2. INTRODUCTION

Fisheries and Oceans Canada (DFO), Pacific Region, facilitates and assembles an annual
overview of the physical, chemical and biological conditions in the ocean off Canada’s west
coast. This compilation helps to develop a picture of how the ocean is changing and provides
advance identification of important changes which may potentially impact human uses,
activities, and benefits from the ocean. There is a concerted effort to include information that
summarizes important climate, oceanographic, and biological components at different trophic
levels for as many marine ecosystems in B.C. as possible. The highlights, overview, and
summary sections of this report synthesize and emphasize ecosystem information that SOPO
meeting participants discussed as important for communicating to science and fisheries
management. This is done in a two or three day meeting, usually held in February or March of
the year subsequent to the year being considered. The first meeting was held in 2000 to assess
conditions in 1999; reports from these reviews are available at the following link (see bottom of

web page):

http://www.dfo-mpo.gc.ca/oceans/publications/index-eng.html

Reviews and reports from 2007 to 2013 were conducted under the direction of the Fisheries &
Oceans Canadian Science Advice Secretariat (CSAS). In 2014, these State of the Pacific
Ocean reviews were moved to a separate process and are now presented as Fisheries &
Oceans Canada Technical Reports. The report from 2022 (for conditions in 2021) is available at

https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41067113.pdf

The 24" DFO State of the Pacific Ocean meeting, to review conditions in the NE Pacific and
B.C. coastal waters in 2022, was a hybrid meeting, convened both in-person in Victoria, B.C.
and virtually, March 9-10, 2023. Due to the hybrid platform, the meeting reached a broad
audience; this year's meeting was attended by 366 researchers from 68 organizations, including
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the federal and B.C. governments,
First Nations and Indigenous
organizations, academia, national
and international partners, and the
private sector. For example,
attendees included scientists from
Fisheries and Oceans Canada, Parks
Canada, Environment and Climate
Change Canada, Transport Canada,
and 17 different First Nation and
Indigenous organizations, such as the
Council of the Haida Nation, Toquaht
Nation Government, Seabird Island
Band, Heiltsuk Nation and the
Tsawout, Namgis, Ucluelet,
Huuayaht, and
Ka:'yu:'k'th'/Che:k'tles7et'h' First
Nations, among others. Other


http://www.dfo-mpo.gc.ca/oceans/publications/index-eng.html
https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41067113.pdf

attendees included the Province of B.C., Hakai Institute, University of British Columbia,
University of Victoria, Ocean Networks Canada, North Pacific Marine Science Organization,
Grieg Seafood, T Buck Suzuki Foundation, and the Pacific Salmon Foundation, among others.
These annual meetings represent a unique opportunity for scientists from different disciplines to
highlight preliminary results of atmospheric, oceanographic, and marine species observations in
2022 in the context of historical observations.

Councillor Jackie Albany from the Songhees First Nation was scheduled to provide opening
remarks, but, unfortunately, had to cancel at the last minute. Regional Director of Science, Andy
Thomson, provided opening remarks, including his appreciation for the SOPO meeting and
report. He noted that it is only through these
types of collaborative processes that we
can bring together different types of
knowledge to gain a better understanding of
how ecosystems are changing and to
identify actions for DFO and future studies
in Science. He noted that there are
opportunities to address Science questions
in the upcoming years with DFO’s Pacific
Salmon Science Initiative.

At the meeting 40 talks and 18 posters were
presented. Topics ranged from annual
precipitation to large-scale atmospheric and
physical oceanographic conditions, to
species composition of the phytoplankton
and zooplankton communities, to fish and
marine mammal stock status, to ocean
noise, and everything in between. For the
last couple of years, the organizing team
has taken a proactive approach and also invited all First Nations and Indigenous organizations
in B.C. to participate in the meeting. This resulted in 27 individual registrants from 17 different
First Nations and Indigenous organizations. An invitation was also extended to all First Nations
and Indigenous organizations to present or co-present at this and future meetings. There were 3
co-presentations: 1) on Day 1, collaborators from DFO, Gwaii Haanas Parks Canada, the
Council of the Haida Nation, and the Hakai Institute gave a joint presentation on “2022
oceanographic conditions in and around Gwaii Haanas, Haida Gwaii, in relation to past
observations”; 2) on Day 2, collaborators from DFO and the Council of the Haida Nation gave a
joint presentation titled “Update on the distribution of aquatic invasive species and monitoring
activities in the Pacific region, with details on Haida Gwaii efforts”; 3) collaborators from the
Council of the Haida Nation and DFO gave a poster presentation titled: “Monitoring SGaan
Kinghlas—Bowie Seamount Marine Protected Area”.

Regional Director of Science, Andy Thomson, provided
opening remarks.

Poster summaries are presented in Appendix 1, the meeting agenda is presented in Appendix
2, and the meeting participants are listed in Appendix 3. The meeting was co-chaired by
Jennifer Boldt (Pacific Biological Station), Strahan Tucker (Pacific Biological Station), Stéphane
Gauthier (Institute of Ocean Sciences), and organized by Elizabeth Joyce. In addition to helping
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with meeting organization, all technical aspects of the virtual meeting were run by Stephen Page
(Institute of Ocean Sciences), with support from Lucius Perreault (Institute of Ocean Sciences)
and Lindsay Mazzei (Institute of Ocean Sciences). Convening this large-scale hybrid meeting
involved planning and organization above and beyond the requirements for past SOPO
meetings and was made possible with the skills and hard work of Elizabeth, Stephen, Lucius,
and Lindsay.

2023 SOPO meeting organizers (left to right), Stephen Page, Jennifer Boldt, Elizabeth Joyce, Strahan Tucker,
Stéphane Gauthier, Lindsay Mazzei, and Lucius Perreault.

This technical report presents the highlights and summaries of the presentations and
discussions at the workshop. These summary reports are not peer reviewed, and present the
status of data, results, and interpretations as of the date of this meeting. For use of, or reference
to these individual presentations, please contact individual authors.

3. OVERVIEW AND SUMMARY

Climate change continues to be a dominant pressure acting on Northeast (NE) Pacific marine
ecosystems, as 2022 was the fifth or sixth warmest year on record globally (depending on
climatology used). B.C. air temperatures continued to increase (1950-2022) as daily mean air
temperatures were above average (Curry et al., Section 6). Precipitation was below average in
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B.C., while snowpack was above-average well into June over most of B.C. In autumn, severe
drought conditions were experienced nearly everywhere in B.C. accompanied by near-record
warm temperatures (Curry et al., Section 6). In 2022, river discharge in southern B.C. was less
than normal, but was close to average in northern B.C. (Curry et al, Section 6; Donnet, Section
33). Despite strong negative PDO and La Nifia conditions throughout 2022 which should have
led to an abnormally cool year, temperatures were near normal in the NE Pacific (Ross and
Robert, Section 7). The relatively normal temperatures observed in the NE Pacific were likely
due to the juxtaposition of cool climate oscillations on a background of long-term climate
warming (Ross and Robert, Section 7; Figures 3-1 and 3-2). The 2022 average annual SST,
collected at shore stations along the B.C. coast, was marginally cooler than 2021 and close to
the mean calculated over the 1992-2020 period (Donnet et al., Section 10). Coast-wide SST in
2022 was much lower than conditions observed in 2015 during the marine heatwave (MHW)
known as “the Blob” and perhaps signaling an end of the warm period that started in 2014
(Donnet et al., Section 10). Overlying multi-year oscillations in the annual SST, there is a long-
term trend towards rising ocean temperatures of 0.9°C over the last 100 years (Figure 3-3;
Donnet et al., Section 10). Surface waters in the NE Pacific were anomalously fresh in 2022 but
slightly less than 2021; this continues a freshening trend observed for the last six years (Ross
and Robert, Section 7). Increasing CO- in the atmosphere has increased the acidification of the
ocean, which will continue to intensify with the rise of anthropogenic carbon levels in the
atmosphere (Evans, Section 36). In spring 2022, marine CO- conditions on the central B.C.
coast and in the northern Salish Sea slightly improved compared to 2019-2020, but returned to
more corrosive and low pH conditions for the remainder of the year (Evans, Section 36).

Multivariate ENSO Index Version 2
3.0

2.0

1.0

0.0

MEI.v2

-1.0
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Figure 3-1. The multivariate ENSO Index. Data source: NOAA/ESRL/Physical Sciences Division — University of
Colorado at Boulder/CIRES; https://psl.noaa.gov/enso/mei/
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Figure 3-2. Plot of temperature, as observed by Argo floats near Ocean Station Papa, with anomalies calculated
relative to the 1991-2020 seasonally-corrected mean and standard deviation (from the Line P time series). Cool
colours indicate cooler than average temperatures and warm colours indicate warmer that average temperatures.
Dark colours indicate anomalies that are large compared with standard deviations from the climatology. The black
lines highlight regions with anomalies that are 3 and 4 standard deviations above the mean. Source: Ross and
Robert, Section 7.
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Figure 3-3. Trend in annual Sea Surface Temperature based on the observations of all lighthouses (black line). The
bars represent the anomalies averaged over all stations (a coast wide indicator), (red — above average, blue — below
average), the vertical grey lines show the variability (standard deviations) in the lighthouse data for each year (1935-
2022). Important El Nifio Southern Oscillation (ENSQO) phases are indicated above as red (El Nifio warm anomaly)
and blue (La Nifa cold anomaly) circles and dots (strong phase). Source: Donnet et al., Section 10.

Multiple marine heatwaves (MHWs) were identified in the NE Pacific in 2022; the largest MHW
areas remained offshore in the open ocean for the first half of the year (Hilborn et al., Section
11). Beginning in late August most of the B.C. Exclusive Economic Zone (EEZ) fell under MHW
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status with varying intensity until late October (Hilborn et al., Section 11). The size, intensity,
and frequency of MHWs in the NE Pacific is increasing (Hilborn et al., Section 11).
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Figure 3-4. Coloured contour plot of density as observed by Argo floats near Station Papa (P26: 50° N, 145° W). The
colours indicate potential density (yellow is denser and blue lighter). The black lines highlight the a-=25.2 kg/m?® (thin)
and 25.7 kg/ m?® (thick) isopycnals. Source: Ross and Robert, Section 7.

MHWs are associated with reduced vertical mixing, which causes increased winter stratification.
This results in decreased nutrient supply from deep to surface offshore waters. The winter
stratification was similar in 2021/22 and 2020/21, and both were stronger than during the 2007-
2013 period preceding the first big MHW of the last decade (i.e. the ‘Blob’), but not as strong as
the 2018/19 and 2019/20 winters which showed extremely low winter mixing. Thus, the mixing
of nutrients to the surface was likely normal in 2021/22 (Figure 3-4; Ross and Robert, Section
7).

Spring & Fall Transition Timing and Upwelling-Favourable Wind Magnitude
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water off the west coast of
Vancouver Island (WCVI) is an
indicator of marine coastal
productivity across trophic
levels from plankton to fish to
birds. Variability in the
upwelling index corresponds
with variations in the strength
and/or longitudinal position of
the Aleutian low-pressure
system in the Gulf of Alaska.
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Figure 3-5. Annual spring and fall transition timing and March-November ~ Mean and the magnitude of
upwelling-favourable wind stress magnitude, 1980-2021. Bold dashed summer upwelling was below
lines indicate the average spring (red) and fall (blue) transition dates. the long-term average,

Light-dashed lines indicate standard deviations of the spring (red) and

fall (blue) transition dates. Source: Hourston and Thomson, Section 8. resulting in an expectation of
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below-average upwelling-based coastal productivity (Hourston and Thomson, Section 8; Dewey
et al., Section 38; Figure 3-5). After a late (June) start to upwelling, persistent upwelling,
particularly along the southern Vancouver Island continental slope, brought California
undercurrent source waters onto the shelf, supplying nutrients and saline water to surface
waters and extending deep, oxygen-poor waters over the shelf eastward (Sastri et al., Section

15; Dewey et al., Section 38).
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Figure 3-6. Zooplankton species-group anomaly time series.
graphs are annual log scale anomalies. Southern Vancouver
Island (SVI) green; Northern Vancouver Island (NVI) orange;
Hecate Strait blue. Blank years mean no samples were
collected. Source: Galbraith and Young, Section 20.
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Phytoplankton and zooplankton
communities appear to be returning to
average status after the MHW (2014-
2016) in the shelf region (Ostle and
Batten, Section 21; Galbraith and
Young, Section 20). In 2022, southern
copepod species continued to decline
in abundance compared to MHW years
(Ostle and Batten, Section 21;
Galbraith and Young, Section 20).
Southern copepods were more
prevalent in offshore compared to shelf
waters of the south Vancouver Island
and Hecate Strait regions (Figure 3-6).
Boreal shelf and subarctic copepod
biomass was above or near- average in
all areas (Galbraith and Young, Section
20). Large subarctic and boreal
copepods are more favourable for fish
growth than small, southern copepod
species.

Changes to the physical environment,
phytoplankton, and zooplankton
communities can have impacts on
higher trophic levels. Extreme heat
events, such as the atmospheric heat
dome of 2021, may have a long-term
effect on Olympia Oyster survival and
reproduction; however, no evidence of
decrease in density was observed at
index sites in 2022 (Herder and
Bureau, Section 22). There was an
increase in the biomass of shelf
rockfish, some slope rockfish, and
many flatfish species in the recent 5-
10 years. In contrast, Arrowtooth

Flounder and Pacific Spiny Dogfish biomass declined (Anderson et al., Section 29).



The growth rate of Cassin’s Auklets is linked to the abundance of their primary prey,
Neocalanus cristatus copepods, which are more abundant during relatively cold years (Hipfner
et al. 2020). As in 2021, the representation of N. cristatus in Cassin’s auklet nestling diets on
Triangle Island in 2022 was well below what would be expected based on PDO conditions
(Hipfner, Section 30). Diets fed to nestling Rhinoceros Auklets on Pine and Lucy islands
included normal amounts of Pacific Sand Lance and Pacific Herring in 2022, continuing the
trend towards favourable conditions that existed prior to the Blob (Hipfner, Section 30).

Several populations of marine mammals have shown strong recovery trends (notably humpback
whales) after commercial whaling ended in 1967, and are once again important components of
marine ecosystems, resulting in increased overlap with human activities and potential conflicts
with fisheries and marine traffic. Sei Whale sightings in Canada’s EEZ have increased,
indicating increasing abundance or changing distribution patterns, and/or increasing observation
efforts in offshore waters (Doniol-Valcroze et al., Section 32). The population of Harbour Seals
is considered stable or slightly declining, while the abundance of California Sea Lions in 2020-
21 was a threefold increase since 2009-10, with no significant increase since 2017 (Tucker et
al., Section 31).

In the Salish Sea, there are trends of increasing temperature and decreasing oxygen at all
depths, and waters are generally becoming fresher at surface and saltier at depth (Donnet and
Chandler, Section 37). During the spring of 2022, conditions were cooler, saltier, and less
oxygenated than normal. These conditions continued through the summer at depth but surface
waters were warmer, fresher and more oxygenated than normal. Thus, stronger than normal
summer stratification occurred in 2022. In the fall, conditions were notably warmer at the
surface, as well as saltier (Juan de Fuca) and less oxygenated than normal at most depths. In
2022, the Fraser River annual discharge was near-normal overall but below normal in the fall;
the peak discharge was late (~1 month; Donnet and Chandler, Section 37; Figure 3-7).
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Figure 3-7. Fraser River discharge at Hope B.C.; 2022 (blue), 111 year average (green). Extracted from the
Environment and Climate Change Canada Real-time Hydrometric Data web site, station number 08MF005, “FRASER

RIVER AT HOPE” (https://wateroffice.ec.gc.ca/mainmenu/real_time_data_index_e.html) on 30 Jan 2023. Source:
Donnet and Chandler, Section 37.
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In the Strait of Georgia (SOG), 2022 was the first year since 2015 when all five harmful algal
bloom taxa formed dense but localized blooms. In summer, there were dense blooms of
Heterosigma akashiwo, Dictyocha, Noctiluca scintillans, Rhizosolenia setigera, and Pseudo-
nitzschia in some areas (Esenkulova et al., Section 42). Harmful algal blooms can cause finfish
and shellfish mortalities, impacts to human health, and economic losses. Marine Aquatic
Invasive Species (AlS) are increasing in both range and abundance in B.C. For example, there
has been an expansion of European Green Crab around Haida Gwaii and the Salish Sea (Gale
et al., Section 48). This high-impact invader that negatively affects eelgrass, an important fish
habitat, was detected for the first time on Haida Gwaii in July 2020 (Gale et al., Section 48).
Preventing the spread of AlS requires management and monitoring of anthropogenic pathways
and vectors as early detection of AIS can inform management and policy. Other anthropogenic
stressors include oil spills, vessel traffic and underwater noise. For example, in 2022, there
were 1054 oil spills reported to DFO; the most significant was the Fishing Vessel Aleutian Isle
which sank with 15000 L of diesel on the U.S. side of the Juan de Fuca Strait (Herborg et al.,
Section 34).

Annual variation in spring bloom timing and community composition may affect the food web,
through a temporal match or mismatch between prey and their predators. In the SOG, the
spring bloom timing was early compared to the long-term average (Allen and Latornell, Section
40; Dewey et al., Section 38; Esenkulova et al., Section 42). In fact two spring blooms occurred,
one in February followed by another one in April (Esenkulova et al., Section 42); the implications
for feeding conditions for juvenile fish are unclear. In 2022, the SOG zooplankton

biomass decreased but was still higher than the time series average since 1996 (Young et al.,
Section 43). Medium and large-sized copepods, important juvenile salmon prey, dominated the
biomass (Young et al., Section 43).

Coastwide Pacific Herring biomass has been increasing since 2010, dominated by the SOG
stock; however, in some assessed areas, such as Haida Gwaii, there have been prolonged
periods of low biomass (Cleary et al., Section 24; Figure 3-8).

Spawning biomass
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Figure 3-8. Pacific Herring spawning biomass of five assessed areas, 1951- 2022. Source: Cleary et al., Section 24.
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In summer 2022, Pacific Herring biomass and CPUE in continental shelf waters off the WCVI
(mixed stocks) were the highest in the 2006-2022 time series (Boldt et al., Section 25). In the
SOG in the fall of 2022, the relative biomass of age-0 Pacific Herring was higher than that
observed in 2021, but still below the time series mean; a very low biomass estimate of age-0
may indicate low recruitment to the adult SOG population (Boldt et al., Section 44). In 2022,
Northern Anchovy were present in 48% of the SOG age-0 Pacific Herring survey sets; this is the
third highest percentage in the time series (Boldt et al., Section 44). In 2022, the index of
Fraser River Eulachon spawning stock biomass was estimated to be one of the lowest in the
time series (~10 tonnes; Flostrand and Ens, Section 23). However, mean Eulachon catch per
unit effort from a WCVI multispecies bottom trawl survey was moderately high (Flostrand and
Ens, Section 23).

In the fall of 2022 in the SOG, juvenile salmon survey index of Coho Salmon abundance (catch
per unit effort) was above average, Chinook Salmon was average, Sockeye and Chum Salmon
were below average, while Pink Salmon was the highest observed since 2010 (Neville, Section
45). Also, juvenile Coho Salmon remained bigger than average (Neville, Section 45). Chum and
Pink Salmon were the dominant juvenile salmon species encountered in summer and fall on the
continental shelf of the northern and western coast of Vancouver Island (King et al, Section 25).
Chum Salmon relative abundance in summer was below average. Pink Salmon relative
abundance in fall was above average. These juvenile salmon, and those caught in summer,
were in better condition than usual.

Many Canadian populations of Pacific salmon have exhibited significant declines in abundance
coinciding with global climate change in the freshwater and marine ecosystems salmon inhabit
(MacDonald et al., Section 27; Figure 3-9). The marine survival of B.C. Sockeye Salmon
indicator stocks were generally below or near the long-term average for 2022; return
abundances were below average for most populations except Francois and Osoyoos lakes,
which had average to above average returns (Bailey and Freshwater, Section 28). Chinook
Salmon returns in 2022 continued their trend of low abundances in many areas, with exceptions
(examples: WCVI hatchery returns, east coast of Vancouver Island Fall returns). In 2022, Pink
Salmon returns were average to above average in northern B.C. and on the east coast of
Vancouver Island, and below average on the central coast and mainland inlets. Chum Salmon
returns in 2022 were generally poor to extremely poor with some exceptions: Nass, enhanced
Bella Coola, and lower SOG Chum Salmon. Coho Salmon returns to many systems were near
average, while others were mixed (MacDonald et al., Section 27).
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Figure 3-9. Commercial, recreational and Indigenous subsistence catch of Canadian Pink, Chum, Sockeye, Coho
and Chinook Salmon (Grant et al. 2019; NPAFC statistics: https://npafc.org/statistics/ ). Average catch from 1925-
1993 was 24.2 million, and from 1994-2014 was 13.4 million. Catch since 2015 has averaged 4.8 million, with the
lowest catch on record occurring in 2021 (1.6 million). Source: Grant et al., Section 27.
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Individual reports on conditions in the Northeast Pacific and British
Columbia’s outer coast
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6. LAND TEMPERATURE AND HYDROLOGICAL CONDITIONS IN
2022

Charles L. Curry, and Isabelle Lao, Pacific Climate Impacts Consortium, Victoria, B.C.,
cc@uvic.ca

6.1. Highlights

e In 2022, B.C. experienced above-normal daily temperatures and well below-normal daily
precipitation.

e Above-normal snowpack persisted well into June over most of B.C. due to slightly cooler
spring temperatures and above-normal precipitation in most regions.

¢ Near-record warm temperatures occurred in summer.

¢ In autumn, severe drought conditions were experienced nearly everywhere in B.C.
accompanied by near-record warm temperatures.

e The trend in annual mean temperature in B.C. is positive and can be distinguished from
natural variability over the analyzed period, 1950-2022. Annual total precipitation,
however, exhibits no significant trend over that period.

6.2. Introduction

The seasonal conditions that transpire on land have impacts on nearby coastal waters through
discharge, temperatures and nutrient input from rivers and streams. Wildfire events can also
impact ocean waters via changes in river sediment transport. As part of a holistic approach to
describing the state of the Pacific Ocean, this section will describe the evolution of seasonal
weather and snowpack conditions relevant to the coastal waters of B.C. The particular records
that are described are monthly temperature and precipitation pseudo-observations from a global
atmospheric reanalysis and monthly measurements of water equivalent snowpack from
provincial and private weather observing networks.

6.3. Description of the time series

6.3.1. Temperature and Precipitation

Observations of temperature and precipitation made at B.C. weather stations have been
compiled on an ongoing basis since 2010 under the Climate Related Monitoring Program
(CRMP). The dataset consists of observations from the CRMP partners: the provincially run
networks, BC Hydro, the Capital Regional District, Metro Vancouver and Rio Tinto. The data set
also includes data from Environment Canada’s observing network and, in aggregate, spans the
years 1872 to present. Due to a combination of factors (staffing changes at PCIC and
unanticipated delays in the transfer of data from certain networks), the spatial coverage of the
station dataset for 2022 was insufficient for its exclusive use in this year’s analysis. Instead, we
made use of the fifth generation European Centre for Medium-range Weather Forecasting
Atmospheric Reanalysis Product (ERAS), which offers a gridded representation of the historical
climate spanning 1950-present at a horizontal resolution of approximately 30 km x 30 km over
the globe. To the extent possible, we compared the results derived from ERA5 with those
available from CRMP for 2022, noting an overall consistency between the two datasets.

Long-term records of mean monthly temperature and precipitation were used to calculate 30-
year climate normals for each month of the year during the 1981-2010 reference period.
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Anomalies in monthly temperature and precipitation were then calculated relative to these
normals for the entire 1950-2022 time series covering B.C. The time series of gridded
anomalies were then spatially divided among the B.C. River Forecast Centre’s 23 Snow Index
Basin regions. Spatial averages were taken across each region to form a monthly time series of
regional anomalies that was used to rank individual years. The monthly data were also
aggregated into seasons and annual values to assess the longer time scale fluctuations in
temperature and precipitation and to rank the anomalies in time. An example of the resulting
seasonal anomaly data is shown in Figure 6-1 for monthly mean temperature (left panel) and
precipitation (right panel). The temperature and precipitation anomalies are expressed as
percentiles among the number of observed months/seasons in the sample. We define the first
percentile and number 1 ranking as the warmest/wettest over the 73-year period of 1950-2022
and the highest percentile as the coldest/driest that corresponds to a ranking of 73 for the
period. We define broad anomaly categories ranging from record cold/record dry, much below-
normal, below-normal, near normal, above-normal, much above-normal, record warm/record
wet. These categories are defined by the percentile bins 100", 100" — 90™, 90" — 66", 66" —
33, 33 — 10", 10" — 1, and 15t

6.3.2. Snow

Measurements of the province’s snowpack are made by the Ministry of Environment and
Climate Change Strategy and BC Hydro on a monthly basis through manual snow surveys.
Additional data are gathered from automated snow pillow stations. In addition, the Ministry of
Forests Lands and Natural Resource Operations and Rural Development’s River Forecast
Centre compiles snowpack data from early January through June on a monthly basis.
Snowpack in regions is compared with data from previous years to determine how the current
year's accumulated snow amount compares with historical expectations. In terms of river flow,
snowpack dictates the added potential (or lack thereof) for flooding during the spring melt
season. For this section, the evolution of the mapped snowpack anomalies is described.

6.4. Status and trends

6.4.1. Temperature and Precipitation

In 2022, average annual temperature was higher than normal across B.C. as a whole when
compared with the long-term (1950 — 2022) record. Averages for daily mean temperature were
among the top 13 for the northern basins, and in the upper third of the distribution everywhere
else except the East Kootenay. Precipitation anomalies across the province were below normal
over the southern two-thirds of the province, with the exception of the Skeena-Nass and
Nechako basins, which were near-normal. Annual precipitation in the Stikine was above-normal,
and well above-normal in the Northwest, ranking as the 2" wettest in the entire record in that
basin.

On seasonal and monthly timescales, winter (December 2021-February 2022) and spring
temperatures were near normal across B.C. The most notable temperature anomalies occurred
in summer and fall. Summer mean temperature anomalies were the 2" warmest on record over
B.C. as a whole (Figure 6-1, left), with record temperatures achieved in the Northeast basins
(Liard and Peace) and near-record warmth recorded in Skeena-Nass, Stikine, Nechako and
Upper Fraser West. All B.C. basins experienced summer heat ranking among the top 10
warmest in the record. Above-normal temperatures persisted into the fall throughout the
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province, remaining well above-normal in the North and South and ranking amongst the top 10
warmest in half of the basins. The period of extended warmth led to widespread autumn drought
conditions over much of B.C. Very warm summer temperatures and below-normal precipitation
during summer and autumn resulted in severe drought conditions between July and November
throughout most of B.C.

At the start of 2022, precipitation patterns varied considerably over the province, with
abnormally wet conditions in the north (the 2"* wettest winter on record in Liard) and
anomalously dry conditions in the southwest (8" driest winter on Vancouver Island).
Precipitation was above-normal in most B.C. basins during spring, below-normal in the Stikine,
and normal elsewhere in the northwest and southeast. A near-reversal of this pattern occurred
by the summer, with the Okanagan, Similkameen (3" driest on record), and Kootenays
experiencing well below-normal precipitation, and northwest B.C. wetter than normal. The
meteorological drought persisted and intensified into autumn, with nearly all B.C. basins
receiving well below or below-normal rainfall conditions. B.C. as a whole, Vancouver Island and
the South Coast marked their 2" driest autumn on record (Figure 6-1, right). According to the
Canadian Drought Monitor (CDM, 2023), by the end of November, eighty-two percent of B.C.
was considered Abnormally Dry or in Moderate to Extreme Drought, including ninety-nine
percent of the region’s agricultural landscape. Autumn rains on the central and southwest coast
were delayed by a month or more, leading to depleted river flows and heightened fire risk
throughout southern B.C. In contrast, northwestern B.C. experienced normal to well above-
normal precipitation for the remainder of the year.

Summer 2022 TEMPERATURE: 2nd warmest Fall 2022 PRECIPITATION: 2" driest

C
IMPACTS CONSORTIUM

Figure 6-1. Seasonal anomalies in summer (JJA) average daily mean temperature (left panel) and fall (SON) total
precipitation (right panel) for 2022 in B.C. Quantiles defining the colour scale are given in the text. Numbers on the
map correspond to ranking (from high to low) in the 73 observation years from 1950 through 2022. Results are based
on the ERA5 Reanalysis product from ECMWEF, accessed via the KNMI Climate Explorer https://climexp.knmi.nl/
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Using the seasonal and annual temperature and precipitation anomalies, province-wide trends
are calculated for the full ERAS record spanning 1950 through 2022. Temperature trends are
more easily detected due to the smaller spatial and interannual variability of temperature
compared to precipitation data. The trends in mean daily temperature are positive and
statistically significant (p < 0.05) annually and in all seasons (Table 6-1). The trends in
precipitation are not statistically different from zero, except for a small decreasing trend in
winter.

Table 6-1. Linear trends in seasonal and annual daily mean temperature and total precipitation based on ERAS,
spatially averaged over B.C. Only trends that are significant at the 5% significance level are shown.

Trends over 1950-2022 ANN | MAM | JJA | SON | DJF

Mean Temperature (°C decade™) | +0.36 | +0.35 | +0.34 | +0.25 | +0.46

Precipitation (mm decade™) - - - - -23

6.4.2. Snow

The evolution of B.C.’s snowpack in most basins was near normal during the winter of 2021-
2022. Snow accumulation was 72% to 134% of normal at the end of March with lower values
found in the West Road-Chilcotin, Okanagan and Vancouver Island basins and the highest
values recorded in the Northwest, Liard, Upper Fraser East and Upper Columbia basins (Figure
6-2, left). Cool spring temperatures in some basins accompanied by above-normal precipitation
nearly everywhere in B.C. prompted continued snow accumulation well into spring. Snowmelt
was significantly delayed in most areas (by 2-4 weeks; River Forecast Centre, 2022) resulting in
well above-normal May and June snowpack levels (> 140% of normal; Figure 6-2, right) and
below-normal streamflow until mid-June.

Figure 2: Basin Snow Water Index — April 1%, 2022 Figure 2: Basin Snow Water Index - June 1%, 2022
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Figure 6-2. Anomalies in B.C. snowpack for April (left) and June (right), 2022. Maps are produced by the B.C. Ministry
of Forests Lands and Natural Resource Operations and Rural Development’s River Forecast Centre (River Forecast
Centre 2021).
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6.5. Factors causing trends and implications

Overall, 2022 in B.C. was warmer and drier than normal. Daily mean temperatures were well
above-normal in summer and fall throughout B.C., with record-breaking temperatures in the
northeast in summer. Precipitation swung from above-normal in winter and spring to well below-
normal over most of the province in summer and fall, leading to drought conditions that
persisted into November.

The observed anomalous temperatures in 2022 are consistent with ongoing warming in B.C., as
indicated by trend analysis of the 1950-2022 record. Annual mean temperatures in B.C. have
risen by 0.34 °C decade™' on average over the last 73 years. Globally, 2022 was the 5" or 6"
warmest year on record (depending on climatology used), while it ranked as the 15" warmest in
North America (Copernicus Climate Bulletin, 2023).

A La Nina pattern of ocean temperatures that formed in late 2020 and persisted throughout
2022 may have contributed to the above average precipitation and delayed snowmelt in late
spring, as La Nifia conditions are associated with cooler than normal temperatures and above
average precipitation. However, the impact of the El Nifio Southern Oscillation (ENSO) on B.C.
weather is typically weak during summer and early fall, consistent with the warm and dry
conditions experienced during those months. The latest available sea surface temperature
measurements in the tropical Pacific Ocean (March 2023) indicate that ENSO has now entered
its neutral phase.
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7. MARINE HEATWAVE MAKES A BRIEF APPEARANCE DESPITE
STRONG LA NINA CONDITIONS

Tetjana Ross and Marie Robert, Fisheries and Oceans Canada, Institute of Ocean Sciences,
Sidney, B.C., Tetjana.Ross@dfo-mpo.gc.ca, Marie.Robert@dfo-mpo.gc.ca

7.1. Highlights

o Despite strong negative PDO and La Nifia conditions throughout 2022 which should
have led to an abnormally cool year, temperatures were near normal in the NE Pacific.

e Surface waters in the NE Pacific were anomalously fresh in 2022 but slightly less
anomalous as compared to 2021.

e The mixing in the winter of 2021/22 was near normal relative to the 2001-2023 Argo
timeseries for Ocean Station Papa.

7.2. Description of the time series

Sea surface temperatures (SSTs) were collated from the NOAA Physical Science Laboratory
website (NOAA Extended SST v4 http://www.esrl.noaa.gov/psd/cgi-
bin/data/composites/printpage.pl). Pacific climate indices examined in this report include the
Oceanic Nifo Index (ONI; http://www.cpc.ncep.noaa.gov/products/

analysis _monitoring/ensostuff/ensoyears.shtml), North Pacific Index (NPI;
https://climatedataguide.ucar.edu/sites/default/ files/cas data files/asphilli/npindex monthly.txt)
Pacific Decadal Oscillation (PDO; http://research.jisao.washington.edu/pdo/), Southern
Oscillation Index (SOI; www.cpc.ncep.noaa.gov/data/indices/soi), and North Pacific Gyre
Oscillation (NPGO; http://www.03d.org/npgo/); please see section 7.6. for details.

Sub-surface profiles of temperature and salinity were obtained from the Line P time series and
Argo float data. Line P is an oceanographic survey line extending from the mouth of the Juan de
Fuca Strait to Station Papa at 50°N and 145°W in the middle of the Gulf of Alaska (originally the
location of a Weather Ship; Freeland 2007). Routine sampling started at Station Papa in 1956,
but in 1959 sampling was started along the ship’s track between the coast and the weather ship
location. Nowadays there are typically three cruises per year, in Feb/Mar, May/Jun and
Aug/Sep. Each gives specific information: the Feb/Mar cruise tells us the depth of the winter
mixed layer (MLD) or how deep the waters are well mixed with constant temperature and
density, as well as how stratified the ocean is; both are key to understanding delivery of
nutrients into surface waters to fuel primary productivity (the rate at which phytoplankton convert
sunlight to usable energy which is then moved up the food chain by zooplankton). The May/Jun
cruise allows us to see how much nutrients were consumed by phytoplankton during spring and
exactly how much nutrients are still available for summer primary production, and the Aug/Sep
cruise tells us how much of those nutrients have been used and how good the primary
production was for that summer. Herein we focus on the physical data collected by the Line P
program, CTD observations of Temperature, Salinity (Conductivity), and Depth (Pressure).

Argo float data are also used to create a synthetic Line P section for each calendar month. Argo
floats typically profile from 2000 decibars to the surface every 10 days, reporting temperature
and salinity in near real-time (Wong et al. 2020). Since mid-2001, the Gulf of Alaska has
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supported an array of Argo floats and their observations were used to interpolate temperature
and salinity profiles at each Line P station. Argo temperature and salinity data were accepted
into the computation from a wide area of the Northeast Pacific, but the interpolation was carried
out using a Gaussian covariance function with a 300 km e-folding scale. For each month, the
mean profile is centered on the 15" and data are accepted into the interpolation with a time
window of £15 days. Since the Argo record is short as compared to the Line P timeseries, these
Argo-based synthetic Line P data are sometimes plotted as anomalies referenced to a
seasonally-corrected mean of temperature or salinity based on the ship data.

7.3. Status and trends

Based on NOAA'’s land and sea surface temperature data dating back to 1880, 2022 was the
sixth warmest year on record globally (NOAA State of the Climate 2022). This is consistent
with the recent trend, wherein 9 of the ten warmest years globally are in the last decade. In
ranked order, the ten warmest years are 2016, 2020, 2019, 2015, 2017, 2022, 2021, 2018,
2014, and 2010. Sea surface temperatures (SSTs) in the Northeast Pacific (NE Pacific) were
only slightly warm in 2022; i.e. less than 1°C above the average for the 1991-2020 base period
(www.ncdc.noaa.gov/sotc/ service/global/map-blended-mntp/202201-202212.png).
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Figure 7-1. Seasonal maps of temperature anomalies in the Pacific Ocean for each quarter in 2022 (labelled by
month groupings). The colour bar on the right, showing the temperature anomaly in °C, applies to all panels.
Anomalies are relative to 1991-2020 base period. Source: NOAA Extended SST v4
http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl.
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, , , : : : In the NE Pacific, the average SSTs were

| 5 ONI(iull year) | close to average throughout 2022, however
OW‘W""‘A‘ the first half of the year was slightly cool and

] ] the second half slightly warm (Figure 7-1).

3 Also notable in Figure 7-1 is the below

average SSTs near the equator, indicative of

the strong La Nifia conditions present

throughout 2022 (Figure 7-2). La Nifa typically

decreases SST in the NE Pacific, thus it is

likely that the sustained La Nifia conditions

3 ' ' ' ' ' ' ‘ kept annual-mean SSTs near the 1991-2020

climatological mean, despite a marine

heatwave in the fall of 2022 (Figure 7-3).

NPI (full year)

PDO (full year)

Looking at the climate indices collectively
(Figure 7-2; see section 7.6. for details), they
suggest that 2022 should have been a very
cool year in the NE Pacific. While all the
indices point in the same direction as in 2020
and 2021, most indices point to cooler
condition in 2022 (i.e. the cool indices have
larger amplitude except for the North Pacific
Index; NPI). The North Pacific Gyre Oscillation
NPGO (full year) ' ' ' I (NPGO) continued to be the lone index
indicating a warmer period, but had lower
amplitude than in 2020 and 2021.

SOl (full year)
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Figure 7-2. Time series of yearly-averaged Pacific
climate indices. Some series are reversed so that series
are red when coastal B.C. waters tend to be warm.
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Figure 7-3. Plot of temperature, as observed by Argo floats near Ocean Station Papa, with anomalies calculated
relative to the 1991-2020 seasonally-corrected mean and standard deviation (from the Line P time series). Cool
colours indicate cooler than average temperatures and warm colours indicate warmer that average
temperatures. Dark colours indicate anomalies that are large compared with standard deviations from the
climatology. The black lines highlight regions with anomalies that are 3 and 4 standard deviations above the
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Temperatures were slightly warmer than the 1991-2020 mean at Ocean Station Papa (OSP)
in 2022 (Figure 7-3). Additionally, there continued to be significant salinity anomalies in the
near-surface waters across the NE Pacific (Figure 7-4). This fresh anomaly wasn’t stronger
than in 2021, suggesting a weakening of the freshening trend in the NE Pacific. Sea surface
salinity anomaly maps based on satellite data (Melnichenko et al. 2016;
https://salinity.oceansciences.org/oi-anomaly.htm) show that these fresh anomalies stretch
across much of the NE Pacific in 2022. The salinity anomaly timeseries at Station Papa show
that these recent salinity anomalies are large relative to the 1991-2020 Line P climatology,
with anomalies 3 standard deviations above the typical variability, but with lower anomalies in
2021 and 2022 relative to 2019 and 2020 (Figure 7-5).
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Figure 7-4. Salinity anomalies (psu) along Line P from 2018 to 2022 with respect to
the 1981-2010 mean.
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Figure 7-5. Plot of salinity anomalies as observed by Argo floats near Ocean Station Papa, with anomalies
calculated relative to the 1991-2020 seasonally-corrected mean and standard deviation (from the Line P time

series).

The grey indicates fresher than average and orange indicates saltier than average. Dark colours indicate

anomalies that are large compared with standard deviations from the climatology. The black lines highlight
regions with anomalies that are 3 and 4 standard deviations below the mean.

The winter stratification was similar in 2021/22 and 2020/21 (Figure 7-6) and both were stronger
than during the 2007-2013 period preceding the first big marine heatwave of the last decade
(i.e. the ‘Blob’), but not as strong as the 2018/19 and 2019/20 winters which showed extremely
low winter mixing. Thus, the mixing of nutrients to the surface was likely normal in 2021/22.

0

)]
o

100

Pressure [dbar]

150

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

200

Lo A\A|Mm ! ﬁ\«/b\\/‘l

| 1 | | | 1 | | 1 1 |
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 7-6. Coloured contour plot of density as observed by Argo floats near Station Papa (P26: 50° N, 145° W). The
colours indicate potential density (yellow is denser and blue lighter). The black lines highlight the 0s=25.2 kg/m? (thin)
and 25.7 kg/ m?® (thick) isopycnals.

7.4. Factors influencing trends

The relatively normal temperatures observed in the NE Pacific are likely due to the juxtaposition
of cool climate oscillations on a background of long-term climate warming. The salinity trend, i.e.
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freshening of the surface waters in the NE Pacific, has been most strongly linked to
amplification in the water cycle for pre-2017 freshening trends (Yu et al. 2020) but could also be
related to increased river discharge due to accelerated glacial melt.

7.5. Implications of those trends

With climate indices suggesting a sustained cool period, it is likely that 2022/23 will experience
stronger winter mixing, though this may be tempered by the anomalously fresh surface waters.
Additionally, with the climate oscillations in a cool phase and the temperatures near normal, it is
likely that during the next El Nifio and/or positive PDO, the NE Pacific will be extremely warm.

The ‘Blob’ and the 2019-20 marine heatwave reduced winter mixing (Freeland 2015; Ross and
Robert 2021), have led to surface nutrients among the lowest on record in the summer of 2019
(Pefia and Nemcek 2020). The history of the ¢=25.7 kg/m? isopycnal (highlighted with a thick
black line in Figure 7-6) illustrates this nicely. It remained very deep throughout the 2014-2016
marine heatwave, deeper even than much of the 2003-2005 warm period, while in 2017-2018
mixing was similar to 2007-2013 and it shoaled during the winter. Mixing decreased again
during 2019-20 and it has not shoaled again. This weaker mixing suggests that nutrient supply
from deep waters should have been weaker and therefore early spring nutrient levels should be
on the low side in the spring of 2023, but not quite as low as in 2019 or 2020.

7.6. Description of Climate Indices

The Oceanic Nifio Index (ONI) is a monthly index which is a 3-month running mean of sea
surface temperature (SST) anomalies in the Nifio 3.4 region (5°N-5°S, 120°-170° W) plotted on
the center month. The SST anomalies are calculated based on 30-year base periods that are
updated every 5 years, which accounts for global warming and some of the decadal-scale SST
variability (as seen in the PDO index). The ONI is provided by the NOAA’s National Weather
Service National Centers for Environmental Prediction CPC and is available from:
http://www.cpc.ncep.noaa.gov/products/ analysis _monitoring/ensostuff/ensoyears.shtml.

The North Pacific Index (NPI) is the area-weighted sea level pressure over the North Pacific
Ocean from 30° N to 65° N and 160° E to 140° W. This index, like the Aleutian Low Pressure
Index (ALPI; Surry and King 2015) reported in previous years, is a useful indicator of the
intensity and a real extent of the Aleutian Low Pressure system. The NPI was generally positive
(blue) from 1950 to 1976, and generally negative (red) from 1977 to 2008; a change than can be
attributed to the strengthening of the Aleutian Low Pressure system after 1977. From 2008 to
present, the NPl was mostly positive, due to weaker Aleutian Lows. The NPl anomaly, plotted in
Figure 7-2, was calculated from the NPI by removing the 1950-2018 mean. Monthly time series
of the NPI are provided by the Climate Analysis Section, NCAR at Boulder, Colorado and based
on Trenberth and Hurrell 1994: hitps://climatedataguide.ucar.edu/sites/default/

files/cas data_files/asphilli/npindex monthly.txt.

The Pacific Decadal Oscillation (PDO) Index is defined as the leading mode of monthly sea
surface temperature variability (15t principal component [PC] of SST) in the North Pacific
(Mantua et al. 1997). It represents a long-lived El Nifio-like pattern of Pacific climate variability,
generally indicating warm/cool patterns that persist for a decade or more. The PDO is provided
by the Joint Institute for Studies of Atmosphere and Ocean of NOAA and is available from:
http://research.jisao.washington.edu/pdo/.
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The Southern Oscillation Index (SOI) is the anomaly in the sea level pressure difference
between Tahiti (17°40' S 149°25" W) and Darwin, Australia (12°27'0" S 130°50'0" E). Itis a
measure of the large-scale fluctuations in air pressure occurring between the western and
eastern tropical Pacific (i.e. the state of the Southern Oscillation) and, as it represents the
changes in winds that set up El Niflo/La Nifia events, the ONI follows it quite closely. SOl is
provided by the NOAA'’s National Weather Service National Centers for Environmental
Prediction CPC and is available from: www.cpc.ncep.noaa.gov/data/indices/soi.

The North Pacific Gyre Oscillation (NPGO) is a climate pattern that emerges as the second
dominant mode of sea surface height (SSH) variability (2"¢ PC of SSH) in the Northeast Pacific.
The NPGO has been shown to be significantly correlated with fluctuations of salinity, nutrients
and chlorophyll-a from long-term observations in the California Current (CalCOFI) and Gulf of
Alaska (Line P) (Di Lorenzo et al. 2008). Monthly values of NPGO are available from:
http://www.03d.org/npgo/.
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8. WIND-DRIVEN UPWELLING/DOWNWELLING ALONG THE
NORTHWEST COAST OF NORTH AMERICA: TIMING AND
MAGNITUDE

Roy A.S. Hourston and Richard E. Thomson, Fisheries and Oceans Canada, Institute of Ocean
Sciences, Sidney, B.C., Roy.Hourston@dfo-mpo.gc.ca, Richard. Thomson@dfo-mpo.gc.ca

8.1. Highlights

e Based on the timing of alongshore currents and wind stress, the 2022 Spring Transition
timing was very late relative to the 1991-2020 mean. Late timing is associated with
below-average upwelling-based coastal productivity.

e Stronger-than-average summer-time upwelling-favourable winds are generally
associated with increased coastal productivity. Between 45° and 60° N, the magnitude of
upwelling-favourable winds in 2022 was below the 1991-2020 average during the warm
season. This also favoured below-average upwelling-based coastal productivity in 2022.

o The winter of 2021-2022 was characterized by below-average downwelling-favourable
winds, indicating that winter storm activity was below-normal over the winter overall.
Weaker winter storm activity implies weaker surface mixing, stronger stratification,
possibly lower productivity, and has been associated with marine heat waves the
following summer.

8.2. Description of time series

Spring and fall transition timing: The shift in spring from predominantly downwelling-favourable
poleward winds in winter to predominantly upwelling-favourable equatorward winds in summer
is referred to as the Spring Transition. The reverse process in fall is called the Fall Transition.
The alongshore winds drive a seasonal cycle in the alongshore surface currents over the
continental slope, from poleward in winter to
e met:;zo equatorward in summer. The Spring and Fall
Transitions for the Pacific coast are derived
using along-shore wind stress time series
from NCEP/NCAR Reanalysis-1 (Kistler et al.
2001), along-shore wind velocity from the
Environment and Climate Change Canada
meteorological buoy 46206, and the along-
shore current velocity at 35 and 100 m depth
at moorings A1 and EO03 (Figures 8-1 and 8-2;
Folkes et al. 2017; Thomson et al. 2013).
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Figure 8-1. Map of mooring locations. Upwelling Index: Because they drive offshore
surface Ekman transport and compensating
onshore transport at depth, the strength (duration and intensity) of upwelling-favourable
(northwesterly) winds are considered indicators of coastal productivity, e.g., Xu et al. (2019). To
gauge low-frequency variability in coastal productivity, we have summed upwelling-favourable-
only wind stresses by month along the West Coast of North America from 45°to 60° N latitude
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(Figure 8-3) using the NCEP/NCAR Reanalysis-1 analyses (Kistler et al. 2001) and subtracted
the 1991-2020 mean to derive the Upwelling Index.

Downwelling Index: Analogous to the Upwelling Index, the Downwelling Index is derived in the
same way but by only considering poleward (downwelling-favourable) wind stress (Figure 8-4).
Because this is typically stronger in winter as a result of storms tracking eastward across the
North Pacific, this index can reflect the strength of storms hitting the B.C. coast, a shift of storm
tracks closer or further away from the coast, a longer or shorter storm season, or some
combination of all three. The index also reflects the strength/weakness of wintertime vertical
mixing of the surface water column near the coast.
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Figure 8-2. (a) Time series depicting the Spring and Fall Transitions off the West coast of Vancouver Island in
2022. Wind stress at Reanalysis-1 grid point 49°N 126°W and meteorological buoy 46206; significant wave height
at 46206; along-shore current velocity at 35 and 100 m depth at mooring E03 (Folkes et al. 2017, Thomson et al.
2013). Positive flow is poleward (downwelling-favourable) and negative flow is equatorward (upwelling-
favourable). Vertical dashed lines show derived transition times using a cumulative sum approach (e.g., Foreman
et al. 2011). (b) The annual Spring and Fall Transitions derived from time series in panel a. (c) The length of the
upwelling and downwelling seasons derived from the time series in panel b.
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8.3. Status and trends
8.3.1. Spring and Fall Transition timing

In 2022, the Spring Transition timing was very late compared to the 1991-2020 mean (Figures
8-2 and 8-5), and the second latest since 1981. The 2022 Fall Transition appears near average,
although the lack of subsurface current data gives this assessment less confidence. Late Spring
Transitions are associated with below average productivity in plankton, fish, and birds, as was
particularly the case in 2005 (DFO 2006).

Over 2014-2020 the Fall Transition was trending later, such that the upwelling season was
getting longer — and the downwelling (storm) season was getting shorter (Figures 8-2(b) and
(c)). However, the late Spring Transition in 2022 resulted in a dramatic reset of the length of
upwelling and downwelling seasons.

8.3.2. Upwelling Magnitude: The Upwelling Index

The Upwelling Index time series indicates that upwelling-favourable wind stress was below
average over the 45°to 60° N latitude range over the 2022 warm season (Figures 8-3 and 8-5).
In contrast, February upwelling-favourable winds were much higher than average. No trends in
upwelling-favourable winds since 2013 are evident in Figure 8-3.
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Figure 8-3. Recent (2013 to 2022) monthly mean anomalies (relative to 1991-2020) of monthly sums of

alongshore upwelling-favourable (equatorward) wind stress from the NCEP/NCAR Reanalysis-1 coastal
surface wind stress grid locations, 45-60° N.
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Figure 8-4. Recent (2013 to 2022) monthly mean anomalies (relative to 1991-2020) of monthly sums of
alongshore downwelling-favourable (poleward) wind stress from the NCEP/NCAR Reanalysis-1 coastal
surface wind stress grid locations, 45-60° N.

8.3.3. Downwelling Magnitude: The Downwelling Index

Over the previous four winters from 2017-2018 to 2020-2021, the Downwelling Index was lower
than average, like the winter of 2013-2014, but not quite as low (Figure 8-4). This indicates
reduced wintertime surface mixing near the coast and is usually associated with higher surface
temperatures the following summer, such as the marine heatwave conditions observed in 2014
and 2019. Over winter 2021-2022, the index was again below average, and was followed by
higher than average sea surface temperatures in summer 2022. So far over the winter of 2022-
2023, the index has again been lower than average through January 2023, except for being
slightly positive in December 2022.

8.4. Factors influencing trends

The reason why the Fall Transition may be occurring later over the last 10 years is unknown.
While the Upwelling and Downwelling indices were higher than average over the ten year period
2000-2010 (indicating a period of consistently both stronger summertime and wintertime winds),
the Downwelling Index had been lower than average over the period 2012-2020 and 2022 north
of 50° N, excluding 2015-2016. This indicates weaker winter storms, or a shorter winter storm
season, or winter storms that are tracking further to the northwest, away from the B.C. coast, or
some combination of these three factors. The significantly weaker-than-average Downwelling
Index in the winter of 2013-2014 was an accurate indicator of the weaker than average
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wintertime winds associated with the marine heatwave that year (Bond et al. 2015), and is likely
also the case for 2019, 2020, and possibly 2021.

Spring & Fall Transition Timing and Upwelling-Favourable Wind Magnitude
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Figure 8-5. Annual Spring and Fall Transition Timing and March-November upwelling-favourable wind stress
magnitude for the period 1980-2022.

8.5. Implications of those trends

The onset of seasonal upwelling that accompanies the Spring Transition varies from year to
year (Thomson et al. 2014). This interannual variability may have implications related to the
amount of winter ocean surface mixing, increased stratification, and productivity. In years such
as 2005 and 2010, when the Spring Transition was relatively late, marine coastal productivity
across trophic levels, ranging from plankton to fish to birds, was generally average to below-
average, and was particularly poor in 2005 (DFO 2006). In years when the spring transition
timing was average to early, such as 1999 and 2014, productivity was generally average to
above-average (cf. Chandler et al. (2015) reports on outer B.C.). The 2022 Spring Transition
timing was very late, favouring below-average upwelling-based coastal productivity. Between
45°and 60° N, the magnitude of upwelling-favourable winds in 2022 was below average, also
favouring below-average upwelling-based coastal productivity. Recent years of a weaker-than-
average Downwelling Index are associated with, and may be precursors to, future marine
heatwave events.
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9. VANCOUVER ISLAND WEST COAST SHELF BREAK CURRENTS,
TEMPERATURES, AND WIND STRESS

Roy A.S. Hourston and Richard E. Thomson, Fisheries and Oceans Canada, Institute of Ocean
Sciences, Sidney, B.C., Roy.Hourston@dfo-mpo.gc.ca, Richard. Thomson@dfo-mpo.gc.ca

9.1. Highlights

o Water temperatures were below average through early 2022 at the surface at weather
buoy 46206 and at depth at mooring EO3 off the west coast of Vancouver Island. There
were no temperature data from the weather buoy and mooring for the remainder of the
year.

e Alongshore flow at mooring EO03 in 2022 was anomalous and strongly equatorward
(upwelling-favourable) in February and March for the fifth year in a row. This was
concurrent with below-average equatorward wind stress at buoy 46206 and lower than
average water levels at Tofino arising from a weaker than normal Aleutian Low pressure
system in the Gulf of Alaska.

¢ InJune 2022, a weaker than average North Pacific High surface pressure system led to
significantly higher than average coastal water levels as well as significantly more
poleward than average shelf-break wind stress and subsurface currents.

9.2. Description of the time series

Subsurface temperatures and current velocities at the shelf break have been observed at
mooring E03 (water depth ~400 m; Figure 9-1) since 1990, although there is a data gap
between 2006-2020. Nearby meteorological buoy 46206 has provided sea surface temperature
at 80 cm depth and wind velocity time series at 5 m elevation since 1988. Water level has been
observed at Tofino since 1963. We have combined these series to obtain the vertical structure
of water level, temperature, and flow through the water column.

9.3. Status and trends

51°N

Water temperatures at the surface were
below average through early 2022, until
buoy 46206 failed in April (Figure 9-2, left).
Subsurface temperature data are only
available from mooring E03 at 400 m depth
and they were also below average early in
the year, although not more than one
standard deviation below the long-term
mean. There are no data at depth after July
2022 until the mooring is recovered in

Figure 9-1. Locations of mooring E03, meteorological summer 2023.
buoy 46206, and water level at Tofino.
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Figure 9-2. Daily mean values of temperature (left panels) and water level and alongshore wind stress/ocean current (right panels) at the surface, 35 m, 100 m,
and 175 m depth from meteorological buoy 46206 and mooring E03. Angle in brackets (°T) is the principal direction of the wind or current vector in degrees true
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Figure 9-3. Monthly anomalies of temperature (left panels) and water level and alongshore wind stress/ocean current (right panels) at the surface, 35 m, 100 m,
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The monthly mean water levels, alongshore surface winds and currents were generally near
average (Figure 9-2, right). However, flow was consistently and anomalously strongly
equatorward (upwelling-favourable) in February-March for the fifth straight year. Lower than
average water levels were associated with southward flow early in the year. In June water levels
and flow were significantly higher and the current more poleward than average due to a weaker
North Pacific High surface pressure system. There are no weather buoy data after April due to
equipment failure and no subsurface mooring data after July until the mooring is recovered in
summer 2023.

Temperature anomalies were positive during the marine heatwave and El Nifio over 2014-2016
(Figure 9-3). Positive temperature anomalies reappeared in 2019 at the surface but there were
no data at other depths. For water level and alongshore flow, positive anomalies have typically
occurred during El Nifo years (Figure 9-3). This is likely due to stronger large-scale surface
atmospheric circulation features (Aleutian Low and North Pacific High) associated with El Nifio
events. Stronger poleward flow may also have been due to an eastward shift of winter storm
tracks toward the coast. For the fifth year in a row, conditions along the coast in 2022 consisted
of anomalously strong equatorward (upwelling-favourable) flow in February/March. This
reflected a recurring stronger and more northward-shifted North Pacific High atmospheric
circulation system early in these years (2018-2022). Why this is recurring is unknown.

Higher temperatures and water levels, as well as enhanced poleward flow were also observed
during the strong 1997-1998 EI Nifio (Figure 9-3). While flow now appears to be more
equatorward (or weaker poleward) than average, temperature anomalies are near average at
the surface compared to recent years. A lack of recent observed subsurface temperature
anomalies prevents their assessment. Water level appears to be near the long-term average at
time of writing.

There do not appear to be long-term trends in surface and subsurface temperatures and
currents on the shelf or shelf break on the west coast of Vancouver Island over 1990-2022, but
the recent large gap in subsurface data make that assessment for subsurface conditions
uncertain at best. Mean water levels at Tofino also do not appear to exhibit a long-term trend.

9.4. Factors influencing trends

Although long-term trends do not appear evident, the strong El Nifio of 2015-16 and recent
years with increased occurrences of marine heatwaves are reflected in higher-than-average
ocean temperatures at the surface and at depth (Hourston and Thomson, 2022). Weaker than
average poleward flow in winter is also associated with marine heatwaves. This in turn reflects
weaker storm activity and/or storm activity shifting westward and/or a stronger winter North
Pacific High. Strong El Nifios like that of 2015-2016 are associated with enhanced poleward
flow in winter which was evident over the 2015-2016 winter (Hourston and Thomson, 2022).

9.5. Implications of those trends

Recent El Nifio and marine heatwave events have been associated with significant departures
from average ocean surface and subsurface temperatures and currents. However, conditions
returned to average a year or two after these events. The most recent observations indicate that
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conditions are near average, and that no long-term trend is occurring. If these types of events
increase in frequency in the future, they could impact long-term trends.
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10. SEA SURFACE TEMPERATURE AND SALINITY OBSERVED
ALONG THE B.C. COAST IN 2022

Sebastien Donnet, Peter Chandler and Patrick Cummins, Fisheries & Oceans Canada, Institute
of Ocean Sciences, Sidney, B.C. sebastien.donnet@dfo-mpo.gc.ca

10.1.

Highlights

Sea surface temperatures were marginally lower in 2022 than in 2021 (-0.1°C) coast-
wide and significantly lower than in 2015 (-1.2°C).

The number of marine heat waves experienced were similar to 2021 in the Salish Sea
(4) and West Coast (1) but might have been higher along the North Coast (3 vs. 0
observed at one station). Overall, a warm late summer and fall occurred in 2022 while
2021 had warmer spring and early summer.

Sea surface temperatures show a continued long-term warming trend of 0.9°C / 100y
with the last ten years all above the long-term mean.

Annual mean sea surface salinity observations showed no change from 2021 to 2022
coast-wide (28.4).

Over the long-term, a coast-wide freshening in the order of 0.2 / 100y was found.
However, there is important year-to-year variability, as well as variability across regions.

Description of the time series

Langara Point Years|% good|% good

Station of |Alltime| 2022
Bonilla Island data
Mclnnes Island Departure Bay| 108 87 86
Race Rocks | 101 97 98
Eyi send Nootka 88 | 58 36
Amphitrite 88 96 96
Kains 87 95 25
Langara 86 91 87
Entrance 86 96 82

Pine Island 85 95 80
Mcinnes 68 94 92

Bonilla 62 98 99
Chrome 61 97 75
Egg Island 52 90 66
AVERAGE 81 91 77

Figure 10-1. Red dots with black centers show
the locations of 12 shore stations. See table
above for details.

As part of the British Columbia Shore Station Oceanographic Program, sea surface temperature
(SST) and sea surface salinity (SSS) are measured daily at 12 shore stations, with the sampling
taken at the first daylight high tide. Most stations are at lighthouses (Figure 10-1) with
observations made by lighthouse keepers using a handheld electronic instrument (YSI Pro 30).
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Records have been collected at two-thirds of the stations for over 80 years and for at least 50
years at the remaining stations, making this dataset particularly valuable to the study of long-
term trends, as well as climate variability and changes. These datasets are amongst the longest
series of this kind worldwide. Data coverage is over 90% on average but varies from year to
year and site to site. There was, however, below average data collected during 2022, mostly
due to poor coverage at two of the 12 stations. There was an instrument failure that could not be
addressed quickly (Nootka) and a staffing issue at one lighthouse (Kains). For the others, most
of the missing data was due to poor weather conditions and/or poor data quality. Overall, the
average coverage for 2022 was 77% with only 3 stations above the 95% mark.

10.3. Status and trends

The observations show that the annual average daily SST at all stations was marginally cooler
in 2022 than in 2021, with a coast-wide mean decrease of 0.1°C (10.4°C vs 10.5°C,
respectively). Overall, annual temperatures observed at each station in 2022 and 2021 were
close to each other as well as to the mean calculated over the 1991-2020 period (Figure 10-2,
upper panel). The coast-wide SST in 2022 was therefore much lower than conditions observed
in 2015 during the marine heatwave known as “the Blob” (11.6°C, annual average coast-wide).
Regionally, the Salish Sea stations exhibited warmer temperatures than the West coast stations
(11.8°C vs. 10.6°C in 2022), which in turn were warmer than the North coast stations (10.6°C vs.
9.6°C in 2022).

With respect to salinity (Figure 10-2, lower panel), the 2022 coast-wide annual average was
found to be the same as in 2021 with a value of 28.4 based on the stations with sufficient data
coverage during these last two years (a 66% minimum coverage per year and per station was
used). This is markedly lower than the annual mean of 29.4 calculated over 1991-2020. An
important part of this difference can be attributed to the absence of five stations which did not
pass the coverage criteria and which are all (Race Rocks, Kains, Pine and Langara) but one
(Nootka), located in areas of relatively high SSS. These annual means are, therefore, skewed
towards lower SSS values. Race Rocks and Pine stations stand out from the 1991-2020
observed range in 2022; the former being slightly saltier than the annual maximum observed
while the latter was slightly fresher. Regionally, two of the three stations located in the Salish
sea showed fresher conditions in 2022 than in 2021 (Departure and Entrance) while Chrome
reported saltier conditions. Along the West Coast, only one station reported enough
observations and experienced an increase in SSS of 0.7 between 2021 and 2022 (from 28.1 to
28.8). Along the North Coast, three stations showed little difference between 2022 and 2021
and the normal; Langara, however, the northernmost station located offshore the mainland,
reported notably saltier SSS conditions than normal for both 2021 and 2022.

Assuming a linear change over the entire data record (1935-present) the time series of
temperature at all of the shore stations (combined) indicate a warming trend in the order of
0.9°C over 100 years (Figure 10-3). Similarly, a coast-wide freshening in the order of 0.2 per
100 years was found based on combining all of the shore station (Figure 10-4). These estimates
vary from site to site and are very sensitive to the period used for the analysis.

Cummins and Masson (2014, henceforth CM14) analyzed trends for 8 of the 12 stations. This
analysis has been revisited with the benefit of an additional 10 years of data. Least-squares
trends are presented in Tables 10-1 and 10-2 for SST and SSS, respectively. In addition,
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independent estimates of trends are given based on the Thiel-Sen estimator. For comparison,
previous results from CM14 are included as well in the tables. Confidence intervals were
calculated using a Monte Carlo method based on the auto-covariance of the de-trended SST
and SSS records (see Appendix A of Cummins and Ross 2020).

The linear fits to SST indicated warming trends at each of the eight stations, consistent with the
previous results. All these trends were statistically significant at the 95% confidence level, a
finding not seen in the earlier analysis. Trends of remarkably similar magnitude (approx. 0.8 -
0.9 °C/century) were found at the four stations most exposed to the open Pacific (Race Rock,
Amphitrite, Kains, Langara). Stations located in more protected waters, particularly those within
the Strait of Georgia (Entrance and Chrome), displayed larger trends, as also found in CM14.
The very large trend at Chrome was an artifact of the shorter record available at this station;
comparable results were obtained for Entrance (2.1+1.1°C/century) with the analysis period
restricted to 1961-2022. Lastly, it should be noted that trends from the Thiel-Sen estimator are
similar to those based on least-squares fits, indicating that the results are robust with respect to
the methodology applied to estimate trends.

In contrast to temperature, trends in surface salinity were not consistent across all the stations.
There was a statistically significant freshening trend at Amphitrite, as found previously by CM14
and Freeland (2013), and also at Pine. The record of salinity at Langara was not considered in
CM14 as its time series was considered suspect due to the dominance of a pronounced low
frequency variability unlike any seen at the other stations. It is unclear if this reflects true ocean
variability or if it is an artifact of the sampling location. Salinity records for the two stations in the
Strait of Georgia were highly correlated with the discharge of the Fraser River (CM14), and
displayed no significant trend.
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Figure 10-2. Upper panel. Annual average SST in 2021 (black dots) and 2022 (black triangles) from daily
observations at shore stations along the west coast of Canada. The area is divided in three, geographycally distinct,
regions (Salish Sea, West Coast and North Coast). Two stations lie at the periphery of these regions: Race Rocks
and Pine and may be subject to distinct oceanographic regimes. The green stars represent the new climatological
mean computed over the 1991-2020 period (30 years). Blue and red dots represent the minimum and maximum
annual means observed within this climatology, respectivelly. Lower panel illustrate similar statistics using SSS data.
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25 Sea Surface Temperature Anomalies at BC Shore Stations
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Figure 10-3. Trend in annual SST based on the observations of all lighthouses (black line). The bars represent
the anomalies averaged over all stations (a coast wide indicator), (red — above average, blue — below average),
the vertical grey lines show the variability (standard deviations) in the lighthouse data for each year (1935-2022).
Important El Nifio Southern Oscillation (ENSO) phases are indicated above as red (El Nifio warm anomaly) and
blue (La Nifia cold anomaly) circles and dots (strong phase).

Table 10-1. SST trends based from Cummins & Masson (2014) and updated analysis. To allow comparison with
Amphitrite and Kains, the trend at Race Rocks was given for the period 1935-2022. The least-squares trend for the
entire record (Feb 1921 — Apr 2022) was 0.81 °C/century. To avoid a 30-month data gap (Sept 1937 - Feb 1940), the
95% confidence interval was calculated based on the abridged record, Mar 1940 - Apr 2022. The least-squares trend
for this abridged record was 0.88 °C/century, similar to that of the entire record (0.86 °C/century). To avoid the
extended data gaps occurring near the end of record, the 95% confidence interval was based on an abridged record,
May 1936 - Dec 2019. The least-squares trend for the abridged record was 1.28 °C/century, similar to that of the
entire record (1.29 °C/century).

Cummins & Masson (2014) results Updated analysis
Station C&M analysis period Least-squares trend in °C/century  Analysis time period Least-squares (Thiel-Sen) trend in °C/century
Race Rocks Jan 1942 - Dec 2012 1.39+0.68 Jan 1935 - Apr 2022* 0.87 (0.92) £ 0.58
Amphitrite Point Jan 1935 - Dec 2012 0.71+0.53 Jan 1935 - Apr 2022 0.89 (0.90) £ 0.36
Kains Island Jan 1935 - Dec 2012 0.43+0.74 Jan 1935 - Apr 2022 0.78 (0.79) £ 0.62
Langara Island Jan 1940 - Dec 2012 0.75+0.86 Oct 1936 - Mar 20222 0.86 (0.86) + 0.64
Entrance Island Jan 1937 - Dec 2012 1.32+0.96 May 1936 - Mar 2022} 1.29(1.28) £ 0.87
Chrome Island Jan 1963 - Dec 2012 3.38+0.91 Apr 1961 - Apr 2022 2.62(2.59) £ 1.01
Pine Island Jan 1937 - Dec 2012 0.74 +£0.81 Jan 1937 - Apr 2022 1.27 (1.18) £ 0.70
Bonilla Island Jan 1960 - Dec 2012 0.72+0.95 Apr 1960 - Apr 2022 1.09 (1.00) £ 0.56
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25 Sea Surface Salinity Anomalies at BC Shore Stations
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Figure 10-4. Trend in annual SSS based on the observations of all lighthouses (black line). The bars represent
the anomalies averaged over all stations (a coast wide indicator), (red — above average, blue — below average),
the vertical grey lines show the variability (standard deviations) in the lighthouse data for each year (1935-2022).
Important El Nifio Southern Oscillation (ENSO) phases are indicated above as red (El Nifio warm anomaly) and
blue (La Nifia cold anomaly) circles and dots (strong phase).

Table 10-2. SSS trends based from Cummins & Masson (2014) and updated analysis. To avoid the extended data
gaps occurring near the end of record, the 95% confidence interval was based on an abridged record, May 1936 -
Dec 2019. The least-squares trend for both the abridged record and the entire record was 0.44 century.

Cummins & Masson (2014) results Updated analysis
Station C&M analysis period Least-squares trend in century”  Analysis time period  Least-squares (Thiel-Sen) trend in <:entur3[1
Race Rocks Jan 1942 - Dec 2012 -0.38 £0.53 Jan 1942 - Feb 2022 -0.19 (-0.20) £ 0.38
Amphitrite Point Jan 1935 - Dec 2012 -0.82 +£0.57 Aug 1934 - Apr 2022 -0.69 (-0.64) + 0.48
Kains Island Jan 1935 - Dec 2012 -0.47 £0.54 Jan 1935 - Apr 2022 -0.29 (-0.30) £ 0.52
Entrance Island Jan 1937 - Dec 2012 0.70+1.38 May 1936 - Mar 2022° 0.44 (0.49) £ 1.40
Chrome Island Jan 1963 - Dec 2012 0.43+1.56 Apr 1961 - Apr 2022 0.02 (0.03) £ 1.26
Pine Island Jan 1937 - Dec 2012 -0.66 + 0.42 Jan 1937 - Apr 2022 -0.52 (-0.53) £ 0.43
Bonilla Island Jan 1960 - Dec 2012 0.14+0.76 Apr 1960 - Apr 2022 -0.18 (-0.05) £ 0.72

10.4. Factors influencing trends

Ocean temperature is an important environmental indicator because it influences physical
processes such as circulation and mixing, chemical processes such as deoxygenation, and the
condition and behaviour of species that live in the ocean. Sea surface temperature (SST) is an
effective indicator of long-term change because direct observations have been made for many
decades and on a nearly global and regular way in recent decades with satellite sensors,
autonomous monitoring platforms, and other technical advances. The amount of data included
in SST analyses continues to expand.

Although SSTs were notably warmer during the marine heatwave of 2014-16, conditions in 2022
continue the period of warmer than normal water (where normal is defined as the average on
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the long-term SST record starting in 1935). This warm water period has lasted for ten years, the
longest span of above normal temperature in the time series. While the record shows multi-year
and multi-decadal oscillations in the annual SST, there remains a long-term trend towards rising
ocean temperatures.

The long-term salinity records show a trend to fresher conditions at most stations along the B.C.
Coast. However, in comparison with temperature, salinity trends have greater uncertainty due
to higher spatial and temporal variability. Variability in the salinity signal along the Pacific Coast
is governed by the integrated effects of atmospheric forcing and local coastal precipitation; the
Strait of Georgia is strongly influenced by the discharge from the Fraser River (CM14).

10.5. Implications of those trends

There is growing interest in determining the predictability of the physical processes of the North
Pacific Ocean, including associated biological responses, on time scales of months to years.
The models that are being used for this are similar to those used for climate change studies.
The process of developing, evaluating, and improving forecast systems can provide important
insights into the key processes controlling physical, chemical, and biological ocean properties. It
remains an open question whether the extent to which the ecosystem will respond to a slow
warming will resemble those that were associated with the recent marine heatwaves. The
impacts of these changes will depend on the time and space scales relevant to organisms.
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11. SATELLITE MONITORING OF SEA SURFACE TEMPERATURE
AND CHLOROPHYLL-A IN 2022

Andrea Hilborn, Lu Guan and Charles Hannah, Fisheries and Oceans Canada, Institute of
Ocean Sciences, Sidney, B.C., andrea.hilborn@dfo-mpo.gc.ca, lu.guan@dfo-mpo.gc.ca,
charles.hannah@dfo-mpo.gc.ca

11.1. Highlights

e Satellite sea surface temperature (SST) throughout the study regions within the B.C.
EEZ was lower than usual during the spring of 2022. Peak summer temperatures were
delayed to September, a month later than typical. Cooling was delayed in late summer
and autumn, particularly during the month of October, coinciding with an extensive
Marine Heatwave in the Northeast Pacific.

¢ More than half of the examined regions exhibited seasonally increasing SST trends
during summer. The large offshore Area of Interest (ThT) had the highest magnitude,
and a location in eastern Hecate Strait had the lowest.

e Satellite-measured chlorophyll-a concentration (Chl-a) and its monthly variability were
higher than usual in regions on the continental shelf during the late summer and fall.
Many on-shelf regions had elevated Chl-a in spring that occurred a month earlier than is
typical in the climatology.

11.2. Description of the time series

Satellite-measured sea surface temperature (SST, °C) and chlorophyll-a (Chl-a, a proxy used to
estimate phytoplankton biomass in mg m=) were retrieved for the period 2003 through 2022
from the MODerate Resolution Imaging Spectroradiometer (MODIS-Aqua) at 4 km pixel
resolution. The NASA Ocean Biology Processing Group (OBPG,
https://oceancolor.gsfc.nasa.gov/) standard products were used, where night-time SST was
calculated from the 11 and 12 micron bands (https://oceancolor.gsfc.nasa.gov/atbd/sst/), and
Chl-a was calculated using the combined blue-green band ratio and Colour Index algorithms
(https://oceancolor.gsfc.nasa.gov/atbd/chlor _a/). SST was also retrieved from the NOAA
Advanced Very High Resolution Radiometer (AVHRR) Pathfinder series, which extends back to
late 1981 (v5.3; https://www.ncei.noaa.gov/access/metadata/landing-
page/bin/iso?id=gov.noaa.nodc:AVHRR Pathfinder-NCEI-L3C-v5.3).

Temporal statistics were extracted for regions of interest in the British Columbia Exclusive
Economic Zone (B.C. EEZ) and are summarized in Figure 11-1 a. and Table 11-1. These
regions include Oceans Act marine protected areas (MPAs): Hecate Strait/Queen Charlotte
Sound Glass Sponge Reefs (with the northern section presented here; SRN), SGaan Kinghlas-
Bowie Seamount (SK-B), and the recently announced Tang.ewan — ha¢x"iqak — Tsigis (ThT;
https://www.dfo-mpo.gc.ca/oceans/aoi-si/tht-eng.html). Other areas included Scott Islands
marine National Wildlife Area (SI), Gwaii Haanas National Park Reserve, National Marine
Conservation Area Reserve and Haida Heritage Site (the western and eastern sections; GHW
and GHE). Three oceanographic stations, Mason53, EO1 and A1, were also included, where
data were extracted for a 5x5 pixel box centered on the location. Statistics for other significant
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regions, including the Endeavour Hydrothermal Vents MPA, are not presented here but are
located online at https://ios-osd-dpg.github.io/ SST_Chla_Report.html.

For all areas, time series for each month and season (e.g. winter constituting the months of
January, February and March) were extracted, along with the monthly climatological values. For
SST, the mean, standard deviation and upper and lower 10 percentiles are presented, using the
1991-2020 climate normals period for climatology. For Chl-a, the geometric mean and standard
deviation are presented to more accurately represent the average, using the shorter period
2003-2021 for the climatology. November, December and January images were excluded from
the Chl-a dataset due to the low sun angle causing higher uncertainty in the measurements and
limiting the spatial data coverage. Finally, a linear model and significance of fit were retained for
the regional seasonally averaged SSTs.

11.3. Status and trends

Chl-a has been low climatologically, as well as in 2022, in the regions off the continental shelf
(Figure 11-1 c.). Of the on-shelf regions, E0O1 demonstrated the most dynamic inter-annual
variations in Chl-a; Chl-a at A1 was typically much lower, though it is located < 100 km to the
southeast. A characteristic of 2022 throughout the regions and stations was higher autumn Chl-
a occurring later than usual, particularly compared to 2021, which more closely followed the
climatological means. For example, Chl-a in 2022 was 1 standard deviation higher in SRN
during September, and similarly elevated nearby in GHE during September and October. In
addition, multiple areas, including Mason53 and GHE, showed high variation of Chl-a in April
rather than May, suggesting that the phytoplankton spring bloom occurred earlier than usual.
However, Chl-a measures from April 2022 have higher associated uncertainty due to a MODIS-
Aqua data outage from April 15t to 17™". A similar pattern was observed at E0O1 and A1, where
the Chl-a and its standard deviation were higher in March instead of the usual April. This
supports the idea that the bloom was early.

Overall SSTs were cooler than usual in the winter and spring, particularly in the regions on the
southern continental shelf (e.g. ThT, EO1 and A1), then anomalously warm in the autumn
(Figure 11-1 c.). Typically, warmest temperatures are reached in August throughout the regions
examined, but the seasonality was delayed in 2022 with the majority (SK-B, GHW, ThT, EO1
and A1) reaching their warmest monthly temperatures in September. October was a very
unusual month, with SSTs exceeding the 90" percentile of the climatology in many areas,
coinciding with an extensive Marine Heatwave (MHW) in the NEP. GHE (one of the stations that
did not have unusually high October SST) had higher than usual SSTs during August. Maps
showed that the spatial extent of high SSTs (> 2°C anomaly) was largely constrained along the
east coast of Haida Gwaii between Sandspit at the north and Laskeek Bay at the south end.

Seasonal trend analysis revealed statistically significant increases in SST in many regions
during summer. The magnitudes varied but were typically larger in the satellite data record
compared to SST trends seen at lighthouses along the B.C. coast (Chandler 2015), so will be
examined further in future work. The largest trends occured in the ThT region, while GHE,
Mason53, EO1 and A1 did not exhibit trend in any season.
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11.4. Factors influencing trends

A characteristic of 2022 was the presence of sustained offshore Marine Heatwaves (MHWSs) in
the Northeast Pacific, causing SST in many regions (Mason53, GHW, SI, and ThT) to exceed
the upper 90" percentile of their climatological SSTs during the month of October. As detailed in
the California Current Marine Heatwave Tracker
(https://oceanview.pfeg.noaa.gov/projects/mhw/latest), a large offshore MHW formed in late
January, followed by a secondary MHW in late August. The area under MHW status (typically
defined as SSTs above the 90" percentile / 1.29 standard deviations in a normal distribution;
Hobday et al. 2016) remained outside the B.C. EEZ for much of the first half of 2022, where the
waters throughout were generally cooler than usual. Beginning in late August most of the B.C.
EEZ fell under MHW status with varying intensity until late October. This was reflected in the
satellite SSTs, as well as surface temperature measurements from buoys and lighthouse station
data (see also: Donnet et al. Section 10, and https://github.com/IOS-OSD-

DPG/Pacific SST NRT Monitoring).

11.5. Implications of those trends.

Recently, Tanaka and Houtan (2022) demonstrated that > 7% of the North Pacific has been in
MHW status in the last decade; similarly, the frequency, duration and intensity of MHWSs globally
are increasing due to anthropogenic climate change (Laufkétter et al. 2020; Hobday et al. 2018).
In B.C., warming of the surface ocean has been observed in the long-term (Chandler 2015;
Cummins and Masson 2014). Recent years have been under La Nifia conditions, which tend to
be cooler (as mentioned further in Section 12). The El Nifio Southern Oscillation (ENSO) is
forecasted to transition to neutral conditions during spring and summer of 2023, with
significantly rising probabilities of transitioning to El Nifio conditions following March 2023
(https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/?enso_tab=enso-
cpc_plume). Given this information, we expect SSTs on the B.C. shelf will likely follow
climatological values for winter and spring of 2023, but there is an increasing probability of
warmer conditions later in the year. In the offshore portion of the B.C. EEZ the return of MHWs
in 2023 is highly likely given the persistently warm water in the NEP outside the EEZ.

Warmer SSTs add pressures to the ecosystem; in terms of phytoplankton, MHWs can lower
primary production, and contribute to Harmful Algae Bloom events (Crozier 2015). Ongoing
monitoring of the timing and magnitude of phytoplankton blooms is an important part of
understanding changes to the ecosystem and impacts of climate change.
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Table 11-1. Region and station names and abbreviations, with statistically significant summer trends indicated as

decadal values with slope standard error.

Region ID Summer SST Trend
(°C per decade)
A1 A1 -
EO1 EO1 -
Gwaii Haanas National Park Reserve, National Marine GHW (West) 0.25+0.12
Conservation Area Reserve and Haida Heritage Site
(West and East regions) GHE (East) -
Hecate Strait/Queen Charlotte Sound Glass Sponge
Reefs Marine Protected Area (North region only) SRN (North) 023+0.10
Mason53 Mason53 -
Scott Islands marine National Wildlife Area Sl 0.29 + 0.09
SGaan Kinghlas-Bowie Seamount Marine Protected Area SK-B 027 +0.13
Tang.ewan — hacxwigak — Tsigis Marine Protected Area ThT 0.36 £ 0.10
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Figure 11-1. a. Map of the stations (red points) and regions (orange outlines included in this report) used within the
B.C. EEZ. b. SST climatology of the regions, with 2022 plotted on top (black points with bars indicating standard
deviation). c. Chl-a climatology indicated in the same manner as SST, but with geometric mean and geometric
standard deviation ranges. Dotted lines indicate upper and lower 10-percentiles.
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12. SUBSURFACE OCEAN CONDITIONS ON THE B.C. SHELF: THE
B.C. SHELF MOORING PROGRAM

Charles Hannah, Cynthia Bluteau, Dave Spear, Stephen Page, Andrea Hilborn, Fisheries and
Oceans Canada, Sidney, B.C., Charles.Hannah@dfo-mpo.gc.ca,Cynthia.Bluteau@dfo-
mpo.gc.ca, David.Spear@dfo-mpo.gc.ca, Stephen.Page@dfo-mpo.gc.ca, Andrea.Hilborn@dfo-

mpo.gc.ca
12.1. Highlights
e The B.C. Shelf Mooring Program has maintained 8-12 instrumented moorings on the

B.C. shelf since 2016. It also maintains a 30+ year mooring record on the inner
Vancouver Island shelf.

¢ With moorings in 3 marine protected areas in the northern shelf bioregion, the program
could be the backbone of a monitoring programme for the region’s MPA Network.

e The B.C. shelf has been recovering from the Blob (2014-2016) since about 2018, with
decreasing subsurface temperatures at most locations (40 m and 100 m depth). This
cooling may have ended in 2022.

e The oxygen concentration of the annual minimum at 40 m depth in the mouth of Queen
Charlotte Sound has been increasing since the fall of 2017.

¢ On an annual cycle, the water column becomes largely isothermal down to at least 75-
100 m over most of the shelf by winter (Dec/Jan/Feb). Thus satellite sea surface
temperature (SST) can provide information about subsurface temperatures for a few
months of the year. December 2022 was colder than the 30-year climatological averages
across the entire shelf, with the largest anomalies of about 1-2 °C in Hecate Strait and
the central coast.

12.2. Description of the time series

The B.C. Shelf Mooring Program has maintained an expanding array of instrumented moorings
along the B.C. continental shelf starting in 2016 (Figure 12-1). Measurements at all locations
include temperature, salinity, dissolved oxygen at multiple depths, and water velocity through
the water column. Measurements of marine sound are available at some mooring locations.
Moorings are recovered and redeployed on an annual basis.

The goal is to maintain an array of moorings from Juan de Fuca Strait to Dixon Entrance,
subject to operational constraints. A keystone mooring, Scott2, has been kept in 300 m of water
north of the Scott Islands since 2016. Other moorings of note are EO1 (Estevan Point), Hak1
(Hakai Pass), SRN1 (Sponge Reef North), Juan2 (Juan Perez Sound), and Chat3 (Chatham
Sound). The program inherited the long time series (30+ years) at EO1 and A1 at the southwest
corner of the Vancouver Island shelf (Figure 12-1). EO1 continues to be maintained. A1 was
abandoned in 2021 after the mooring was hit and cut by mid-water trawls three times in four
years. E03 is a temporary replacement location until a plan to re-establish A1 is developed.
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12.3. Status and trends

The longest mooring record is at EO1
(Estevan Point) on the inner Vancouver
Island shelf where data goes back to the
1980s. Figure 12-2 shows the temperature
at four depths from July 2009 to July 2022.
The Blob (2014-2016) is evident in the
warm satellite sea surface temperatures in
the fall and winter of 2014-15 and 2015-16
by the increase in the annual minimum
SST. The annual minimum at 35 m
increased in the winter/spring of 2016. The
annual minimum near the bottom (75 m
and 90 m) appeared to increase in winter
2017/18. There were instrument problems
Depth (m) 00 300 2000 A0 0 that year, which created data gaps. From

. 191 The location of th Jinst ation f 2018 to 2021, there was a decrease in the
igure 12-1. The location of the moored instrumentation for . -

the period July 2022 to July 2023. The Canadian Exclusive  2u@l maximum and minimum _
Economic Zone is shown in blue, along with the various Femperature in the Yvater column. The. big
existing and proposed Marine Protected Areas in grey. increase observed in the annual maximum

temperature in the fall of 2021 seems to
signal the end of the declining trends.

The declining trend in the annual
' maximum temperature at 40 m is
evident more broadly across the
shelf (Figure 12-3). The data also
suggest a decline in the annual
maximum and minimum at 100 m
(Figure 12-3), but the limited data
before July 2019 precludes definitive
statements.
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depths: the surface (satellite SST), 35 m, 75, and 95 m.
concentration increase observed at
40 m depth between 2017 and 2022. This trend is also present for dissolved oxygen saturation.
Thus, this trend is not simply a function of the decreasing annual minimum temperature. Near
the bottom, at 280 m, the oxygen time series has a substantial seasonal cycle with a typical
peak-to-trough range of 1 ml/l. In the summer, the oxygen often drops below the hypoxia limit of
1.4 ml/l. In the spring and summer of 2022, the deep oxygen went much lower than in previous
years. The CTD calibration cast during mooring recovery showed near-bottom oxygen values of

54



Depth 40 m

121

10

chat3 42 m
sn140 m
scott2 40 m
e01 3‘5 m

Temperature [°C]

Depth 100 m

T

chat3 no data
srn1102m
scott2 100 m
0193 m

Temperature [°C]

6 L I I I I I

Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21

Jan-22

Figure 12-3. Subsurface temperature (40 m and 100 m) at four locations, E01,
Scott2, SRN1, and Chat3, along the B.C. continental shelf. Notable features

include the decline in annual maximum and minimum temperatures at 100 m
from Jan 2018 to July 2021 and the decline in annual minimum temperatures at

40 m over the same period.
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Figure 12-4. Dissolved oxygen time series at Scott2 mooring. The notable
feature is the annual minimum concentration increase at 40 m depth from the
fall of 2017 to the fall of 2022. This trend is also present for dissolved oxygen

saturation. Thus, this trend is not simply a function of the decreasing annual

minimum temperature.
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about 1.35 ml/l, which is low
but not as low as the moored
instrument value. Further
investigation is required to
determine whether the very
low values are signal or
instrument error.

The winter and fall storms
lead to isothermal conditions
down 75 or 100 m at most
shelf locations— for example,
the data at EO1 in Figure 12-
2. Therefore, the satellite
SST can be a valuable proxy
to assess subsurface
temperature conditions
during the winter months.
The data is available back to
1982. January 2022 was
colder than average by
typically less than 0.5 °C.
December 2022 was also
colder than usual, with 1-2
°C anomalies in Hecate
Strait, along the central
coast and the Vancouver
Island shelf (Figure 12-5).
SST anomalies off the north
end of Vancouver Island
were between 0.5-1 °C.

12.4. Factors influencing
trends

In the open northeast
Pacific, the Blob (Bond et al.
2015) disappeared as a
surface feature in 2106 but
persisted at depth into 2018
(Ross et al. 2023). On the
shelf, the warm water from
the Blob was evident in
Rivers Inlet until at least June



December 2022 SST Anomaly
Ol Climatology from 1991-2020

2018 (Jackson et al. 2018). We interpret
the declining temperatures from 2017
through 2021 as the signature of the
recovery from the Blob (2014-2016), aided

Anema ¢ by consecutive La Nifia winters (2020/21,

) 2021/22), which are generally expected to
be cooler than normal.

¢ It is important to remember that the water

4 on the B.C. shelf is not stagnant. Even a
very small monthly mean current of 1 cm/s

3 implies a transit of 30 km that month. Thus
the water is not staying in one place for a
year or more. As such declining
temperatures over multiple years are likely

Figure 12-5. Satellite SST anomaly for December 2022, which g sign of cooling over a broad area of the
can serve as a proxy for subsurface SST (down to 75-100 m). B.C. shelf and the NE Pacific.

We are uncertain about the increasing trend in the annual oxygen minimum at 40 m at Scott2.
One possible explanation is an increase in the strength of summer storms in Queen Charlotte
Sound since the Blob ended in 2016. We don’t have consistent oxygen records at 40 m at the
other mooring locations to assess whether the trend is local or shelf wide.

The anomalously low temperatures along the Central Coast in December 2022 may be the
result of cold air outflow events from the fjords along that portion of the coast.

12.5. Implications of those trends.

The NOAA ENSO (EI Nifio Southern Oscillation) forecast for February 2023 indicates that La
Nifa conditions may be ending with a transition to ENSO neutral conditions by spring or early
summer 2023. There is the potential for El Nifio conditions by the fall of 2023. A return to El
Nifo conditions may lead to warmer ocean conditions. We note, however, that forecasts made
in spring have the least predictive power. Overall it is reasonable to expect that the subsurface
cooling event on the B.C. shelf has ended.
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13. OXYGEN AND CARBON IN 2022 ALONG LINE P AND IN QUEEN
CHARLOTTE SOUND FROM OCEAN GLIDER DATA

Hayley Dosser', Tetjana Ross', Jody Klymak?, Debby lanson', and Stephanie Waterman?®

'Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., Hayley.Dosser@dfo-
mpo.gc.ca, Tetjana.Ross@dfo-mpo.gc.ca, Debby.lanson@dfo-mpo.gc.ca

2University of Victoria, School of Earth and Ocean Sciences, Victoria, B.C., jklymak@uvic.ca
3University of British Columbia, Department of Earth, Ocean and Atmospheric Sciences,
Vancouver, B.C., swaterman@eoas.ubc.ca

13.1. Highlights

¢ Ocean glider data captured high-resolution spatial variations in dissolved oxygen
concentration, including a subthermocline eddy, along Line P.

¢ Anomalously low oxygen concentrations were observed in the intermediate water at
Ocean Station Papa (OSP) in August and, in part, related to high spatial variability.

e Hypoxic conditions were present on the continental shelf between Tofino and Station P4
from August to at least mid-September.

13.2. Description of the time series

C-PROOF, the Canadian-Pacific Robotic Ocean Observing Facility, operates a fleet of
autonomous ocean gliders equipped with sensors for high-resolution measurements of
temperature, salinity, dissolved oxygen concentration, chlorophyll, CDOM, and backscatter,
collected between the surface and 1,000 m depth. C-PROOF has maintained two glider
monitoring lines since 2019 (Figure 13-1): the Calvert Line, which crosses Queen Charlotte
Sound from Calvert Island to beyond the shelf break, and Line P, with the glider crossing the
shelf near Tofino to station P4, then transiting to Ocean Station Papa (OSP). Glider sampling
along these lines occurs during both the outbound and return trips.

Ocean glider data resolve
Cahen T /orte 15t the small spatial and
i temporal scales important to
upper ocean physical and
biological processes, and
P e —— ‘ ) capture variability that may
o PR e o o G 3 be missed by hydrographic
sampling cruises. The
dissolved oxygen data are
fully processed and
corrected using Winkler

titrated bottle samples
Figure 13-1. Ocean glider tracks for all thirteen glider surveys conducted in P

2022 (coloured lines). Dots along Line P indicate key stations (P4, P8, P16, CO”?Cted by the Hakai
P20, OSP). Credit: cproof.uvic.ca Institute out of Calvert Island

and by DFO during Line P
cruises. On the Calvert Line,
there were seven glider

Northeast

Pla ¢y fiic
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surveys between May and December 2022, while on Line P there were two glider surveys from
May 31 to September 15, 2022 and from August 3 to October 31, 2022. The second Line P
survey was atypical, with seven passes between stations P4 and P8, rather than sampling to
OSP.

13.3. Status and trends

On the Calvert Line, 2022 was the first year with glider data collected in December. There was
high seasonal variability in oxygen concentration in Queen Charlotte Sound, and a clear
transition from coastal to open-ocean waters. Similar small-scale features to those observed in
2021 were present. Overall, conditions appeared similar to previous years.

Along Line P, oxygen concentration was evaluated relative to a
1991 to 2020 climatology created using Line P hydrographic
station data with linear interpolation between stations and
months, noting that it was heavily interpolated in some months
: due to the typical triannual cruise frequency. Oxygen values
1w  along Line P were lower in 2022 than the climatological

; average for a range of densities associated with intermediate
water masses (about 100-300 m depth; Figure 13-2).

1023

o Glider 3
» Climatology &

1024 A8 m

1025

1026 ~116 m

A low oxygen feature, observed near P12 on June 18, 2022,
45w Was consistent with a subthermocline eddy (Pelland et al.
2013). It was spicy (warm and saline) and hypoxic in its core
(Figures 13-2-13-4). This feature, or a similar one, was
0 100 200 300 observed again on July 12, 2022 by an Ocean Observatories
' Initiative glider ~200 km to the southeast (Peter Brickley, pers.
Figure 13-2. Ocean glider oxygen comm.).

concentrations along Line P from P4 ) )
to OSP between May and September Apart from this eddy, the oxygen anomalies were largest at

2022 (black dots) as a function of OSP (Figure 13-3), which had anomalously low oxygen for
ﬁﬁfgﬁégfZﬁiéﬁ’r/cyoﬁtg%?ag:to 1, densities of ~1025.5 to 1027.5 kg/m3. The low anomaly was -
same sampling locations and days of 40 pmpl/kg a’F OSP on the'1.026.7 kg/rr?3 isopycnal, which is
year (red dots). Average isopycnal associated with North Pacific Intermediate Water (NPIW) or
depths are indicated. possibly Gulf of Alaska Intermediate Water (GAIW) along Line

P (You 2010). The anomaly also extended much deeper, into
the oxygen minimum zone (OMZ). At stations P12 and P16, there were small positive anomalies
for densities below ~1026 kg/m?® and small negative anomalies for denser water. However, an
examination of oxygen anomalies along the full Line P transect showed high spatial variability,
with transitions between negative and positive anomalies occurring over 100-150 km scales
(e.g., mesoscale) on a given isopycnal (Figure 13-3).

Potential density [kg/m®

1027

1028

Oxygen [mol kg~
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Figure 13-3. Oxygen anomaly (glider data minus climatology) as a function of potential density at Line P stations, P04
(a), P16 (b), P20 (c) and OSP (d). Gray dots show all ocean glider data from profiles collected within 1.5° longitude of
the station, while the black line gives the average of these data. The blue line indicates the 1026.7 kg/m3 isopycnal,
most strongly associated with NPIW.
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Figure 13-4. Transect of ocean glider oxygen concentration along Line P from P4 to OSP between May and
September 2022 as a function of depth and time (left). The black dots show the 60 umol/kg surface, indicating the
hypoxic boundary and the approximate top of the OMZ. Oxygen anomaly along the same transect (right). The blue
dots show the location of the 1026.7 kg/m?® isopycnal.
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On the continental shelf between Tofino, B.C. and Station P4, the gliders identified hypoxic
conditions during mid-September 2022 over a limited spatial region on the deep shelf. Hypoxia
was more widespread across the shelf in early August, and was absent in early June.

13.4. Factors influencing trends

Oxygen concentration has large decadal variability at OSP, with linear trends of -0.4 to -0.7
umol/kg per year on the 1026.5, 1026.7, and 1026.9 kg/m?® isopycnal surfaces (Crawford and
Pefia 2016; Cummins and Ross 2020; Whitney et al. 2007). Changes in solubility explain only a
small part of the observed declines on these subsurface isopycnals. One other potential cause
is warming and freshening in the Sea of Okhotsk driving reduced dense water formation.

Based on these reported trends, we expect a low oxygen anomaly of -7 to -10 ymol/kg relative
to our 30-year climatological average, which is four to six times smaller than the observed
anomaly at OSP. However, intra-decadal variability at OSP is also high, sometimes exceeding
50 umol/kg (Crawford and Pena 2016). Furthermore, the ocean glider data suggests that
oxygen concentration in intermediate water masses along Line P may be variable on spatial
scales smaller than the spacing of Line P stations, thus not properly resolved by ship sampling.

Low oxygen values are commonly deep on the continental shelf in the summer southwest of
Vancouver Island, caused by upwelling of low oxygen water and increased remineralization of
shelf blooms (Crawford and Pefia 2013). It is more unusual to observe hypoxic waters on the
shelf near Tofino in mid-September, although the extent of the hypoxic water in 2022 was

59



significantly less than during the 2021 low oxygen event. The spatial extent of this hypoxic water
is described in more detail in section 15 (Sastri et al., Section 15).

13.5. Implications of those trends.

If spatial variability is partially responsible for the large low oxygen anomaly observed at OSP in
the intermediate waters, uncertainties in previously reported trends may need to be re-
evaluated. Our results suggest that quantifying spatial variability is a key next step, along with
determining the cause(s) of the small-scale variability reported. Differences in oxygen between
OSP and the rest of Line P further suggest that the processes affecting dissolved oxygen
concentration at OSP may differ from those affecting other stations along Line P.

In Queen Charlotte Sound and along Line P, ocean glider data from 2019 to 2022 provides a
high-resolution observational record that can be used to quantify spatiotemporal variability,
improve existing climatologies, and enable comparisons with future years. Such comparisons
are increasingly valuable, as oxygen is projected to decline due to shoaling of the OMZ and
increased upwelling, with more frequent and severe hypoxia events on the continental shelf
(Holdsworth et al. 2021) and detrimental consequences for ecosystems (Ross et al. 2020).
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14. WATER CURRENTS AND TRANSPORT OFF THE B.C. COAST
Guoqi Han, Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C.,
Guoqi.Han@dfo-mpo.gc.ca
14.1. Highlights

e |In 2022, satellite altimetry indicated that the equatorward shelf-edge surface current at a
west Vancouver Island transect was weaker than normal in summer and the year-round
poleward surface current at a Queen Charlotte Sound transect was weaker than normal.

¢ Model hindcasts showed that in 2022 the water transport associated with the Vancouver
Island Coastal Current was close to normal.

14.2. Description of the time series

Geostrophic surface currents were calculated at two transects (Figure 14-1) by using 10-day
interval along-track satellite altimetry sea surface height data from October 1992 to December
2022, following the method outlined in Han et al. (2014) and Han and Chen (2022). One
transect was located off the West Coast of Vancouver Island (WCVI) and the other was located
at the mouth of Queen Charlotte Sound (QCS). The geostrophic surface currents were in the
direction normal to the transect (positive poleward) and approximately represented the
longshore flow. The calculated geostrophic surface currents were further averaged both
seasonally and over-transect. At the WCVI transect (Figure 14-2, upper panel) the winter
surface current was poleward and the summer surface current was equatorward, with the long-
term mean surface current close to zero. At the Queen Charlotte Sound transect (Figure 14-2,
lower panel), the climatological seasonal-mean surface current was poleward year-round;
stronger in winter and weaker in summer.

Water transport at transects off Vancouver Island (Figure 14-1) was calculated for the inshore
current (to represent the Vancouver Island Coastal Current), based on the model output from a
1/36° Northeast Pacific Ocean Model (NEPOM). The annual mean water transport of the model
Vancouver Island Coastal Current was poleward (Figure 14-3).

14.3. Status and trends

There was no apparent long-term trend in the altimetric surface current over 1992-2022.
Interannual variations were evident. In summer 2022, the altimetric equatorward surface current
at the WCVI transect was weaker than normal. The altimetric poleward surface current at the
QCS transect was weaker than normal in winter 2022.

There were substantial interannual variations in the modelled water transport. The annual-mean
water transport of the modelled Vancouver Island Coastal Current was close to normal in 2022.
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Figure 14-1. The study area showing the location of two altimetry transects (blue), bathymetry (200-, 1000-,
2000- and 3000-m isobaths) and a transect (red) for calculating the water transport associated with the
Vancouver Island Coastal Current. HG: Haida Gwaii. QCS: Queen Charlotte Sound. VI: Vancouver Island.

14.4. Factors influencing trends

Stronger surface currents at the WCVI transect have occurred in El Nifio and La Nifia years,
consistent with Hourston and Thompson’s (2020) results from in situ measurements. The
surface currents could also be influenced by the Pacific Decadal Oscillation, possibly via its

impacts on regional wind patterns.

The Vancouver Island Coastal Current may be linked to buoyancy forcing associated with the
fresher outflow from the Juan de Fuca Strait and longshore surface winds (Masson and
Cummins 1998). Therefore, the Vancouver Island Coastal Current may be linked to large-scale
climate processes such as El Nifio, La Nifia, and Pacific Decadal Oscillation.

In 2022 there was a moderate La Nifia and a cool phase of the Pacific Decadal Oscillation (see
Ross and Robert, Section 7).
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Figure 14-2. Seasonal-mean geostrophic surface currents (positive poleward) at the two transects located off the

west coast of Vancouver Island (WCVI) (upper panel) and at the mouth of Queen Charlotte Sound (QCS) (lower
panel). Note that the current is the averaged over the transect of about 110 km wide.
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Figure 14-3. Annual-mean water transport (positive poleward) associated with the Vancouver Island Coastal Current.
The dashed line is the mean transport averaged over 1993-2022. 1 Sy = 106 m%/s.
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14.5. Implications of those trends

These currents can affect water properties such as temperature, salinity, nutrients, dissolved
oxygen off the B.C. coast. They can also impact transport and distribution of fish eggs and
larvae. Folkes et al. (2018) showed that surface currents can be a useful predictor for the return
timing and northern diversion rate of Fraser sockeye salmon.
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15. OCEANOGRAPHIC CONDITIONS OFF THE WEST COAST OF
VANCOUVER ISLAND: 2022

Akash Sastri, John Nelson, Bill Crawford, and Angelica Peina, Fisheries and Oceans Canada,
Institute of Ocean Sciences, Sidney, B.C., Akash.Sastri@dfo-mpo.gc.ca, John.Nelson@dfo-
mpo.gc.ca, Bill. Crawford@dfo-mpo.gc.ca, Angelica.Pena@dfo-mpo.gc.ca

15.1. Highlights

¢ In May, the upper water column (< 50 m) along the west coast of Vancouver Island
(WCVI) shelf and offshore was cooler (-0.5 to -0.7 °C) and much fresher (1.4 psu) than
average over the shelf.

e Upper water column conditions in late-summer 2022 were still fresher but shifted to
warmer than average for the southern WCVI shelf stations, remaining cooler than
average for the shelf break/offshore stations.

o The northern WCVI surface mixed layer was generally warmer than average for both
shelf and offshore stations in September.

¢ Dissolved oxygen concentrations at 125 m depth on the outer southern shelf were > 1.4
mi/l in May but dropped to 0.79 ml/L by the end of summer (very low but not as extreme
as in 2021).

15.2. Description of the time series

;TR .0 | The zooplankton survey of the WCVI continental
& . ® g}i?f’” — margin has been carried out since 1979 for southern

WCVI, and since 1990 for northern WCVI. The La
Perouse/WCVI survey generally takes place in May
and September each year and provides synoptic
shapshots of physical, chemical, and biological
patterns at shelf, slope, and offshore stations. Each
of the biannual surveys is 11-13 days in duration and
generally falls within the annual upwelling period.
The May survey typically occurs within 30 days of
the onset of upwelling positive winds (Hourston and
Thomson, Section 8; Dewey et al., Section 38).
Transition timing from upwelling to downwelling
varies with latitude; however, the September survey
Figure 15-1. Map of the La Perouse-west coast of  9€nerally precedes this transition along southern
Vancouver standard survey stations. Stations for WCVI. This report focuses on the most regularly

each of the survey lines (labelled) discussed in sampled lines (red symbols in Figure 15-1): 1) LB,
this report are identified with red symbols. Black LC, and LG lines for southern WCVI: and 2) LBP and

symbol on LB line represents station LB08. . . .
Bathymetric contours indicate the shelf break and CS lines for northern WCVI. The time series average

contour-specific depths (m) and are identified in for all lines was estimated as the average
the legend. temperature or salinity for each station-specific

pressure-bin for the annual cycle (days of the year
100-300) for the 1991-2020 period. Anomalies were
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then calculated as the difference in temperature and salinity for each 2022 survey station-
specific pressure bin and its corresponding time-series average interpolated to day of the year.
Here we continue some of the long-term (1979-present) subsurface dissolved oxygen (ml/l)
observations previously reported by Crawford and Pefia (2013 and 2021). Section plots of
oxygen for the LB line rely on sensor-based (SBE 43) measurements and the 125 m time-series
observations for station LBO8 rely on oxygen titrations of discrete seawater samples. Note that
the May survey was cancelled in 2022, however, a modified survey of the southern lines, LB,
LC, LD, and LG was carried out as part of another program in the survey area.

15.3. Status and trends

Upper ocean salinity and temperature in the survey area vary with latitude, season, and bottom
depth. Here, ‘mixed layer’ refers to the surface mixed layer (surface to the depth of maximum
squared buoyancy frequency, N?). The first biannual survey took place May 3-12, 2022. Salinity
anomalies over the southern shelf were all negative (i.e. fresher than the long-term average)
and line-specific averages were -0.37, -0.59, and -1.38 psu for LG, LC, and LB lines,
respectively (Figure 15-2). Surface mixed layer salinity for southern slope and offshore stations
were all slightly negative relative to time series averages (Figure 15-2).

Surface mixed layer temperatures were cooler than the long-term late-May-period average for
most of the shelf and slope/offshore stations surveyed in the southern WCVI regions (Figure 15-
3). Mean May temperatures in the surface mixed layer over the southern shelf varied between
8.74 and 10.74 °C, with temperature cooling across the shelf from inshore. Surface mixed layer
temperatures along the southern lines were 0.47 °C cooler than average with progressively
larger negative anomalies from north (LG line) to south (LB line).
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Figure 15-2. Salinity anomaly (psu) section plots across each sampling line. Maximum depth set at 250 dbar. Top to
bottom represents northern to southern lines (see Figure 15-1). Left and right represent May and September surveys,
respectively. The time series average for all lines was estimated as the average salinity for each station-specific
pressure-bin for 1991-2020 and the annual period corresponding to each survey. Anomalies were calculated as the
difference in salinity for each 2022 survey station-specific pressure bin and its corresponding time-series average.
Salinity values greater and less than the time series averages are represented by ‘warm’ and ‘cool’ colours,
respectively. Dashed lines represent depth of the maximum buoyancy frequency squared (N?) used here as a proxy
for the base of the surface mixed layer.
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The second annual survey took place August 26 - September, 2022. Consistent with seasonal
expectation, the average surface mixed layer depths for all five survey lines were between 12-
30 m. However, outer shelf CS line surface mixed layer depths were ~55 m deep. Average
salinity over the shelf for CS and LBP lines was fresher (-0.28 and -0.16 psu) than the seasonal
long-term averages and 0.3 and 0.25 psu fresher than average for CS and LBP slope/offshore
stations, respectively. Surface mixed layer depths for the southern WCVI were generally
shallower relative to the northern WCVI. As per May, the average salinity anomaly for all three
southern lines in September (see Fig. 15-1) was fresher (0.34 psu) than the time series
seasonal average for the shelf stations and 0.27 psu fresher for the slope/offshore stations.

The start of the September survey corresponded to the greatest influence of the 2022 NEP
Marine Heatwave on WCVI, particularly in the north (Hilborn et al., Section 11). With the
exception of the LBP line narrow shelf stations (-0.86 °C cooler than average); the surface
mixed layer for all shelf stations along the WCVI were ~0.5 °C warmer, on average, than the
seasonal average. There were no obvious north-south trends, but both CS and LBP lines were
1.5 and 0.66 °C warmer than average for slope/offshore stations respectively; whereas upper
water column temperature was consistently cooler than average for the southern, LG, LC, and
LB stations over the slope/offshore.
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Figure 15-3. Temperature anomaly (°C) section plots across each sampling line. Maximum depth set at 250 dbar.
Top to bottom represents northern to southern lines (Figure 15-1). Left to right represent May and September survey
sections, respectively. The time series average for all lines was estimated as the average temperature for each
station-specific pressure-bin for 1991-2020 and the annual period corresponding to each survey. Anomalies were
calculated as the difference in temperature for each 2022 survey station-specific pressure bin and its corresponding
time-series average. Temperature values greater and less than the time series averages are represented by ‘warm’
and ‘cool’ colours, respectively. Dashed lines represent depth of the greatest buoyancy frequency squared (N?) used
here as a proxy for the base of the surface mixed layer.

The California undercurrent flows poleward along the WCVI slope and its core (200-300 m
depth) is characterized by low oxygen associated with the 1.4 and 2.1 ml/l oxygen contours in
both May and September (Figure 15-4). Seasonal upwelling, particularly along the southern
shelf, extends these contours over the shelf. The lowest dissolved oxygen concentration on the
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shelf in May 2022 was centered ~10 km east of station LB08 (red symbol in Figure 15-4). This
was also the case in September, however, the depth of the 1.4 ml/l oxygen contour had shoaled
to ~90 m below the surface. Discrete bottle-based measurements of dissolved oxygen were
1.85 and 0.79 ml/l for May and September, respectively (Figure 15-5). The values are not as
extreme as those measured in May and September 2021, however, September 2022 does rank
among the lowest observed values for the time series. The oxygen-nitrate ratio decreased
following the May survey and the September 2022 estimates (at 125 m for LB08) was among
the lowest for the time series, suggesting that respiration of organic material at depth was not
high early in the summer, but the rate of oxidation increased following the first survey, perhaps
due to surface production associated with the late transition to upwelling in June (Hourston and
Thomson, Section 8).
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Figure 15-4. Section plots of dissolved oxygen (ml /l) along LB line (Figure 15-1) in May 2022 (left panel) and late
August 2022 (right panel). Note that outer LB line stations were not sampled in May. The red triangle shows the
location of the station LB08.

15.4. Factors influencing trends

La Nifia conditions, beginning in late 2020 and persisting through to the September 2022
survey, were accompanied by cooler than average water column temperatures along the outer
B.C. coast (Donnet, Section 10). Upwelling started later (June) than average and was near
constant throughout the remainder of the summer and leading up to September 2022 survey
(Hourston and Thomson, Section 8; Dewey et al, Section 38). After the May survey, persistent
upwelling, particularly along the southern WCVI continental slope, brought California
undercurrent source waters onto the shelf supplying nutrient and salt-rich water to the surface
and extending deep oxygen-poor waters further inshore over the shelf. The very low seasonal
oxygen to nitrate ratios at LB08 in September suggest high rates of respiration of organic
material, perhaps enhanced by high seasonal production of phytoplankton in the surface. The
development and expansion of a marine heatwave to the WCVI region (Hilborn et al., Section
11) may have contributed to the dramatic shift from cooler than average surface mixed layer
temperatures in May to warmer than average surface mixed layer temperatures observed along
most of the WCVI shelf in late summer.
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Figure 15-5. Annual cycle of 125 m dissolved oxygen concentration (ml/l and umol/kg) at station LBO8 highlighting
time series extremes (left panel). Yellow symbols identify the 2022 low oxygen extremes for this time series (1979-
2022). Interannual and seasonal variation of 125 m oxygen-to-nitrate ratios at station LB08 (1979-2022; right panel).
Low oxygen to nitrate indicates greater oxidation of organic material with typical seasonal ratios in early 2022 but
more extreme in late summer relative to long term measurements.

15.5. Implications of those trends

Warmer than average mixed layer temperatures along the WCVI are often associated with a
greater abundance and biomass of smaller, less lipid-rich zooplankton relative to the larger,
lipid-rich, boreal and subarctic groups which tend to dominate under cooler conditions
(Galbraith, Section 20). Spring and early 2022 were characterized by cooler than average
conditions which have been linked to seasonally average timing and normal to high biomass for
larger subarctic and boreal zooplankton assumed to support productivity of pelagic fish and
seabirds (Mackas et al. 2007; Hipfner et al. 2020); whereas the late summer was characterized
by warmer than average temperatures more amenable to small lipid-poor zooplankton. Lower
than average, hypoxic and/or anoxic subsurface oxygen concentrations pose particular risk to
sessile benthic organisms and may limit the distribution of fish (e.g. Pacific Hake) which
normally migrate through and feed in WCVI shelf waters.
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3Hakai Institute, Heriot Bay, B.C., alex.hare@hakai.org
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16.1. Highlights

e In Juan Perez Sound, waters were cooler in 2021 and 2022 compared to the period from
2017 to 2020.

e Satellite sea surface temperature (SST) showed temperatures were in the colder ranges
in spring and in the warmer ranges in summer and fall compared to the 1991 to 2020
time series.

e In general, oxygen concentrations in Juan Perez Sound are higher than in northern
Queen Charlotte Sound/southern Hecate Strait.

e Satellite chlorophyll-a (chl-a) showed that concentrations were higher in Juan Perez
Sound than southern Hecate Strait; a large fall bloom occurred in 2022.

16.2. Description of the time series

For this work, we examined data that were collected in northern Queen Charlotte Sound (QCS),
southern Hecate Strait (HS), and Juan Perez Sound (JPS) in Gwaii Haanas National Park
Reserve, National Marine Conservation Area Reserve, and Haida Heritage Site (GH; 51.25°N to
53.5°N and 128.5°W to 132°W; Figures 16-1 — 16-3). Temperature, salinity, and oxygen data
were collected from both shipboard sampling and by moorings. Satellite-measured chl-a, a
proxy for phytoplankton biomass in the upper optical depth of the ocean, and SST were also
examined using the standard products provided by the NASA Ocean Biology Processing Group
(https://oceancolor.gsfc.nasa.gov/) at 4 km pixel resolution for 2003-2022. SST from the
Advanced Very High Resolution Radiometer (AVHRR) at corresponding resolution was also
acquired for the period 1981-2022. GH was divided into east, west and southern sections
(referred to as GHE, GHW and GHS, respectively; Figure 16-3), and monthly time series and
climatological statistics were retrieved for each area (Hilborn, Guan and Hannah, Section 11).

In situ CTD and oxygen data were collected on annual cruises at multiple stations by Fisheries
and Oceans Canada (DFO; summers 2015 & 2016, Oct 2020) in collaboration with Parks
Canada Gwaii Haanas (GH; summers 2017 to 2022) and with both GH and Council of the Haida
Nation (CHN; Jun-Jul 2019, Sep 2022). Data were generally collected in summer (Jun, Jul, Aug)
or fall (Sep, Oct) months. Data collected in QCS and HS were examined from 2015 to 2022;
samples collected in JPS started later from 2017 to 2022. Data from September 2022 were not
yet available for inclusion in this summary.
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Three moorings - two in Juan Perez Sound (Juan1 and Juan2) and one in Hecate Strait (SRN) -
were deployed annually by the Institute of Ocean Sciences (DFO) in collaboration with GH in
JPS. Juan1 (52.518°N, 131.480°W) was deployed twice from 2017-2019. The location slightly
shifted for Juan2 (52.520°N, 131.431°W) deployments spanning 2019-2022. SRN (53.109°N,
130.388°W) was deployed from 2017-2022. At Juan2 moorings were equipped with two (2018—
2019), three (2020-2021; 2021-2022) or four (2017-2018; 2019-2020) Seabird CTD sensors
along the mooring line. The two deepest CTD instruments during each mooring deployment also
collected dissolved oxygen (DO) data.

16.3. Status and trends

Average profiles of temperature and oxygen were created for the northern QCS/southern HS
region (QCS/HS; Figure 16-1) and the JPS region (Figure 16-2). To minimize the impact of
seasonal variability when examining interannual differences, data were examined by month.
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Figure 16-1. Average profiles of temperature (left column) and oxygen (right column) for data collected in QCS/HS
from 2015 to 2022. Station locations are indicated on the map (left), with colours and symbols listed in the left column
figures. To minimize seasonal variation, data were plotted by month: Jun, Jul, Aug and Oct.

In QCS/HS, surface waters (defined as above 50 m depth) were warmest in July and August
and coldest in June and October. Of the years examined, warmest surface waters were
observed in August 2018 and coldest surface waters were observed in June 2021. In July 2022,
ocean temperature was similar to previous years (2016, 2017, and 2020). Oxygen
concentrations were similar amongst the years and months, though we note that oxygen in July
2022 was lower than observed in 2016, 2017, and 2020.

Similar to QCS/HS, waters in JPS were coldest in June 2020 and warmest in August 2018. In
July 2022, waters were the second coldest observed in the time series. Oxygen concentrations
were higher in JPS relative to the surrounding region and had more interannual variability
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(though less spatial variability). The highest oxygen concentrations were observed in July 2017
and the lowest were observed in October 2020. In July 2022, oxygen concentrations were lower
than both July 2017 and July 2020.
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Figure 16-2. As in Figure 16-1, focused on the waters in JPS, Gwaii Haanas, with data collected from 2017 to 2022.
All seven stations (black x on map), were sampled each year.

Monthly chl-a patterns differed between the three GH regions. Chl-a was highest overall and
had the most seasonal variation in GHE, with both a pronounced spring and fall bloom. The
phenology was similar in GHW and GHS, where chl-a was typically elevated in April and later in
September. In 2022, the spring bloom started a month earlier (April) and lasted a month longer
compared to the climatological data. Further, the fall bloom was larger and more sustained
compared to the climatology. GHW also showed an extended fall bloom lasting for about 4
months in 2022. GHS had less pronounced spring and fall blooms, where 2022 was similar to
previous years.

Peak SSTs are typically reached in August in all three regions. However, in 2022 SST increased
until September and cooling was delayed, coinciding with a large Marine Heat Wave (MHW)
event seen throughout the BC EEZ (Ross and Robert 2022). SST anomalies in October were
particularly large, exceeding the upper 90th percentile of observations over the climatological
period 1991-2020. GHE and GHS were excluded from this pattern, though GHE was
anomalously warm a couple months earlier in August.
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Figure 16-3. The three Gwaii Haanas regions (east, west, south) identified on a chl-a monthly composite of October
2022 (left). The chl-a and SST climatological means from (1991-2020 for SST, and 2003-2021 for chl-a as this
dataset spans a shorter length of time) are indicated (right, top and bottom respectively) with coloured points, and
standard deviation shaded in grey; dotted lines indicate upper and lower 10 percentiles. The 2022 monthly values are
indicated in black with standard deviation bars.

16.4. Factors influencing trends

The 2014-2016 MHW lingered in B.C. deep waters until 2020 (Jackson et al. 2021). The
termination of the deep water MHW resulted in coastal deep water cooling that started in the fall
of 2020 (Jackson 2022). The cooling in JPS in 2021 and 2022 follows the trend observed in
other central and northern coast regions (Jackson 2022). Oxygen concentrations are complex in
JPS and further investigation is needed to determine the cause of the differences between JPS
and QCS/HS.

SST could be one factor influencing chl-a trends. There’s potential that the anomalously high
SST in August could have shifted the fall bloom later into the year and decreased its magnitude.
More research will need to go into whether this is causation or coincidence by looking at more
historical data.

16.5. Implications of those trends.
Warm temperatures and low oxygen concentrations can have negative impacts on marine
ecosystems (e.g. Smith et al. 2022; Hipfner et al. 2020). It is possible that the return to colder

waters will result in a higher abundance of subarctic zooplankton species, which are more
nutritious for many species including juvenile salmon, some marine seabirds, and forage fish.

Ongoing analysis of sea surface chl-a is important for monitoring shifts in the timing, extent, and
magnitude of phytoplankton blooms, which may have cascading effects on other trophic levels.
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Similarly, operational monitoring of SST and temperature and oxygen profiles by depth is critical
for understanding the extent and impact of MHWs and anomalous events that can negatively
impact marine species.
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17. CONSERVATION OF MARINE HABITATS IN THE SCOTT
ISLANDS MARINE NATIONAL WILDLIFE AREA
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17.1. Highlights

¢ The seasonal decline in sea-surface temperatures (SSTs) was delayed in the fall of
2022. The SSTs were 2°C warmer than normal in October in the Scott Islands Marine
National Wildlife Area (NWA). SSTs returned to normal in November.

o Analysis of drifters deployed in 2022 showed for the first time surface currents exiting
Hecate Strait and northern Queen Charlotte Sound (QCS) southward, appearing to go
around the shallow banks in central QCS.

e Generally, drifters show a strong tendency to enter the NWA from the east, northeast, or
the south. In 2022 some drifters entered the NWA from the open ocean to the west.

¢ From March through August it took drifters between 1-15 days to reach the NWA from
the mouth of Queen Charlotte Strait (east of the NWA), which is a major transportation
corridor. During September through February it took drifters between 1-9 days to reach
the NWA from QCS, and from 0.5 to 4 days to reach the NWA from the latitude of
Brooks Peninsula (to the south).

17.2. Description of the time series

The Scott Islands Marine National Wildlife Area (NWA) was established by the Government of
Canada in 2018. In 2015, the Canadian Wildlife Service (CWS) of Environment and Climate
Change Canada (ECCC), and Ocean Sciences Division (OSD) of Department of Fisheries and
Oceans Canada developed a Collaborative Agreement (MOU), recently renewed to 2025-2026.
The Scott Islands project is part of the long-term ocean monitoring to understand causes and
effects of changes in the ocean environment on the marine ecosystem and resources. The
monitoring program and its goals are described in detail in Jones et al. (2021, 2022).

Satellite monitoring, in particular of SST and Chlorophyll-a (Chl-a, a proxy for phytoplankton
biomass), are valuable for monitoring trends and patterns in the upper ocean at high temporal
frequency (Figure 17-1). For example, satellite SST facilitates monitoring the presence and
strength of marine heatwaves, and the mean Chl-a concentration during April has been shown
to correlate with Rhinoceros Auklet (Ptychoramphus aleuticus) fledgling success (Borstad et al.
2011). Satellite data from the Pathfinder Advanced Very High Resolution Radiometer (AVHRR,
v5.3), distributed by NOAA, has been utilized to monitor SST in the NWA since 1981. SST and
Chl-a from recent decades (2003 to present) are also acquired from the MODerate Resolution
Imaging Spectroradiometer (MODIS-Aqua) with products distributed by the NASA Ocean
Biology Processing Group (OBPG). These datasets were averaged for the NWA on a monthly
basis to produce time series of monthly mean and climatological monthly mean values.
November, December, and January were excluded from the Chl-a dataset.
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The variability of the subsurface temperature, and dissolved oxygen in the NWA is reported by
Hannah et al., Section 12.

GPS drifters reveal potential for anthropogenic items and natural living or inorganic substances
on the ocean surface to be transported to a given location or area. These results assist
management agencies to develop plans to respond to incidents, including search and rescue as
well as handling substance releases. There is wide variation in the life span of the drifters used
by OSD. Prior to 2022, the mean life span was about 9 days before the drifters stopped
transmitting, with some lasting over 2 weeks. Most transmitted data to satellite at 5 or 10 minute
intervals, some at 30 minutes (Hourston et al. 2021, R.A.S. Hourston, DFO, pers. comm.). In
2022 many drifters were set to provide locations at 30 minute intervals, facilitating longer
periods of transmitting, and many lasted over 40 days (R.A.S. Hourston, DFO, pers. comm.).

The large number of drifters released coast-wide annually since 2014 provide substantial
amounts of data (Figure 17-2). The combined data set is too large to handle visually, so
analysis by area, and year and month, is required to describe surface currents.

September SST Anomaly October SST Anomaly November SST Anomaly
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Figure 17-1. Monthly sea-surface temperature (SST) near the Scott Islands NWA for 2022 (a., b. and c.). Scott
Islands NWA is indicated in black with the Northern Shelf Bioregion outline in blue. d. Satellite SST in Scott Islands
NWA, where grey shading and coloured points indicated standard deviation and climatological mean respectively.
10" and 90" percentiles indicated with dashed lines. 2022 mean and standard deviation values are indicated in black
points and bars. e. Satellite chlorophyll-a with similar information, but geometric standard deviation and geometric
mean.
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17.3. Status and trends

Satellite Chl-a in the NWA in 2022 was higher than usual later in the summer (July through
September; Figure 17-1). Chl-a in April, known to be correlated with fledgling success of
Rhinoceros Auklets, was slightly higher than the climatology, though an outage occurred for the
MODIS-Aqua instrument leading to a total loss of data from the 15t to 17" of the month, which
lowers the confidence of this month’s average Chl-a. There was greater deviation from
climatological values in the satellite-observed SST, with winter and spring values being slightly
cooler than usual; May in particular was > 1 standard deviation below the 1991-2020
climatology for the month. Beginning in July, SSTs switched to being warmer than usual, with
the October average being a full 2°C higher than the climatological mean of 11.8°C. Seasonal
SST averages in the NWA overall showed a warming trend during summer (July, August and
September), similar to other regions in the B.C. EEZ.

Two clear features of accumulated data from drifters
are the southward drift out of southern Queen
Charlotte Sound (QCS), and the very limited
westward drift out of the mouth of QCS. The drifters
provide useful information even after the batteries die
and the tracking stops. Drifters used in this project
have been found on shorelines from Oregon to

22 Alaska (not shown).

Visual assessment of the 2022 data has shown two
areas which appear to have reduced transit of drifters
compared to most of Hecate Strait and QCS (not
shown). These correspond to areas of anti-cyclonic

: '; currents over the two shallow banks in the center of
QCS (Hannah et al. in prep). This drift around banks
| likely reduces movement of surface waters, and any
Figure 17-2. Drifters deployed 2014 — 2022. materials with them, northward from the NWA, or

Deployments, except those between Vancouver ~ southward into it.
Island and mainland B.C. n=353.

Colours represent different months, years and  Assessment of drifters released in Hecate Strait and
locations of deployments. northern QCS showed very limited movement
southward from 2014-2021. Drifters released in July 2022 demonstrated, for the first time,
lengthy movements southward out of these areas into or near the NWA (Figure 17-3).
Additionally, September 2022 was the first time drifters were deployed on the west side of Gwaii
Haanas. These moved generally northward parallel to the shore, then trended westward (Figure
17-3).

[ (2itee of OC eces
| - Fisheries and Oceans
| Canada

The information from drifters accumulated through 2022 has allowed subjective evaluation of
probability of surface carried materials to enter the NWA. Overall, the probability ratings are
“high” or “moderate”. These subjective ratings consider variability of seasonal movement
patterns and sample sizes of drifters released. Given the proven variability of currents over time,
this report does not identify areas or time periods as “low” or “nil” probability of drifters entering
the NWA.

78



Figure 17-3. New drift patterns in 2022. Drifters
deployed in Hecate Strait, northern Queen
Charlotte Sound, or west coast of Gwaii Haanas.
The red drifters were deployed in July 2022; n=17
[11 Hecate Strait or Queen Charlotte Sound, 6
Dixon Entrance]. The blue ones in September
2022, n=9 [6 west coast of Gwaii Haanas, 3
Hecate Strait]. The green drifters were deployed
March — November 2014 — 2022; Hecate Strait;
n=157 [excludes July and September 2022].
Bright white polygons: Federal and Provincial
protected areas. Faded polygon: Area of Interest

Results of drifters deployed from September to
February, 2017-2022, suggest high probability of
southward, westward or northward, entry into the
NWA. Eastward entry is assessed as moderate
probability. Drifters took 1-9 days to reach the NWA
from the southeast entrance to QSC. Those moving
northward from the vicinity of Brooks Peninsula took
Y2 to 4 days to reach the NWA (Figure 17-4).

In the March to August period, 2016-2022,
accumulated data from drifters indicates high
probability of westward and southward entry into the
NWA, and moderate probability of northward and
eastward entry. Drifters took 1-15 days to reach the
NWA from the southeast entrance to QCS (Figure
17-4). Prior to 2022, there was very limited
information on probability of eastward movement into
the NWA, leaving an information gap to support
response planning. Some drifters released west of
the NWA in 2022, subsequently moved eastward into
it, supporting the moderate rating. Summer currents
south of the NWA are generally southward (Freeland
et al. 1984). Some drifters deployed in summer exited
the NWA southward, then turned northward re-
entering the NWA, supporting the moderate rating.
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Figure 17-4. Subjective risk of substances entering the Scott Islands NWA. a. March — August, 2016 - 2022. b.
September — February, 2017 - 2022. Red: High probability. Yellow: Moderate probability. Black arrows: direction
entering the NWA. White arrow: Vicinity of Brooks Peninsula.

17.4. Factors influencing trends

The warm, anomalous SSTs in the NWA occurring in late summer into autumn corresponded to
the development of a marine heatwave (MHW) in August. Satellite observations show that it
entered the B.C. EEZ in late August and persisted until late October (detailed further in the
NOAA heatwave tracker (Ross et al. 2023):
(https://www.integratedecosystemassessment.noaa.gov/regions/california-current/cc-projects-
blobtracker).

Review of drifter deployments from 2014 through 2022 has shown high variability of the surface
drift patterns between seasons and years. As such it is not possible to provide precise estimates
of movement from a given location into the NWA. The drifter data can be used to assess the
subjective probability of entry into the NWA from different locations.

17.5. Implications of those trends

Marine heatwaves may have significant deleterious ecosystem effects. In recent years, MHW's
have caused large mortality events for Cassin’s Auklet (Ptychoramphus aleuticus) (Jones et al.
2018); therefore tracking them is an integral part of monitoring for the NWA, particularly due to
its significance for seabirds.

Given the wide inter-annual variation of results from drifters, it is essential to continue annual
deployments. Continuation will provide new information to better support development of
incident response plans for the NWA. Continuance over time may also improve understanding
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of effects of climate change, and normal variability, on habitat suitability for seabirds and other
marine predators including fish and marine mammals.

The NWA, as with all designated areas, will always be influenced by the wider marine
environment, so it is essential to continue annual oceanographic assessments on an ecosystem
basis.

The broad nature of the activities under the MOU between OSD and ECCC provides precedents
to help design similar programs for other MPAs or designations.
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18. 2022 CHS PACIFIC HYDROGRAPHIC SURVEY UPDATE

Duncan Havens and Stacey Verrin, Canadian Hydrographic Service, Sidney, B.C.,
Duncan.Havens@dfo-mpo.gc.ca, Stacey.Verrin@dfo-mpo.gc.ca

18.1. Highlights

¢ 63 multibeam surveys and 12 laser scanner survey were completed.

e 1,864 hrs of survey time.

e 17,741 km of survey lines.

e 3,544 km? surveyed.
18.2. Description

The Canadian Hydrographic Service’'s 2022-23 survey priorities were defined following
extensive client consultation regarding multibeam, laser scanner, and backscatter data
requirements. Ongoing challenges posed by the COVID-19 pandemic required CHS to continue
to take precautionary measures to ensure the safety of its employees and any population
potentially impacted by survey work during such unprecedented times. As some restrictions
were lifted, CHS was able to return surveys to a full crew compliment on most survey platforms.

The priority areas on the south coast of B.C. (Figure 18-1) were identified as Barkley Sound,
Nitinat Narrows, the Sombrio Faultline, the Gulf Island Anchorages,

Discovery fish farms, Knight Inlet, Winchelsea Island, Esquimalt Harbour, Sand Heads, and
Bute Inlet, as well as B.C. Ferry terminals at Little River, Whaletown, Sointula and Bear Cove.
These areas were selected in support of charting priorities (especially charts 3670, 3671), and
in support of NRCAN-SASIMA, Ocean Sciences Division, Ecosystems Sciences Division,
Transport Canada, DND, CCG, RPSS, and Parks Canada priorities. These survey operations
were carried out by the CCGS Vector, the CCGS Otter Bay, CSL Shoal Seeker, CSL Kalman L.
Czotter and by contract (portion of Barkley Sound).

The priority areas on the central and north coast of B.C. (Figure 18-2) included Queen Charlotte
Sound, the Scott Islands marine National Wildlife Area, Kitimat

Terminals, Dean Channel and Burke Channel. Due to COVID-19 all nearshore survey work
around Haida Gwaii and Gwaii Haanas Park continues to be suspended. The priority areas
were selected based on continuing and completing efforts from the 2021 survey season, as well
as in support of charting priorities, ECCC-DAS, ECCC-CWS and NRCAN-PNCIMA priorities.
These survey operations were carried out by the CCGS Vector and the CSL Shoal Seeker.

All hydrographic surveys were carried out following the guidelines as stated in the ISO
9001:2015 Standard, Quality Manual for CHS, the 1001 series, Data to Validated Databases,
CHS Standards for Hydrographic Surveys, Hydrographic Survey Management Guidelines and
the CUBE bathymetric Data Processing and Analysis documents referenced by this ISO
documentation. This includes meeting or exceeding Order 1, and adhering to appropriate
reference, administration and safety manuals, relevant marine regulations, and departmental
policies (Cloutier et al. 2022).

82


mailto:Duncan.Havens@dfo-mpo.gc.ca
mailto:Stacey.Verrin@dfo-mpo.gc.ca

|
e (2 :
“ Kitimat Terminals 1
e
.;»
- S T iy e
. " =52 - - . oy - - wory
- - I L PR S cana
- - et
- { e " -
o | -
" " =
J . =]
by » v e { =
— g o | .
. =Y o] CWS Scott Is. mNWA -

Figure 18-1. Overview of areas surveyed by CHS/CCG vessels on the Central and North Coast in 2022.
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Figure 18-2. Overview of areas surveyed by CHS/CCG vessels on the South Coast in 2022.
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19. NUTRIENTS AND PHYTOPLANKTON ALONG LINE P

Angelica Pefia, Colin Webber and Nina Nemcek, Fisheries and Oceans Canada, Institute of
Ocean Sciences, Sidney, B.C., Angelica.Pena@dfo-mpo.gc.ca, Colin.Webber@dfo-mpo.gc.ca,
Nina.Nemcek@dfo-mpo.gc.ca

19.1. Highlights

¢ Winter and summer nutrient concentrations in surface waters along Line P in 2022 were
as high or higher than the average concentrations of previous years (2010-2021).

e Surface water nitrate anomalies have increased in recent years mostly due to stronger
negative anomalies during the Marine Heat Waves (MHWSs) in 2014-2015 and 2019-
2020 that restricted winter nutrient renewal from vertical transport due to increased
stratification.

e Phytoplankton biomass and community composition in 2022 were similar to those of
previous years along Line P, except for an increase in the abundance of prasinophytes
and cryptophytes at nearshore stations.

19.2. Description of the time series

Monitoring changes in nutrients, phytoplankton biomass, and community composition is
important for the evaluation of ecosystem function and status, as well as for the study of
biogeochemical cycles. Phytoplankton community composition, chlorophyll-a (“Chl-a”, an
indicator of phytoplankton biomass) and nutrients are normally measured on DFO cruises along
Line P (Figure 19-1) in the northeast subarctic Pacific Ocean three times a year in winter
(February-March), spring (May-June), and summer (August-September). Nutrients were
measured during 1969-1981 and from 1988 to the present, whereas sampling for phytoplankton
composition has been carried out at most of the stations along Line P since June 2010. In 2022,
sampling occurred in winter and summer but not in spring since the scheduled June cruise was
cancelled.

Latitude N

150° 145° 140° 135° 130°
Longitude W

Figure 19-1. Location of sampling stations along Line P (P26 is Ocean Station Papa (OSP)).
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The abundance and composition of phytoplankton are determined using a chemotaxonomic
approach based on phytoplankton pigments (chlorophylls and carotenoids) analyzed by high
performance liquid chromatography (HPLC) as described in Nemcek and Pena (2014). The
HPLC pigment data are processed using a factorization matrix program (CHEMTAX) to estimate
the contribution of the main taxonomic groups of phytoplankton to total Chl-a (Mackey et al.
1996).

19.3. Status and trends

Line P extends from the southwest corner of Vancouver Island to Ocean Station Papa (OSP,
Figure 19-1) in the high-nutrient low-chlorophyll (HNLC) region where surface nutrient
concentrations are usually high (>5 mmol m) and Chl-a concentrations are low (<0.8 mg m-)
year-round due to Fe limitation of phytoplankton growth. In these Fe-poor offshore waters, small
flagellates (mainly haptophytes) dominate phytoplankton biomass whereas in the Fe-rich waters
of the continental shelf and slope there is high seasonal variability in nutrient concentrations,
phytoplankton biomass and composition. In 2022, winter and summer surface nutrient
concentrations (Figure 19-2) were as high or higher than the average concentrations from
previous years (2010-2021). In particular, summer nitrate and silicate concentrations in surface
waters offshore of P12 were higher than those observed during and after the Marine Heat Wave
(MHW) of 2014/2015 and significantly higher than those observed in 2019 when nitrate
depletion extended for the first time to OSP.
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Figure 19-2. Concentrations of nitrate (top panels, mmol m), silicate (middle panels, mmol m), and chlorophyli-a
(bottom panels, mgl m3) in surface waters along Line P from P4 to OSP in winter (left panels) and summer (right
panels). All panels show the average (grey line) and standard deviation (shaded area) of concentrations in 2010-
2021, data for 2019 (blue line), and for 2022 (red line).

Long time series of nitrate concentrations in surface waters along Line P have shown marked
interannual variability (Pefia and Varela 2007; Di Lorenzo et al. 2009). The strength of the
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nitrate anomalies (Figure 19-3) has increased in recent years. Stronger negative anomalies
were observed during the MHWSs in 2014-2015 and 2019-2020 that restricted winter nutrient
renewal from vertical transport due to increased stratification.
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Figure 19-3. Hévemoller plot of surface mixed-layer nitrate concentration anomalies (umol/L) along Line P from 1964
to 1981 and from 1988 to 2022.

Chl-a concentrations in 2022 were in general similar to those observed in previous years,
except for a peak in the summer at P10 and P11 (Figure 19-2). Similarly, haptophytes
dominated phytoplankton biomass at most stations along Line P in 2022 and phytoplankton
composition was similar to previous years (Figure 19-4), except for an increase in the
abundance of prasinophytes and cryptophytes at nearshore stations in winter.

19.4. Factors influencing trends

Several environmental factors including temperature, irradiance, and nutrient availability, as well
as grazing pressure, determine phytoplankton abundance and community composition. During
and right after the MHWs of recent years, significant fluctuations in nutrient concentration,
phytoplankton biomass and diatom abundance were observed in the NE subarctic Pacific likely
in response to the increase in surface temperature and changes in nutrient availability (Pena et
al. 2019). These include the unprecedented depletion of mixed-layer nitrate, and to a lesser
degree of silicate, in the HNLC region of Line P in the summer of 2019, as well as sporadic
increases in diatom abundance at the most offshore stations of Line P in September of 2017
and 2019. In 2022, nutrient concentrations and phytoplankton biomass and composition have
largely returned to pre-MHW conditions.
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Figure 19-4. Relative phytoplankton composition in the upper layer at stations along Line P (see Figure 19-1) in
February (left panels) and Aug./Sept. (right panels) of 2018 to 2022. Blank spaces indicate no data were collected.

19.5. Implications of trends

Phytoplankton abundance and community composition are key factors influencing trophic
processes and biogeochemical cycles in the ocean. Organic matter produced by phytoplankton
is continuously transferred from lower to higher trophic levels, so the abundance, composition
and distribution patterns of phytoplankton ultimately affect the sustainability of all marine life.
The observed changes at the base of the food web during and after the Blob could have
ecosystem-wide implications.
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20. WEST COAST BRITISH COLUMBIA ZOOPLANKTON BIOMASS
ANOMALIES 2022

Moira Galbraith and Kelly Young, Fisheries and Oceans Canada, Institute of Ocean Sciences,
Sidney, B.C., Moira.Galbraith@dfo-mpo.gc.ca, Kelly.Young@dfo-mpo.gc.ca

20.1. Highlights

e Sub-arctic and boreal copepods dominated the zooplankton communities from late
spring into early summer, replaced by southern copepods in the fall.

o There was an increase in gelatinous zooplankton biomass across shelf areas, mainly
due to an increase in hydromedusae and ctenophores through late summer and into fall.

e Southern chaetognaths disappeared from all areas which may be due to the cooling
effect of La Nifa.

20.2. Description of the time series

Zooplankton catch time-series are available
for Southern Vancouver Island (SVI; 1979-
present), Northern Vancouver Island (NVI;
1990-present), Line P (1996-present), and
Hecate Strait (1990-present), with lower
density and/or taxonomic resolution for NVI
and Hecate Strait earlier in the time series.

For this report, we present data from 1990
onwards. The ‘standard’ sampling locations
are averaged within the SVI, NVI, Line P and
Hecate regions (Figure 20-1). Additional
locations are included in averages when they
are available. See Mackas et al. 2001 for
methodology of zooplankton surveys along
the West Coast.

Latitude (°N)

The zooplankton climatology was estimated
for each region, using the data from 1990
through to 2020 as a baseline, and
compared to monthly conditions during any
single year to produce a biomass anomaly

136 -134 -133 -132 -131 -130 -129 -128 -127 -126 -125 -124 -123
Longitude (°W)

Figure 20-1. Zooplankton time series sampling locations (red

time series. This is a change from previous
State of the Pacific Reports of west coast
Vancouver Island zooplankton anomaly
series. For a more detailed description of the

dots; Line P — black line) in B.C. marine waters. Data are
averaged for samples within each area. There are more
samples included in the analysis than shown in figure.

previous biomass anomaly series, see published articles Mackas 1992, Mackas et al. 2001 and
Mackas et al. 2013b. The new method follows ICES protocol (O’Brian, 2022: see
https://wgze.net/) with log 10 transformed biomass anomaly. The main difference between
earlier and present methodology is the climatology baseline update to 2020 in addition to the
treatment of zero values. The new method closely replicates the previous version of anomaly
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calculation in pattern of positive/negative values: range above and below average; but extremes
are attenuated overall.

Zooplankton species (see Table 20-1 for species breakdown of groups) from the west coast of
B.C. with similar zoogeographic ranges and ecological niches usually have a very similar
anomaly time series (Mackas et al. 2006); therefore, multiple species were averaged within
species groups (and size classes within major taxa) to show interannual variability (Galbraith
and Young 2017; Mackas et al. 2013a; Irvine and Crawford 2013). All data presented here are
very preliminary as sample identification and enumeration continues; numbers will change as
analysis is completed but directions of trends usually do not change.

20.3. Status and trends

The biomass anomaly time series for copepod species groups ‘southern’, ‘subarctic’ and ‘boreal
shelf’ focus on SVI and NVI shelf/offshore, stations P4-P12 on Line P, and Hecate Strait regions

(Figure 20-2). Cool years tend to favour endemic ‘northern’ taxa; whereas warm years favour
colonization by ‘southern’ taxa. See Mackas et al. (2013b) for pre-1995 anomalies, and
descriptions on how to interpret the anomaly patterns.

Table 20-1. Zooplankton groups described in the time series in Figure 20-2.

Zooplankton group

Species

Comments

Southern copepods

Acartia danae, A. arbruta,
Clausocalanus spp., Calocalanus
spp., Ctenocalanus vanus, Eucalanus
californicus, Mesocalanus tenuicornis,
Paracalanus spp.

Centered about 1000 kilometers
south of our study areas (either in
the California Current and/or further
offshore in the North Pacific Central
Gyre)

Boreal shelf copepods

Calanus marshallae, Pseudocalanus
spp., Acartia longiremis

Southern Oregon to the Bering Sea

Subarctic oceanic copepods

Neocalanus plumchrus, N. cristatus,
N. flemingeri, Eucalanus bungii,
Metridia pacifica

Inhabit deeper areas of the
subarctic Pacific and Bering Sea
from North America to Asia

Euphausiids

Euphausia pacifica, Thysanoessa
spinifera

Centered off west coast of N.
America; euphausiid biomass
corrected for day/night tows.

Southern chaetognaths

Mesosagitta minima, Serratosagitta
bierii, Parasagitta euneritica

Centered off California/Mexico

Northern chaetognath

Parasagitta elegans, Eukrohnia
hamata

Boreal Pacific into the Arctic

In 2022, southern copepod species were more prevalent in the SVI offshore and Hecate regions
than on the shelf and continued to decline in abundance in all areas, by comparison to previous
years, particularly NVI shelf and offshore (Figure 20-2). Boreal shelf and subarctic copepods
increased or were near average in biomass across all areas. The dip in the subarctic copepods
in 2021, in the shelf area, may be a result of high numbers in the early summer (cooler waters)
to the almost complete absence in the late summer/early fall (much warmer waters).

91



hecate

—— NVI shelf

——SVi shelf

Boreal Copepods

pd_pl2

—— SVl offshore  —— NVI offshore

Boreal Copepods

gw/Bw Ajewoue ssewoiq 30|

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

hecate

—— NVI shelf

Southern Copepods ——svishelf

pa_p12

Southern Copepods — sy offshore —— NI offshore

15

cw /3w Ajewoue ssewoiq 3o|

-L.5

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

hecate

—— NVI shelf

Northern Copepods ——svishert

p4_pl2

Northern Copepods ——svioffshore —— NVi offshore

n
-

€w/3w Ajewoue ssewolq 3o|

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990

2. Zooplankton species-group anomaly time series for the regions shown in Figure 20-1. Southern Vancouver

Island (SVI) green; Northern Vancouver Island (NVI) orange; Hecate Strait blue; Line P purple - shelf areas on left and

offshore areas on right panels. Blank years mean no samples were collected.

Figure 20-

Euphausiid biomass peaks are mainly in the NVI shelf area (Figure 20-3) and the SVI offshore

region. The majority of the changes in biomass for the euphausiids are a result of growth; early
in the year most are larval and as the year progresses, they grow to juvenile or adult stages.
This may bias the annual anomaly but the overall picture is an increase in biomass except for

the SVI shelf

NVI offshore and Hecate Strait area, and around average along inner Line P.
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Figure 20-3. Euphausiid species comparison: Euphausia pacifica (left panel) and Thysanoessa spinifera (right panel)
Vancouver Island shelf and offshore areas.

Larvaceans, siphonophores, and hydromedusae biomass anomalies continued to be positive for
2022 in all regions and were the main contributors to the gelatinous group. There was a sharp
decrease in doliolid biomass across all regions, beginning in 2020 and continuing into 2022,
with almost near absence in all areas. Salps, with very high numbers in 2021 were absent along
the whole coast in 2022. This had a moderating effect on the CSIndex or “Crunchies
(crustacean): Squishies (gelatinous)” Index (see Galbraith and Young 2019 for detailed
explanation) through the averaging of regional data. The regions that had increases in
gelatinous biomass contained mainly large numbers of Pleurobrachia and Mitrocoma. This
represents the first year in a long time that the local gelatinous community were truly
represented, without southern influence.

Shelf areas showed positive gelatinous biomass anomalies; whereas, the offshore areas were
negative (Figure 20-4). Crustaceans were only positive in the NVI shelf and SVI offshore
regions which may reflect the increase in Neocalanus biomass in those areas. The index
reflects a return to average biomass which would imply lower biomass overall for 2021 and
2022 in comparison to previous years (which were all above average).
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Figure 20-4. Biomass anomalies for selected crustaceans (orange: Crunchies) and gelatinous (blue: Squishies).

Along with the northern/southern copepod groupings, the chaetognaths show a strong
correspondence to warm water intrusions, northern species give way readily to the southern
community (Figure 20-5). The southern chaetognaths are very sensitive to cold water and when
surface water temperatures cool during La Nifia conditions, they are no longer found in samples
collected from the Canadian west coast. The last couple of years have seen a steady drop in
southern chaetognath biomass and a corresponding increase in northern chaetognath biomass,
mainly Parasagitta elegans.
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Figure 20-5. Northern chaetognaths (left panel) and Southern chaetognaths (right panel) biomass anomalies
for selected areas.

20.4. Implications of those trends

Overall, 2022 saw a return to near-average biomass for crustaceans and gelatinous animals of
the boreal/subarctic community in most regions. The above average euphausiid biomass
anomalies in the SVI regions and NVI shelf, coupled with the spring/early summer increase of
subarctic and boreal copepods (with high lipid content) may have provided good feeding
conditions for larval fish, juvenile fish (especially out-migrating salmon smolts), and
planktivorous seabirds feeding in the spring.
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21.1. Highlights

e In 2022, the mean copepod size, an index of community composition, appeared to have
returned to average following the marine heatwaves that started in 2014, and copepods
typically associated with warmer waters have declined in abundance, in both the

offshore and shelf regions around B.C.

o Phytoplankton community indicators appeared to have returned to values of pre-
heatwave (2014-2016) conditions in the offshore region.

21.2. Sampling

60" p

71 X %
- offshore samples |
- shelf samples
2022 s_amplss

gt

45"N
150" w i "W
TEw 140" w 135" W 130 W b
Figure 21-1. Map showing the location of historic CPR samples
(2002-2021) red = offshore, black = shelf. Yellow circles are the
location of the 2022 samples, note some 2022 samples are not yet

analysed so are not shown.

Sampling from commercial ships,
towing a Continuous Plankton
Recorder (CPR), occurred
approximately monthly, 6-9 times per
year, between March and October in
the NE Pacific, (Figure 21-1)
continuing a time series that began in
2000. Each CPR sample contained
the near-surface (about 7 m depth)
plankton from an 18.5 km length of
transect, filtered using 270 ym mesh,
and afterwards analyzed
microscopically to give taxonomically
resolved abundance data. 2022 CPR
data presented within this report are
provisional and only include the
months March-June and October, as
the rest of the samples are still being
analyzed.

All 2022 tows were completed as scheduled (Figure 21-1, see yellow circles). 2022 data have
not yet been finalized (where shown) and are therefore provisional and likely to change.

Sea Surface Temperature (SST) data from 2000 to 2022 were obtained from the International
Comprehensive Ocean-Atmosphere Data Set (ICOADS, 1° enhanced data,
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www.esrl.noaa.gov/psd/data/gridded/data.coads.1deg.html) for each region to characterize the
physical environment.

21.3. Description of the Plankton Time Series
21.3.1. Phytoplankton

The CPR effectively retains larger phytoplankton cells, especially chain forming diatoms and
hard-shelled dinoflagellates, and several time series are generated which reflect abundance and
community composition changes in the offshore and shelf regions: i) mean monthly diatom
abundances, ii) broad community composition, and iii) mean annual Community Temperature
Index (CTI) using each taxon’s mean abundance and Species Temperature Index (STI; mean
temperature in which the taxon was found in CPR samples with in situ temperature recorded;
taxa found in warmer waters have a higher STI than taxa found in colder waters).

21.3.2. Zooplankton

Mesozooplankton, especially crustacea, are well sampled by the CPR and several zooplankton
time series are generated: i) total zooplankton abundance, ii) taxon specific lengths and
abundances are used to calculate the mean copepod length each month, and iii) annual mean
zooplankton abundance for zooplankton groups of interest, such as warm water species.

21.4. Status and Trends
21.4.1. Phytoplankton

In the offshore region SST was similar to what it has been in recent warm years, whereas in the
shelf region it was cooler than it has been during heatwave years. The phytoplankton
community composition had higher numbers of round diatoms than heatwave years, reflecting
numbers that were closer to years prior to the heatwave in 2015 (Figure 21-2).
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Figure 21-2. Contribution of each group to the mean annual phytoplankton community offshore (left) and on the
shelf (right). SST is shown in red (right-hand axis, °C). Note: 2022 CPR data are provisional.

98

Sea Surface Temparature (°C)


http://www.esrl.noaa.gov/psd/data/gridded/data.coads.1deg.html

ikl

Both offshore and shelf regions
show similar trends in

T T
—&— Phyto CTI shelf
~—+—Phyto CTI offshore |

= 105 - .
5 phytoplankton CTI which correlate
- with observed SST; warmer
| _Y. i | g .
2000 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 COMMunities in the e_arly-ZOOOS,
Year cooler communities in the 2006 to
2 : IZ-s«:oreI annual SST BC offshore

2013 period before reaching a
maximum in 2015 (Figure 21-3)
and a warm period following. The
phytoplankton CTI values for the
: , 1 , | , : .| offshore region in 2022 are lower
2002 2004 2006 2008 2010 io;; 2014 2016 2018 2020 2022 than they have been Since 2012,
5 __Z-score annual SST BC shelf - whereas the shelf region have a
phytoplankton CTI that is still
elevated and similar to recent
warm years.

Z-score

Z-score

L
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

Figure 21-3. The mean annual phytoplankton Community Temperature
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for Sea Surface Temperature in the offshore (middle subplot) and shelf
(bottom subplot) region. Note: 2022 CPR data are provisional.

21.4.2. Zooplankton
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The numbers of copepods typically associated with warm waters were low and the mean size of
copepods increased in both regions in 2022 (Figure 21-4). Numbers of salps and doliolids
(gelatinous plankton) also decreased in 2022 in both regions.

21.5. Factors Influencing the trends

In 2022, ocean temperatures in both the shelf and offshore regions around B.C. were higher
than the mean, 2002-2022 (Figure 21-3), however the plankton communities appeared to be
returning to average values following the marine heatwaves of 2014-2016 (DiLorenzo and
Mantua 2016) and 2019 (Amaya et al. 2020). The phytoplankton associated with warmer waters
were lower in abundance in the offshore region, reducing the community temperature index
there relative to the shelf region (Figure 21-3), and the copepods associated with warmer waters
were lower in numbers in both regions in 2022 (Figure 21-4). Anomalously warm surface waters
can increase stratification thereby reducing nutrient availability. Lower nutrients can affect the
phytoplankton composition by promoting growth of smaller and narrower cells because of a
relatively larger surface area over which to absorb nutrients. In turn, the size and composition of
the phytoplankton will impact the zooplankton that are able to feed on them, and so the effects
pass up the food chain.

21.6. Implication of these trends

Warmer waters favour certain (often smaller) taxa over others, as seen by the fact that warmer
water taxa are more prevalent and there are higher CTl values during warm years. Such
communities may apparently persist for several years after a heatwave event, especially if
waters remain warm, however it appears that after 8 years of warmer than average conditions,
the plankton recorded in 2022 were returning to more typical sub-arctic/temperate communities.
The return of average values of large copepod abundance on the shelf and offshore regions
could influence food web functioning, since these copepods store more lipids to overwinter.
While we cannot be certain how changing taxonomic composition of the prey affects predators
via nutritional contributions to their diet, there could be some benefits of plankton communities
returning to average.
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22. SURVEYS FOR OLYMPIA OYSTERS (OSTREA LURIDA
CARPENTER, 1864) AT SIX INDEX SITES IN BRITISH COLUMBIA,
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22.1. Highlights

¢ Relative abundance of Olympia Oysters has remained stable at most index sites
between 2010 and 2022.

¢ Density trends varied between the east and west coast of Vancouver Island. Density in
2022 was lower than in 2021 at sites in Barkley Sound while density remained stable at
east coast sites.

o Extreme heat events, such as the heat dome of 2021, may have long-term effects on
Olympia Oyster survival and reproduction. However, no evidence of decrease in density
was observed at east coast index sites in 2022 suggesting that the heat dome did not
affect Olympia Oyster survival at these sites in the short term.

22.2. Description of the time series

Thirteen locations around Vancouver Island were chosen as Olympia Oyster index sites in 2009
(DFO 2009). Between 2009 and 2017, each index site was surveyed two to four times (Norgard
et al. 2018). The number of index sites was reduced to six in 2018 so that each site could be
sampled annually (there are a limited number of very low tides (< 0.2 m) when surveys can
occur each year). Annual surveys would more rapidly identify abundance trends and provide a
better understanding of population dynamics. The six sites selected are: 1) Swy-a-lana Lagoon,
Nanaimo, 2) Transfer Beach, Ladysmith, 3) Joes Bay, Barkley Sound, 4) Hillier Island, Barkley
Sound, 5) Harris Point, Barkley Sound, and 6) Port Eliza, Nootka Sound. Each of these sites
has been surveyed annually since 2018, except in 2020 when the COVID-19 pandemic halted
survey activities. Surveys were conducted during the lowest tides of the month (typically < 0.1 m
tides) and took 1-2 days to complete. Olympia Oyster index site surveys followed a stratified
two-stage survey design (Gillespie and Kronlund 1999; Norgard et al. 2010) which ensured that
sampling was distributed over the entire survey area. Counts of Olympia Oysters were split into
two size categories: >15 mm (large) and <15 mm (small) since it is difficult to distinguish
between Olympia Oysters and Pacific Oysters when they are <15 mm shell length.

22.3. Status and trends

Olympia Oyster was designated as a species of Special Concern in 2003 under the Species at
Risk Act (SARA). A management plan was developed for Olympia Oyster in 2009. One of the
objectives of the management plan is to ensure the maintenance of the relative abundance of
Olympia Oysters at index sites. Since the start of the time series in 2010, the large size class (>
15 mm) of Olympia Oysters at index sites have shown varying long-term trends (Figure 22-1).
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Figure 22-1. Density of large (>15mm shell length) Olympia Oyster, between 2010 and 2022, at index sites located
around Vancouver Island (Herder et al. 2022).

Port Eliza, Nootka Sound: Despite high densities overall, the density of Olympia Oysters in the
large size class has declined since the start of the time series; from 278.9 + 73.5 oysters m=2 in
2010 to 82.9 + 17.2 oysters m2 in 2022.

Hillier Island, Barkley Sound: Density of Olympia Oysters generally increased over the time
series. In 2010, density of large Olympia Oysters was 27.5 + 9.7 oysters m. Density increased
to 43.7 + 20.5 oysters m?in 2012, decreased to 16.9 + 3.9 oysters m?by 2018 and increased
again to 93.0 = 17.6 oysters m2in 2021, the highest in the time series. In 2022, density declined
to 69.3 + 12.7 oysters m.

Harris Point, Barkley Sound: Density of Olympia Oysters (large size class) increased steadily
from 52.7 + 18.4 oysters m2in 2012 to 176.6 + 28.9 oysters m2 in 2021 (highest value of the
time series). In 2022, density declined to 119.7 £ 24.0. In 2010 small and large Olympia Oysters
were not distinguished from each other, however, density of the small and large size classes
combined was 47.0 + 10.9 oysters m=2,

Joes Bay, Barkley Sound: Only results from Stratum 2 are discussed (Stratum 1 is very small
and was only surveyed in 2014 and 2015). Density of large Olympia Oysters in Stratum 2
increased from 1.9 + 1.2 Olympia Oysters m= in 2014 to 30.3 + 11.3 Olympia Oysters m2in
2017. Density has remained relatively stable since 2017. Density was highest in the time series
in 2021 (31.8 + 9.0 oysters m). In 2022, density declined to 20.5 + 6.4 oysters m™.

Swy-a-lana Lagoon, Nanaimo: Small and large Olympia Oysters were not distinguished in 2010.
Between 2013 and 2021 density of large Olympia Oysters fluctuated. In 2013, density was 35.3

+ 8.4 oysters m. Density increased, decreased and increased again to 98.7 + 32.1 oysters m

in 2022; the highest value in the time series.

Transfer Beach, Ladysmith: Density of large Olympia Oysters remained fairly constant at this
site over the time series, with density ranging between a low of 19.8 + 4.7 oysters m in 2021
and a high of 28.4 + 6.9 oysters m?in 2019. Density in 2022 also fell within this range at 25.9
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oysters m? observed (in 2011 and 2016 only one stratum was surveyed so these data were not
included in the density range reported here).

22.4. Factors influencing trends

Location and size of survey strata at some sites were inconsistent in the early years (e.g. Port
Eliza, Joes Bay, Transfer Beach), the number of strata surveyed at some sites varied from year
to year with some strata being dropped from the sampling plans, and gaps of several years
between surveys at some sites makes interpretation of trends difficult. The data from 2018
onward followed a consistent sampling design and should allow us to determine trends of
abundance over time more reliably. Found in the low intertidal zone, Olympia Oyster survival
and reproduction is affected by extreme fluctuations in temperature (DFO 2009). The heat dome
of June 2021 occurred when the lowest tides of the year occurred in the afternoon which led to
long exposures of oysters out of the water at the time of day when the heat was most intense.
The heat dome did not appear to affect Olympia Oyster survival at sites in the Strait of Georgia
as no declines in density of Olympia Oyster were observed at Swy-a-lana Lagoon or Transfer
Beach in 2022. Swy-a-lana Lagoon is a unique site in that oysters are found in terraced pools
and are never out of the water. Olympia Oysters at this site would have been less impacted by
the heat dome compared to the Transfer Beach site. On the west coast of Vancouver Island, it
is less clear whether the heat dome affected oyster densities. Olympia Oyster density declined
at sites in Barkley Sound but in 2021 they were surveyed after the heat dome. However,
Olympia Oyster density at Port Eliza remained similar in 2021 and 2022 but Port Eliza was
surveyed before the heat dome.

22.5. Implications of those trends

Olympia Oyster density varied across Vancouver Island as did density trends, suggesting that
different factors may influence populations dynamics at each index site. In 2010, Port Eliza had
the highest density of all sites in the time series (278.9 + 73.5 oysters m). Despite a large
decrease in density since 2010, Port Eliza remains a relatively high-density site. Density at the
three sites located in Barkley Sound declined slightly in 2022 after showing their highest
respective densities in 2021. Density at the two sites in the Strait of Georgia has remained
relatively stable over the time series. These results suggest that the management objective of
maintaining density at the index sites is being achieved.
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23. EULACHON STATUS AND TRENDS IN SOUTHERN B.C.

Linnea Flostrand, Sarah Hawkshaw, Chris Rooper and Madeline Lavery,Fisheries and Oceans
Canada, Pacific Biological Station, Nanaimo, B.C.

Linnea.Flostrand@dfo-mpo.gc.ca, Sarah.Hawkshaw@dfo-mpo.gc.ca; Chris.Rooper@dfo-
mpo.gc.ca, Madeline.Lavery@dfo-mpo.gc.ca

23.1. Highlights

o In 2022, the Fraser River Eulachon egg and larval survey index of spawning stock
biomass was low (~10 tonnes), at a level comparable to the lowest estimates in the time
series since 1995.

o Mean Eulachon catch per unit effort estimates from an annual spring west coast of
Vancouver Island multispecies bottom trawl survey in 2022 had moderately high
estimates of catch weight per unit effort (similar to 2021 observations) and a reduction in
estimated numbers of Eulachon catch per unit effort from 2021, especially for smaller
Eulachon (up to 12.5 cm standard length).

23.2. Description of indices

Indices of Eulachon (Thaleichthys pacificus) used to monitor population dynamics over time are
based on:

1) An annual springtime Fraser River Eulachon egg and larval survey (1995 to 2022) used
to characterize spawner abundance (Hay et al. 2002; McCarter and Hay 2003),

2) Eulachon catches and catch samples from spring small-mesh multispecies bottom trawl
surveys off the west coast of Vancouver Island (WCVI, 1973-2019, 2021-2022) and in
the Queen Charlotte Sound (QCS, 1998-2012, 2016),

3) In-river catches of spawning Eulachon from past commercial fishing in the Fraser River
(1900-2004), in the Columbia River (1888-2010 and 2014-2015), and from standardized
gillnet surveys in the Fraser River (1995-2004 and; 2017-2022; not reported here).

23.3. Status and trends

Long-term declines of spawning Eulachon have been observed in many rivers throughout their
distribution from California to Alaska in the past 2-4 decades. The Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) assessed Eulachon in B.C. as three designatable
unit (DUs) populations in 2011. The Fraser River and Central Pacific Coast DUs were assessed
as endangered, and the Nass/Skeena DU was assessed as a species of special concern
(COSEWIC 2011, 2013).

Eulachon is an important First Nations fishery resource and in-river Eulachon Food, Social and
Ceremonial fisheries have occurred in years up until and including 2022 (DFO 2022).
Commercial fishing for Eulachon has been closed since 2004 but there was an active
commercial fishery for Eulachon in the Fraser River for over 90 years until a closure in 1997,
followed by temporary openings in 2002 and 2004 (DFO 2022).
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In 2022, the index of Eulachon spawning stock biomass in the Fraser River was estimated to be
low (~10 tonnes), comparable to the lowest estimates in the Fraser Eulachon egg and larval
survey time series since 1995, such as for years 2004-2011, 2016 and 2017 (Figure 23-1).
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Figure 23-1. Estimated spawning stock biomass indices (SSB in tonnes) of Eulachon from the South and North
Arms of the Fraser River, 1995-2022.

In 2022, mean Eulachon catch per unit effort (CPUE) observations from the spring WCVI
multispecies trawl survey showed moderately high estimates of catch weight per unit effort
(similar to 2021 observations) and a reduction in estimated numbers of Eulachon catch per unit
effort from 2021, especially for smaller Eulachon (up to 12.5 cm standard length; Figure 23-2).
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Figure 23-2. Eulachon mean CPUE from spring WCVI multispecies trawl surveys (2000- 2022, no survey in 2020)
and 95% studentized bootstrap confidence intervals (gray envelopes), as catch weight per trawl tow duration
(kg/hour, top panel) and number of fish per tow duration (bottom panel). Dashed lines represent mean catch number
per unit effort of Eulachon greater than 12.5 cm standard length (orange) or less than or equal to 12.5 cm standard
length (blue).

In 2022, Eulachon standard length observations from the spring WCVI multispecies trawl survey
appeared to have a bi-modal distribution with peaks within the ranges of 7-10 cm and 13-17 cm
but the relative amount of smaller fish was lower than in 2021 (Figure 23-3). Annual Eulachon
standard length frequency distributions are represented in two ways. One way shows
statistically unweighted standard length frequency histograms (Figure 23-3, right panel) where
fish length observations were pooled across all fishing events (therefore each fish specimen
observation has equal statistical weight). The other way shows standard length frequency
histograms where samples of fish length observations were statistically weighted by the
estimated total number of Eulachon caught in each fishing event and standardized by the fishing
duration (in hours) of each fishing event (Figure 23-3, left panel). The weighting method resulted
in reducing the number of fish under 5 cm observed in the 2022 sampling efforts.
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23.4. Factors causing those trends

There is considerable uncertainty associated with the ecology and stock dynamics of Eulachon.
The reasons for the large interannual variation in Fraser Eulachon spawner index observations
in recent years is not well understood. The low 2022 index was not anticipated, especially given
the moderately high marine WCVI CPUE trends in 2021 and 2022 and that Eulachon
abundance trends for the Columbia River had 2022 as one of the highest levels over the last 20
years. It is uncertain what age range and composition comprise the Fraser Eulachon spawning
stock each year and to what degree spawning stocks and cohorts may mix and be under
metapopulation influences. It is generally believed that most Eulachon die after spawning but
there is some evidence to suggest that some individuals (especially females) may repeat spawn
(Dealy and Hodes 2019).
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For years when low Eulachon spawner levels are evident, it is stated in Schweigert et al. (2012)
that “no single threat could be identified as most probable for the observed decline in
abundances among DUs [designatable units] or in limiting recovery. However, mortality
associated with coastwide changes in climate, fishing (direct and bycatch) and marine predation
were considered to be greater threats at the DU level, than changes in habitat or predation
within spawning rivers.”

23.5. Implications of those trends

Reduced biomass of Eulachon has negative implications for First Nations, commercial and
recreational fishers. Eulachon are socially and culturally significant to many First Nations who
have been harvesting Eulachon at low levels. Commercial and recreational fisheries targeting
Eulachon have been closed for over a decade (DFO 2022). Incidental capture of Eulachon in
the marine environment has negative implications on trawl fisheries targeting other species, as
trawl fisheries may be subject to area closures or reduced fishing effort to reduce Eulachon
mortality.

Reduced Eulachon abundance also likely has negative impacts on their predators. Important
predators of Eulachon include: marine mammals (particularly seals and sea lions at or near
estuaries), White Sturgeon, Spiny Dogfish, Chinook and Coho Salmon, Pacific Hake, Pacific
Halibut, Walleye Pollock, Sablefish, rockfish, Arrowtooth Flounder, and others (Levesque and
Therriault 2011). Diet data time series of Eulachon and their predators would improve our ability
to examine temporal trends in predator-prey interactions and the implications of those trends.
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24. PACIFIC HERRING IN BRITISH COLUMBIA, 2022

Jaclyn Cleary, Sarah Hawkshaw, Matt Grinnell, Sarah Power, Ashley Burton, Matt Thompson,
Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C., Jaclyn.Cleary@dfo-

mpo.gc.ca
24.1. Highlights

¢ Inrecent years, following a declining trend from approximately 1980 to 2010, weight-at-
age for all B.C. stocks of Pacific Herring have either remained unchanged or have

increased.

e Total B.C. coastwide spawning biomass summed across the 5 major stocks has been
increasing since 2010. The estimated herring spawning biomass varied among the
assessed stocks with more than 50% of the total biomass of herring in B.C. occurring in

the Strait of Georgia (SOG).
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Figure 24-1. Location of the five major
(Strait of Georgia, West Coast of
Vancouver Island, Prince Rupert District,

Haida Gwaii, and Central Coast) as well as

two minor (Area 2W, and Area 27) Pacific
Herring stocks in B.C.

24.2. Summary

In B.C., Pacific Herring are managed as five major
stocks (SOG; West Coast of Vancouver Island, WCVI;
Prince Rupert District, PRD; Haida Gwaii, HG; and
Central Coast, CC), and two minor stocks (Area 2W
and Area 27) (DFO 2022; Figure 24-1). For each
stock, herring population trends are based on stock-
specific model estimates of biomass. Statistical catch-
at-age models are fit to time series data: commercial
and test fishery biological samples (age, length,
weight, sex, etc.), herring spawn survey data (spawn
index), and commercial harvest data (DFO 2022).

24.3. Status and trends

In all five major herring stocks there was a declining
trend in weight-at-age from the 1980s through to 2010,
with a leveling off or increase in recent years (Figure
24-2). Since 2000, the HG stock has been in a low
biomass state and below the limit reference point
(LRP) for most years between 2000-2017, with a small
increase in 2020 and 2021 (DFO 2022). The estimated
stock biomass for PRD is above the LRP and
increased in 2019-2022. The CC survey biomass is
above the LRP and shows an increasing trend from

2015-2020, however it declined in 2021 and 2022. The SOG spawning biomass varies
extensively over the time series and is estimated to have been above the LRP in all years since
2010. Biomass decreased in 2021 but remains above the LRP and is still relatively high
compared to historic estimates (Figure 24-3). WCVI stock biomass has slowly increased since
2012 and is currently above the LRP (DFO 2021; Figure 24-3).
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Figure 24-2. Observed weight-at-age 3 (circles) and five-year running mean weight-at-age 3 (dark line)
for major Pacific Herring stocks, 1951 to 2022. Thinner black lines represent five-year running mean
weight-at-age 2 (lowest) and ages 4-10+ (incrementing higher from age 3). Figure from DFO (2022).

24.4. Factors influencing trends in herring biomass

Common trends in herring weight-at-age observed for all B.C. stocks suggests that large-scale
factors may be influencing herring growth. Changes in environment, food supply and quality,
predator abundance, and competition are factors that could affect trends in herring biomass and
weight-at-age (Schweigert et al. 2010; Hay et al. 2012).

Pacific Herring are zooplanktivorous, consuming primarily euphausiids (krill) and some
copepods (Wailes 1936). Changes in ocean conditions, such as temperature or currents, could
affect the amount and types of prey available. For example, a northerly current direction results
in the presence of California current waters off the WCVI and may bring southern zooplankton
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species that have a lower energetic value, creating poorer feeding conditions for herring
(Schweigert et al. 2010; Mackas et al. 2004).

There are a wide variety of herring predators, including Pacific Hake, Lingcod, Spiny Dogfish,
Pacific Cod, Sablefish, Arrowtooth Flounder, Pacific Halibut, Steller Sea Lions, Northern Fur
Seals, Harbour Seals, California Sea Lions, and Humpback Whales (Schweigert et al. 2010).
Herring — predator interactions have been studied off of the WCVI, where the abundance of
most marine mammal predators has increased (Olesiuk 2010; DFO 2021; Wright et al. 2021).
Spatio-temporal model results suggest that the strongest drivers of summer distribution and
biomass of Pacific Herring off the WCVI include: 1) zooplankton prey availability, 2) predator
avoidance, particularly Pacific Hake, and 3) competition with sardines (Godefroid et al. 2019).
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24.5. Implications of trends

Trends in herring biomass have implications for both fisheries and predators. Pacific Herring are
an important component of commercial fisheries in B.C. Harvest options (total allowable catch,
TAC) considered by Fisheries Management reflect application of simulation tested management
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procedures (MP) to one-year forecasts of herring biomass. All TAC options reflect MPs that
meet the conservation objective of avoiding the LRP with a minimum 75% probability.

Trends in herring biomass have implications for herring predators, such as fish, marine
mammals and seabirds. The relative importance of herring in each predator’s diet varies;
however, herring may represent up to 88% of Lingcod diet (Pearsall and Fargo 2007), 40% of
Pacific Cod and Pacific Halibut diets (Ware and McFarlane 1986), and 35% to 45% of pinniped
diets (Olesiuk et al. 1990; Womble and Sigler 2006; Trites et al. 2007; Olesiuk 2008).
Depending on the level of diet specialization and ability to switch to alternate prey, herring
abundance and condition may affect predators’ growth and abundance. Time series of diets of
animals in this ecosystem would improve our ability to examine temporal trends in predator-prey
interactions and implications of those trends.
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25. PACIFIC HERRING SUMMER DISTRIBUTION AND ABUNDANCE
OFF THE VANCOUVER ISLAND CONTINENTAL SHELF

Jennifer Boldt, Chris Rooper, Hilari Dennis-Bohm, Jackie King, Amy Tabata, Kelsey Flynn, Tyler
Zubkowski, and Linnea Flostrand, Fisheries and Oceans Canada, Pacific Biological Station,
Nanaimo, B.C., Jennifer.Boldt@dfo-mpo.gc.ca

25.1. Highlights

e In July 2022, Pacific Herring biomass off the west coast of Vancouver Island was the
highest in the time series (2006-2022).

o In July 2022, Pacific Herring were generally higher in all survey areas along the west
coast of Vancouver Island compared to most other years in the time series.

25.2. Description of the time series

The Integrated Pelagic Ecosystem Science (IPES) survey is part of an integrated project
designed to study the structure and function of the pelagic ecosystem on the Vancouver Island
continental shelf (< 200 m bottom depth), during summer (see King et al. 2019; Boldt et al.
2020). The survey was conducted during July 5-31, 2022. The goal of the survey is to
understand factors affecting the distribution, abundance, and food web linkages of pelagic fish
species, such as Pacific Herring. Survey objectives are to: 1) examine species distribution,
composition, and abundance; 2) collect morphometric data, diet data, and biological samples;
and 3) examine the prey environment by sampling zooplankton (vertical bongo net hauls) and
conducting oceanographic monitoring (temperature, salinity, fluorescence). This is a random
stratified trawl survey with 8 strata defined by depth and biological communities. A subset of
blocks was randomly selected (allocated by strata sizes). Midwater trawl nets were used to
sample fish (2017: CanTrawl 250; 2018-present: LFS 7742; see Anderson et al. 2019) at
randomly assigned depths (0 or 15 m). Catch per unit effort (CPUE) was estimated as species’
catch weights divided by swept volume (product of net mouth opening height, width, and
distance towed). Herring biomass was estimated using a spatio-temporal model (Anderson et al.
2022) that combined IPES data with historic night-pelagics survey data (see Flostrand et al.
2014), while accounting for important variables, such as daytime or nighttime trawl sets and
gear depth.

25.3. Status and trends

As seen in previous years Pacific Herring were the species most frequently caught during the
survey (Boldt et al. 2020). Pacific Herring are typically broadly distributed on the Vancouver
Island continental shelf in the upper ~45 m of the water column during night time hours. CPUE
was roughly twice as high in nighttime tows as daytime tows and highest near the surface as
expected given their diel behaviour (Figure 25-1). In 2022, herring biomass was the highest in
the time series (with a high variance estimate) (Figure 25-1). Areas of highest CPUE were
located off the southwest coast of Vancouver Island. However, CPUE was generally higher
along most of the west coast of Vancouver Island survey area in 2022 compared to most other
years in the time series (Figure 25-1). In 2022, the total estimated biomass of Pacific Herring
was 241,126 t.
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25.4. Factors influencing trends

Figure 25-1. Pacific Herring biomass, as estimated with a spatio-temporal model, in the night pelagics (2006-2014)
and Integrated Pelagic Ecosystem Science surveys (2017-2022) (top panel), effect of day vs night on abundance
estimates (bottom, left panel), and total biomass estimates, 2006-2022 (bottom, right panel).

Environmental variables, such as temperature, are known to affect Pacific Herring recruitment
and survival (Tester 1948; Ware 1991). Bottom-up control of production can also influence fish
abundance (Ware and Thompson 2005; Perry and Schweigert 2008; Schweigert et al. 2013;
Boldt et al. 2018). Pacific Herring are zooplanktivorous, consuming primarily euphausiids and
some copepods (Wailes 1936). Changes in ocean conditions, such as temperature or currents,
could affect the amount, types, and quality of prey available. For example, a northerly current
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direction could bring warm-water, low-lipid copepods to the west coast of Vancouver Island,
creating poorer feeding conditions for herring (Schweigert et al. 2010; Mackas et al. 2004).

There are a wide variety of herring predators including Pacific Hake, Lingcod, Pacific Spiny
Dodgfish, Pacific Cod, Sablefish, Arrowtooth Flounder, Pacific Halibut, Steller Sea Lions,
Northern Fur Seals, Harbour Seals, California Sea Lions, and Humpback Whales (Schweigert et
al. 2010). At the margins of Pacific Hake and Pacific Herring distributions, consumption of
Pacific Herring by Pacific Hake may be high (Ware & McFarlane 1986; 1995). In areas where
Pacific Hake densities are high, Pacific Herring may have to trade off predation risk against
finding prey (e.g., euphausiids; Godefroid et al. 2019).

25.5. Implications of those trends

One of the many types of data collected on this survey is a time series of Pacific Herring
abundance and distribution during their summer foraging period. Stock assessments for Pacific
Herring are driven by spring egg dive surveys to estimate spawning stock biomass; however,
stock assessments indicate temporal changes in natural mortality — the causes of which are
unknown. This survey examines Pacific Herring abundance and distribution in the summer,
providing an improved understanding of factors affecting their mortality. Spatial data from this
survey supports the hypothesis that Pacific Hake predation is an important factor to include in
estimating Pacific Herring mortality (Boldt et al. 2019; Godefroid et al. 2019). Pacific Herring
aggregations along the west coast of Vancouver Island are also informative when determining
variability in seabird and marine mammal distributions. Mismatch between Pacific Herring
aggregations and seabird or marine mammal foraging areas could translate into decreased
growth or survival of those predators. This time series provides an indicator of ecosystem
productivity and the availability of Pacific Herring to their predators.
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26.2022 JUVENILE SALMON SURVEYS ON THE CONTINTENTAL
SHELF OF VANCOUVER ISLAND

Jackie King, Cameron Freshwater, Amy Tabata, Jennifer Boldt, Hilari Dennis-Bohm and Tyler
Zubkowski. Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C.,
Jackie.king@dfo-mpo.gc.ca

26.1. Highlights

e Chum and Pink Salmon were the dominant juvenile salmon species encountered in
summer and fall.

e Chum Salmon relative abundance in summer and fall were below average. Summer
juvenile Chum Salmon are usually dominated by west coast Vancouver Island stocks
(summer) and by Strait of Georgia stocks (fall) returning in 2025. The juvenile Chum
Salmon in fall were in better condition than usual.

¢ Pink Salmon relative abundance in fall was above average; these salmon will return to
spawn in 2023. These juvenile salmon, and those caught in summer, were in better
condition than usual.

¢ Sockeye Salmon relative abundance in summer and fall was below average. These
juvenile salmon are typically dominated by west coast Vancouver Island (summer) and
Strait of Georgia (fall) stocks returning in 2024.

¢ Chinook Salmon relative abundance in fall was above average, and these fish are
usually dominated by west coast Vancouver Island stocks ocean-type cycles that will
return in 2025.

e Coho Salmon in fall were in better condition than usual; these fish originate from
southern B.C. and Puget Sound and will return in 2023.

26.2. Description of the time series

Summer Integrated Pelagic Ecosystem Survey on the continental shelf of Vancouver Island

Since 1998, daytime juvenile salmon surveys have been conducted on the continental shelf of
the northern and western coast of Vancouver Island (WCVI) during summer, typically late-June
to early-August. For 1998-2016 surveys, tows were conducted at headrope depths of surface,
15 m or 30 m using mid-water trawl gear (CanTrawl 250) along standard transects that
sometimes extended from coastal inlets to beyond the shelf-break. In 2017, the survey design
was switched to a stratified, random design (King et al. 2019) which continued in 2018 (July 5-
29). The survey area was portioned into 8 strata based on depth contours (50-100 m; 100-200
m) and known biological communities. Each strata was gridded into 4 x 4 km blocks, from
which a random set of blocks were selected in proportion to the relative area of each strata to
the whole survey area. Since 2017, each tow location is fished in day and again at night.
Fishing was conducted with the same historical trawl gear in 2017 and with a replacement mid-
water trawl net (LFS 7742) in 2018. In 2022, trawling was limited to headrope depths of surface
and 15 m. Gear calibration between the historic CanTrawl 250 and the replacement LFS 7742
nets indicate that catch-per-unit effort (CPUE) calculated with swept volume (km?®) are
comparable (Anderson et al. 2019).
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Figure 26.1. Annual (log) Abundance Index estimated from geostatistical models for juvenile Chinook, Chum, Coho,
Pink and Sockeye Salmon caught in summer on the continental shelf of Vancouver Island and in fall on the
continental shelf and inlets of Vancouver Island. Open circles denote years without a survey in that season; index
values for missing years estimated from both annual autocorrelation and the other season if available. See
Freshwater et al. (in press) for estimation methods.

Fall Juvenile Salmon Survey on the continental shelf and inlets of Vancouver Island

Fall surveys for juvenile salmon have also been conducted on the continental shelf, and inlets of
Vancouver Island since 1998, albeit more intermittently. Tows are conducted at standard
stations along the coast and within inlets. Similar trawl gear to summer surveys was used. In
2022, daytime trawling was randomly conducted at headrope depths of surface and 15 m.
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For both survey time series, changes in survey design as well as survey timing and location,
along with factors such as headrope depth, or time of day for fishing have impacts on the
estimation of relative abundance indices, such as catch per unit effort. We now estimate an
Abundance Index from geostatistical models that account for changes in survey locations, and
includes impacts such as sample timing, headrope depth, diurnal vs. nocturnal sampling, and
changes in summer survey design (Freshwater et al. in press). Length and weight data were
used to estimate species-specific length-weight regressions across years with annual weight
residuals presented to represent condition.

26.3. Status and trends

Relative abundance

The Abundance Indices (log) derived from seasonal and species-specific geostatistical models
(Figure 26-1) indicate Chum and Pink Salmon were the most abundant species encountered in
both summer and fall. The 95% confidence intervals associated with the 2022 Abundance
Index for summer caught Sockeye Salmon were below average; those for summer and fall
caught Chum Salmon were also below average, but the intervals marginally included the
average values (Figure 26-1). Conversely, fall caught Chinook Salmon and Pink Salmon were
above average (Figure 26-1). All other Abundance Indices were close to average (Figure 26-1).

Condition

The 2022 summer median and quartile ranges of weight residuals for Coho Salmon were above
average (Figure 26-2). Similarly in fall, the median weight residuals for Chum Salmon and Pink
Salmon were also above average, but the lower quartile range marginally includes zero (Figure
26-2). While the residuals for Sockeye Salmon in summer were well below average, too few
samples were collected these results should not be considered.
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combined) for juvenile Chinook, Chum, Coho, Pink and Sockeye Salmon caught in summer on the continental shelf of
Vancouver Island in fall on the continental shelf and inlets of Vancouver Island.
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26.4. Factors influencing trends

The relative abundance of juvenile salmon in coastal regions reflects cumulative impacts,
including, but not limited to, spawner-egg-fry productivity in freshwater, in river mortality for out-
migrating smolts and ocean conditions coupled with trophic impacts (prey quality and
availability, predation) in the first few months in the ocean. Prey quality and availability can also
influence condition. In 2022, summer Coho Salmon and fall Pink Salmon were fatter than
normal and both species’ diets had large proportions of crabs and euphausiids. Chum Salmon
however did not consume large proportions of these prey items, highlighting that other factors
such as size-selective mortality (i.e. smaller, skinnier fish) may influence condition trends.

26.5. Implications of those trends

The juvenile Pacific salmon encountered in these surveys will return to spawn at varying times,
but generally these Abundance Indices and condition apply to: Coho and Pink Salmon returning
in 2023; stream-type Chinook and Sockeye Salmon returning in 2024; and ocean-type Chinook,
Chum and Harrison Sockeye Salmon returning in 2025. Genetic stock identification from
previous surveys provide general indication of regional origins of the salmon encountered. The
continued below average Abundance Index in summer and fall for Chum Salmon apply
predominately to west coast Vancouver Island stocks (summer) and Strait of Georgia stocks
(fall) returning in 2025. The below average Abundance Index in summer and fall for Sockeye
Salmon apply predominately to west coast Vancouver Island stocks (summer) and Strait of
Georgia stocks (fall) returning in 2024. The above average Chinook salmon fall Abundance
Index most likely apply to west coast Vancouver Island stocks ocean-type cycles that will return
in 2025. There are insufficient genetic stock identification results from previous surveys to
indicate the dominant region of origin for Pink Salmon encountered in fall.
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27. STATE OF CANADIAN PACIFIC SALMON IN 2022
Bronwyn L. MacDonald', Sue C.H. Grant'!, Dawn Lewis?, Niki L. Wilson®

'State of Salmon Program, Fisheries and Oceans Canada, Sue.Grant@dfo-mpo.gc.ca,
Bronwyn.MacDonald@dfo-mpo.gc.ca,

2Acting Salmon Coordinator, Fisheries and Oceans Canada, Dawn.Lewis@dfo-mpo.gc.ca
3Consultant, Nikilynnwilson@gmail.com

27.1. Highlights

¢ Many Canadian populations of Pacific salmon have exhibited significant declines in
abundance, coinciding with global climate change responses in freshwater and marine
ecosystems.

e Chinook Salmon returns in 2022 continued their trend of low abundances in many areas,
with exceptions (examples: WCVI hatchery returns, ECVI Fall returns).

e Sockeye Salmon returns in 2022 were strong in several areas (example: Skeena, Nass,
Northern Transboundary, WCVI), but were below average for the Fraser Sockeye
aggregate.

e Even-year Pink Salmon returns in 2022 were average to above average in northern B.C.
and on the east coast of Vancouver Island, and below average on the central coast and
mainland inlets.

e Chum Salmon returns in 2022 were generally poor to extremely poor with some
exceptions: Nass Chum, enhanced Bella Coola Chum, and lower Strait of Georgia.

e Coho Salmon returns to many systems in 2022 were near average, while others were
mixed.

27.2. Description of the Canadian Pacific salmon time series

Catch data are available up to 2021 for the five Pacific salmon species managed by DFO
(Sockeye, Chinook, Coho, Pink and Chum; NPAFC: https://npafc.org/statistics/).

Most information on returning abundances of Pacific salmon in 2022 is available only in
qualitative form at the time of this report. Qualitative input on 2022 returns was provided through
DFO staff.

Wild Salmon Policy (WSP) rapid statuses are available for 69 Pacific salmon Conservation Units
(CUs), within DFQO’s Pacific Salmon Status Scanner (The Scanner), an interactive data
visualization tool for salmon experts (Pestal et al. 2023a, 2023b). The WSP rapid status
approach uses an algorithm and expert review process to approximate the results of labour-
intensive WSP integrated status assessments (Holt 2009; Holt et al. 2009; Grant et al. 2011,
2020; Grant and Pestal 2012; DFO 2015, 2016; Brown et al. in press; Pestal et al. 2023b,
2023a). Briefly, to generate WSP rapid statuses, escapement data up to 2019 were obtained
from DFO Stock Assessment biologists (see Pestal et al. 2023b, 2023a). Processing steps,
including data quality filtering, site selection, and infilling, were applied to escapement estimates
to arrive at a quality-controlled aggregate escapement time series for each CU (Pestal et al.
2023a). In collaboration with species experts, Wild Salmon Policy metrics were calculated for
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each CU, where appropriate, and the WSP rapid status algorithm was applied to generate WSP
rapid statuses (Pestal et al. 2023a).

27.3. Canadian Pacific salmon status and trends
27.3.1. Trends in salmon catch

Aggregated catch of the five DFO-managed Pacific salmon species has declined in recent
decades (Figure 27-1). This is due to declines in target salmon population abundances, and
constraints placed on mixed-stock fisheries to protect co-migrating salmon populations in poor
status (Grant et al. 2019). Low returns from 2019 to 2021 led to extremely low Canadian catch,
averaging 2.3 million.
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Figure 27-1. Commercial, recreational and Indigenous subsistence catch of Canadian Pink, Chum, Sockeye, Coho
and Chinook Salmon (Grant et al. 2019; NPAFC statistics: https://npafc.org/statistics/ ). Average catch from 1925-
1993 was 24.2 million, and from 1994-2014 was 13.4 million. Catch since 2015 has averaged 4.8 million, with the
lowest catch on record occurring in 2021 (1.6 million).

27.3.2. Qualitative Canadian Pacific salmon returns in 2022

Chinook Salmon returns in 2022 continued a trend of low abundances in many areas. For
example, Yukon River Chinook returns in 2022 were the lowest on record. Some exceptions
include west coast Vancouver Island hatchery Chinook, and Fall returns on the east coast of
Vancouver Island. Return information for Fraser River Chinook is not yet available, but
escapements were average or above average depending on the Stock Management Unit.
Sockeye Salmon abundances have generally been declining (Grant et al. 2019; Hyatt et al.
2020). In 2022, Sockeye returns were strong in several areas, including the north coast of B.C.
(Skeena/Nass), the Northern Transboundary systems, and the west coast of Vancouver Island.
Returns to the Fraser River were below average for the 2022 cycle line due to an extremely low
return of the Late Run Stock Management Unit.
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Coho Salmon returns to many systems in 2022 were near average, while others were mixed.
Returns in the Strait of Georgia were below average in the northern systems and above average
for mid-Vancouver Island. Returns are not yet available for Interior Fraser Coho, but preliminary
escapement estimates are average to above average.

Even-year Pink Salmon have exhibited declining abundances in some areas, including southern
B.C. (Grant et al. 2019). In 2022, Pink returns were above average on the east coast of
Vancouver Island and in the Skeena and Nass Rivers. The central coast and mainland Inlets
saw below average returns.

Chum Salmon have recently exhibited declines (Grant et al. 2019), though some populations,
including Skeena and Nass Chum, began to decline earlier (NPAFC in review; Grant et al.
2019). Chum returns in 2022 were generally poor to extremely poor. There were exceptions,
including Nass Chum, enhanced Bella Coola Chum, and some southern populations including
southeast Vancouver Island and the Fraser River.

27.3.3. Canadian Pacific salmon 100%

statuses and trends using the Pacific

Salmon Status Scanner
80%

Red status CUs increased from 19% in 1995
to 47% in 2019 out of all CUs that can be
assigned a WSP rapid status in the Scanner
(Figure 27-2) (Pestal et al. 2023a). Green
status CUs decreased during this timeframe,

60%

from 42% in 1995 to 11% in 2019. This ?
pattern is driven by Sockeye and Chinook 40% Erf:;
CUs, which dominate the assessed CUs. Red

Rapid statuses of more than half of the

assessable Fraser Chinook CUs (8 of 15) 20%

were relatively stable between 2010 and

2019, though many were in the lowest status

zone (Figure 27-3). Four CUs declined in 0%

rapid status over time, while the remaining 1995 2000 2005 2010 2015 2020
three CUs fluctuated between Amber and

Red over the rapid status time series (Figure Figure 27-2. Percentage of CUs assigned to each status
27_3)_ Almost all (1 3 of 15) of the category in the Pacific Salmon Status Scanner. Current data
. include Fraser Sockeye, Southern B.C. Chinook (CUs

assessable Fraser Chinook CUs were Red outside the Fraser under review), Interior Fraser Coho,

status in the most recently assessed year, Fraser Chum, Fraser Pink, and preliminary Skeena/Nass

2019. Sockeye data (under review). Coloured areas show the
annual composition of rapid status results, including data-
deficient cases where no status could be assigned (in grey).
Figure reproduced from Pestal et al. (2023a).
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Chinook WSP Rapid Statuses
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Figure 27-3. WSP rapid statuses of Fraser Chinook CUs in 2010 compared to 2019. Each circle on the maps
represents a Fraser Chinook Conservation Unit (CU). Circles are coloured according to the CU rapid status for the
indicated year. The accompanying table shows the timeline of rapid statuses for each year between 2010 and 2019
for the CUs labelled.

Almost half of the Fraser Sockeye CUs (10 of 22) were stable between 2010 and 2019, though
many stable CUs were in the Red status zone throughout the time period (Figure 27-4). Rapid
statuses of seven other CUs deteriorated, while two improved overall. In the most recent year of
data (2019), more than half of the assessed CUs were in the Red status zone (12 of 22).
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Sockeye WSP Rapid Statuses
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Figure 27-4. WSP rapid statuses of Fraser Sockeye CUs in 2010 compared to 2019. Each circle on the maps
represents a Fraser Sockeye Conservation Unit (CU). Circles are coloured according to the CU rapid status for the
indicated year. The accompanying table shows the timeline of rapid statuses for each year between 2010 and 2019
for the CUs labelled.
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Rapid statuses of four Interior Fraser Coho CUs were relatively stable over time, remaining
mostly Amber status. North Thompson Coho was also mostly Amber, though status periodically
improved to Green, including in the most recently assessed year (2019).

Fraser Pink Salmon could only be assessed for status in the most recent five cycle years (odd
years only). Rapid status of Fraser Pink fluctuated between Amber and Red, and was Amber in
the most recently assessed year (2019). Rapid status of Fraser Chum could only be assessed
for one year (2019) and was Amber.

27.4. Factors Influencing Pacific Salmon Trends

Canadian Pacific salmon ecosystems are responding to climate and landscape change, and
those changes are impacting Pacific salmon throughout their life-cycle (Grant et al. 2019). B.C.
and Yukon air and freshwater temperatures are increasing, and precipitation patterns are
changing, altering freshwater habitats (Grant et al. 2019). The effects of climate change in
freshwater are compounded by natural and human-caused landscape change, which can lead
to changes in hydrology, sediment loads, and frequencies of landslides. Warming in the
Northeast Pacific Ocean, and marine heatwaves like “The Blob” are affecting ocean food webs.
Shifts in zooplankton species composition were observed in waters along the west and north
coast of Vancouver Island, and broadly in the NE Pacific during and after “The Blob” (Boldt et al.
2020; Galbraith and Young 2020). Southern zooplankton species, typically centred 1,000 km
south of the southern British Columbia coast, dominated lower levels of the salmon food web
(Galbraith and Young 2020). Southern species are considered poorer quality food for salmon.

27.5. Implications of those trends

Recent trends in salmon abundances yield a growing, but still incomplete, view of Pacific
salmon vulnerability to climate change. Improving that understanding will help us adapt to
change, through ensuring that fisheries management, salmon enhancement, and habitat
restoration activities are aligned to future salmon production and biodiversity (Nelitz et al. 2007;
Hunter and Wade 2015; Hunter et al. 2015; Grant et al. 2019; Crozier et al. 2019, 2021).
Continued tracking of salmon statuses and trends as they respond to climate change and other
threats is important to support this work. Tracking salmon responses to management actions is
also essential. Such tasks can now be facilitated through continued expansion of the Pacific
Salmon Status Scanner.
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28. SOCKEYE SALMON INDICATOR POPULATIONS ACROSS B.C.:
SMOLT ABUNDANCE, MARINE SURVIVAL AND ADULT
RECRUITMENT

Colin Bailey and Cameron Freshwater, Fisheries and Oceans Canada, Nanaimo, B.C.,
Colin.Bailey@dfo-mpo.gc.ca, Cameron.Freshwater@dfo-mpo.gc.ca
28.1. Highlights

¢ B.C. Sockeye Salmon smolt abundances were variable but generally close to their long-
term averages for most populations.

e Marine survival was generally below or near the long-term average, except for Chilko
Lake, which was below average with a long-term negative trend.

e Recruit abundance was variable, but below average for most populations; Francois and
Osoyoos Lakes were exceptions in recent years with average to above average returns.

28.2. Time Series — Annual Abundance and Marine Survival of Sockeye Salmon
“Indicator Stocks”

The time series’ shown were sourced from/produced by various stock assessment programs
across B.C., Washington, and Alaska (Figure 28-1). Methods for estimating smolt, pre-smolt,
and fry abundances (Figure 28-2) were monitored using a combination of fish fences and
hydroacoustic surveys. Recruit abundance (i.e. the number of fish that arrived at the estuary of
a given watershed; Figures 28-3 and 28-4) involved summing estimates of harvest (through
catch monitoring), spawner escapement (from mark recapture programs, spawner and
deadpitch surveys, and fish fences), and upstream migration mortality. Recruit age composition
was estimated from scale or otolith analyses, or smolt-to-adult pit-tag recaptures. Marine
survival (Figure 28-5) was calculated as the number of recruits from the same smolt year (based
on ocean age) divided by the number of juveniles (smolts or fry) on a given smolt year.
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Figure 28-1. Locations, juvenile count type, and general data status (including juveniles and adults) of Sockeye
Salmon “indicator populations”. Squares represent populations with fry and smolt estimates, circles for fry
hydroacoustic surveys only, and triangles for smolt estimates only. Green points indicate datasets that are complete,
and orange points indicate data that have either not been received or have been received but require additional
QA/QC.
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Figure 28-2. Standardized smolt abundance (centred and scaled by 1 SD) for Sockeye Salmon indicator populations
with complete datasets (i.e., populations with green points in Figure 28-1). The dashed black lines represent the long-
term mean smolt abundance for each population. Smolt abundances were counted using a full river fish fence for
Chilko and Tahltan Lakes, while pre-smolt abundance was estimated for Sproat, Great Central, and Osoyoos Lakes
using hydroacoustic trawl surveys.
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Figure 28-3. Standardized adult recruit abundance (centred and scaled by 1 SD) for Sockeye Salmon indicator
populations with complete datasets (i.e., populations with green points in Figure 28-1). The dashed black lines
represent the long-term mean adult recruitment abundance for each population.
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Figure 28-4. Standardized adult recruitment abundance (centred and scaled by 1 SD) for Sockeye Salmon indicator
populations with partially complete datasets (i.e., populations with orange points in Figure 28-1). The dashed black
lines represent the long-term mean adult recruitment abundance for each population.
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Figure 28-5. Centred marine survival for Sockeye Salmon indicator populations with complete datasets (i.e.,
populations with green points in Figure 28-1). The dashed black lines represent the long-term mean marine survival
for each population.

28.3. Status and trends

Through time, smolt abundances at each nursery lake have been highly variable and without a
general trend across populations (Figure 28-2). Notably however, Sproat Lake appeared to be
in a consistent smolt production slump since 2014 (below long term average).

Across the timeseries, adult recruit abundance has been variable and nearing or under the long-
term averages for most populations (Figures 28-3 and 28-4). It should be noted that many
Fraser River Sockeye Salmon systems are highly cyclical (Chilko Lake in Figure 28-3 and all
populations in Figure 28-4). Osoyoos Lake has entered a phase of much higher recruit
abundance since approximately 2010.

The marine survival timeseries again showed high variability, but with below average to average
marine survival in recent years (Figure 28-5). Chilko Lake was particularly poor with below
average and declining marine survival since the mid 1990s.
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28.4. Factors influencing trends

While there have been many attempts to uncover the environmental drivers of Sockeye Salmon
abundance and marine survival, drivers remain poorly understood and many hypotheses are
still being explored (e.g., Irvine and Akenhead 2013; Walters et al. 2020; McKinnell and Irvine
2021; etc.). However, density-dependent spawner-to-juvenile production relationships are well-
documented in freshwater (e.g., Schindler et al. 2005), and it is generally accepted that marine
heatwaves such as the “Blob” reduce Sockeye Salmon marine survival and production at the
southern portion of the species range (Cheung and Frdélicher 2020; Connors et al. 2020).

The increase in Osoyoos Lake Sockeye Salmon production that occurred around 2010
coincided with the implementation of the Fish Water Management Tools program and the
reintroduction of anadromous Sockeye to Skaha Lake (the next lake upstream of Osoyoos Lake
in the Okanagan watershed). Anecdotal evidence suggests that the Fish Water Management
Tools program, which aimed to reduce the frequency and duration of egg-scouring events and
extreme low-water events, may have contributed to increased productivity, but formal analyses
are ongoing.

Beyond monitoring and simple comparison, the purpose of gathering these Sockeye Salmon
timeseries is to analyze them for shared trends in freshwater and marine productivity using
Multivariate Auto Regressive State Space (MARSS; Holmes et al. 2012) models. Depending on
which Sockeye Salmon populations have the greatest covariance in stage-specific productivity,
we can identify plausible environmental drivers for variability in survival. For example, if
populations in close geographic proximity display the greatest covariance, we may hypothesize
that productivity is predominantly associated with local environmental influences rather than
basin-scale processes.

28.5. Implications

The implications of these timeseries (both long term and latest data considered) suggest that
Sockeye Salmon productivity may be constrained by marine conditions. Marine survival has
been below average for several stocks despite the recent cooler La Nifia phase. The likely
transition to a warmer El Nifio phase may result in further declines in survival. More promising,
however, was the Osoyoos Lake timeseries, which suggested that increased freshwater
productivity may offset the impacts of poor marine conditions. Understanding what drives
production in both freshwater and marine life-stages may allow us to maintain higher smolt
production to offset poor marine survival, while understanding drivers of marine survival will
improve our ability to forecast returns and sustainably manage fisheries.
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29. TRENDS IN PACIFIC CANADIAN GROUNDFISH STOCK STATUS
AND SURVEYS

Sean C. Anderson, Philina A. English, Jillian C. Dunic, Pacific Biological Station, Fisheries and
Oceans Canada, Nanaimo, B.C., Sean.Anderson@dfo-mpo.gc.ca, Philina.English@dfo-
mpo.gc.ca, Jillian.Dunic@dfo-mpo.gc.ca

29.1. Highlights

* Average groundfish stock status declined from 1950 to around 2000, and following
management changes, has remained relatively stable since then.

* In 2022, assessments were updated for four stocks (Sablefish, Canary Rockfish,
Arrowtooth Flounder, inside Quillback Rockfish). The first three were estimated to be
above their Limit Reference Point (LRP) with very high (>95%) probability; the latter with
high (75-95%) probability. Sablefish and Canary Rockfish were estimated to be above
their Upper Stock Reference (USR) with very high probability; the latter two stocks with
~50% probability.

* Over the last two decades, survey indices increased for ~70% of stocks, remained
neutral for ~15%, and declined for ~15% stocks.

* All assessed shelf rockfish (Bocaccio, Canary, Redstripe, Silvergray, Widow, Yellowtail)
and several slope rockfish increased in surveyed biomass over the last 5—7 years;
surveyed biomass also increased for several flatfish (Petrale, English, Rex, and Dover
Sole) but declined for Arrowtooth Flounder over the last 5-10 years.

» Survey indices for North Pacific Spiny Dogfish stocks had the steepest declines across
all stocks—particularly for the outside stock, which excludes inside Vancouver Island
waters—despite low fishing pressure compared to historical levels.

29.2. Introduction

DFO conducts a suite of randomized surveys using bottom trawl, longline hook, and longline
trap gear that, in aggregate, cover Canada’s Pacific Coast (Anderson et al. 2019). Synoptic
trawl surveys in Queen Charlotte Sound (Areas 5A and 5B) and Hecate Strait (Areas 5C and
5D) are conducted in odd numbered years, while the West Coast of Vancouver Island (WCVI,
Areas 3C and 3D) and the West Coast of Haida Gwaii (WCHG; Area 5E) surveys are conducted
in even numbered years. In addition, four biennial Hard Bottom Longline (HBLL) surveys are
conducted, two in “inside” waters (east of Vancouver Island; Area 4B) and two in “outside”
waters (everywhere else). Lastly, a coast-wide longline trap survey targeting Sablefish is
conducted every year and DFO collects biological information from the International Pacific
Halibut Commission (IPHC) Setline Survey. In 2022, the HBLL outside south, HBLL inside
south, synoptic WCHG, synoptic WCVI, Sablefish surveys were run.

Assessment scientists conduct stock assessments for major fish stocks in B.C. These
assessments combine fishery-dependent data (such as commercial catches) with fishery-
independent data (data from scientific surveys) to estimate quantities such as spawning stock
biomass, growth, and maturity, and to derive measures of fishing intensity and stock status.
Stock status is typically assessed with respect to two reference points: (1) the Limit Reference
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Point (LRP), a “status below which serious harm is occurring to the stock”; and (2) the Upper
Stock Reference Point (USR), which represents the “threshold below which removals must be
progressively reduced in order to avoid reaching the LRP” (DFO 2009). While stock
assessments represent the gold-standard of estimated trends in population status, assessments
are time and labour intensive and therefore frequently lag behind high quality datasets such as
indices of abundance from scientific surveys, which often closely reflect population trends from
assessments. Geostatistical spatiotemporal models allow spatially adjacent areas surveyed in
various years to be combined into single annual indices that can help track changes in surveyed
abundance between assessments.

Here, we explore population trends for groundfish stocks using two methods: (1) we update a
hierarchical Bayesian state-space time-series model (Anderson et al. 2021) to explore trends
until the year 2022, and (2) we develop model-based indices from relevant surveys for all
assessed stocks, as well as stocks with outstanding requests for Science Advice.

29.3. Description of the time series

We gathered Bayesian posterior distributions of estimated biomass from assessments for 25
stocks, including four updated assessments (coastwide Sablefish, Canary Rockfish, and
Arrowtooth Flounder; inside Quillback Rockfish). From these distributions, we modelled overall
(i.e., all stocks combined) mean log stock status as a latent random walk with individual stocks
assumed to have an auto-regressive observation model with their ‘true’ status drawn from their
stock-assessed posterior distribution. The approach is an extension of a model in Hilborn et al.
2020, that includes uncertainty on stock status and is implemented in Stan (Carpenter et al.
2017); details are available in Anderson et al. (2021).

For these 25 stocks, as well as stocks with outstanding requests for Science Advice, and stocks
with assessments that lacked the necessary posterior distributions for inclusion in the above
model, we selected the relevant surveys (40 total stocks). We combined regional surveys that
used the same gear and protocols (selecting among longline surveys or combinations of
synoptic trawl surveys). We then fit geostatistical models to abundance or biomass density with
the R package sdmTMB (Anderson et al. 2022). These models accounted for latent spatial
factors with a constant spatial Gaussian random field and allowed spatiotemporal deviations to
evolve as a Guassian random field random walk. For each stock—survey type combination, we
fit both Tweedie and delta-gamma (binomial and gamma) observation error models and
reported the model that produced the most precise index estimates on average; for most stocks
(~80%), this was the delta-gamma model. We then predicted and summed biomass or
abundance density across the appropriate 2 x 2 km survey grid(s) (e.g., Anderson et al. 2019)
and scaled the survey index to the existing stock assessment biomass trend based on the
geometric mean in overlapping years. Data and code to reproduce our analysis are available at
https://github.com/pbs-assess/gftrends.

29.4. Status and trends

Across all stocks, there was a decline in average stock status until approximately 2000 (Figure
29-1). The late 1990s and early 2000s marked the beginning of a relatively stable average
status. We estimated the overall mean B/LRP (biomass divided by the LRP) in 2022 to be 3.6
(95% CI: 2.9-4.3). The overall mean B/USR and B/Busy (biomass divided by biomass at
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maximum sustainable yield) in 2022 was 1.7 (95% ClI: 1.4-2.1) and 1.6 (95% CI: 1.3-2.0),
respectively (Figure 29-1, 29-2). Despite the overall pattern in the average biological status,
there was considerable variation within and across individual stocks, especially when recent
survey trends are also considered (Figure 29-3).
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Figure 29-1. Overall mean biomass status across all stocks for B/LRP, B/USR, and B/Busy (see text for definitions)
from the hierarchical time-series model. Dark lines represent the posterior median and shaded ribbons represent 95%
quantile credible intervals. ITQ= individual transferable quota.

Estimated biomass was above the LRP and USR for most stocks as of the most recent
assessment (Figure 29-2). Of the stocks with full posterior distributions available, inside (4B)
Lingcod and Quillback Rockfish were the only stocks with > 5% posterior density below their
LRP as of their most recent assessments (Figure 29-2). Coastwide Bocaccio had > 5%
posterior density below its LRP in 2020 (DFO 2020a) but effectively 0% by 2021 after a large
recruitment cohort in 2016 (DFO 2022a). Quillback Rockfish in the outside waters also had >
5% posterior density below its LRP as of the 2011 assessment, but the full posterior distribution
was not available (quantiles shown in Figure 29-3; an updated assessment to be reviewed in
2023). Pacific Cod in 3CD had a 0.02 probability B < LRP in 2020; the 2021 and 2022 survey
values remained low. Considering the USR instead of the LRP, 8/25 of the stocks in Figure 29-2
had > 25% probability of being below their USR as of their most recent assessment.

When we used survey indices to explore more recent changes across species, additional
patterns emerged. Survey indices for all assessed shelf rockfish (Bocaccio, Canary, Redstripe,
Silvergray, Widow, Yellowtail), and some slope rockfish (e.g., Yellowmouth) increased in the
past ~5—7 years (Figure 29-3). The survey indices also allowed us to explore surveyed
population trends of species that have not yet received full assessments, such as many flatfish
and Chondrichthyans. Most of the included flatfish (soles: Petrale, English, Rex, Dover)
appeared to increase in survey biomass over the last 5-10 years. However, the trawl survey
index and stock assessment indicate that Arrowtooth Flounder have declined over the same
time span (Figure 29-3). Trends among the skates generally appeared stable or positive. North
Pacific Spiny Dogfish (herein ‘dogfish’) stocks, however, experienced the steepest declines of
all stocks (Figure 29-3), with a particularly steep decline in outside Vancouver Island waters.
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Figure 29-2. Posterior distribution of the two measures of stock status for 25 stocks (Edwards et al. 2011, 2013;
Edwards et al. 2014; DFO 2015, 2019, 2020a, 2020b, 2020c, 2020d, 2022b; Holt et al. 2016a, 2016b; Starr et al.
2016; Starr and Haigh 2017, 2021a; DFO 2021; Starr and Haigh 2021b; Grandin et al. 2023; Starr and Haigh 2023;
DFO 2023a; DFO 2023b; Huynh et al. 2023). Stocks are arranged in order of assessment with the most recent
assessments at the top; years in the first column indicate the year the status represents. Colours represent the mean
B/LRP value such that black is highest and orange is lowest. Vertical dashed lines are at values of 1.0 in all columns.
The x-axis has been square-root transformed to slightly compress high ratio values for visualization. The full posterior
was not available for the outside Quillback stock, which is shown in Figure 29-3 (Yamanaka et al. 2011). Years
shown in parentheses indicate the year in which the assessment focused on biomass status, which is usually the
year of the assessment and usually one year beyond the last year of data.
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Figure 29-3. Trends for 40 B.C. groundfish stocks with assessments in the last ~15 years or outstanding requests for
Science Advice. Dark grey lines and ribbons represent output from stock assessments: trajectories of median B/LRP
95% quantile credible intervals (see citations in Figure 29-2 caption). Coloured lines and ribbons represent model-
based indices for the most relevant survey(s) for each stock. Survey trends are scaled to existing assessments based
on the geometric mean in overlapping years to account for survey catchability. Sablefish are indexed through a trap
survey, which is not modelled here; however; the assessed biomass extends to 2022.
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29.5. Factors influencing trends

The long term overall groundfish trend is likely to have been primarily influenced by fishery
removals and management interventions. The transition from declining average B/LRP and
B/USR to a relatively stable trajectory coincided with the implementation of individual
transferable quotas (ITQs) for the trawl fleet, the introduction of 100% at-sea observer coverage
over the period 1992—-1997 (Turris 2000), and the initiation of the current synoptic trawl surveys
in 2003. Furthermore, ITQs and electronic at-sea monitoring were introduced into the longline
and trap fisheries in 2006 (Stanley et al. 2015).

Other patterns may be driven by species interactions and climatic effects. For example, dogfish
are not currently heavily affected by any fishery, so the cause of their survey declines is
unknown. One possibility is that climate change is driving a northward range shift or that
seasonal distribution patterns have changed as seen in the northwest Pacific Ocean (Kanamori
et al. 2022). For several species, there is evidence that temperature velocity—the pace a fish
would have to move to maintain consistent temperature—may be related to a fine-scale
redistribution of population density in Canadian Pacific waters (English et al. 2022). Effects of
recent oceanographic conditions on spawning habitat are hypothesized to have led to years of
low recruitment in some groundfish (e.g., Pacific Cod in nearby Alaskan waters, Laurel and
Rogers 2020). On the other hand, after decades of consistently low recruitment, recent
increases in several shelf rockfishe species—most notably Bocaccio—may in part be driven by
transient availability of oxygen-rich water at depth during gestation (Schroeder et al. 2019; DFO
2022a).

29.6. Implications of those trends

The Sustainable Fisheries Framework and the Fish Stocks provisions of the Fisheries Act
require that major fish stocks be maintained above their LRP with high probability (=75% if
subject to the Fish Stocks provisions). Two stocks had > 5% probability of being below their
LRP as of their last assessment and neither is currently a Major Stock. Roughly one-third of
assessed stocks had > 25% probability of being in the cautious zone where removals should be
progressively reduced to avoid reaching the LRP. Rebuilding and precautionary management of
stocks in the critical and cautious zones, respectively, should help ensure stock status improves
over time in response to reduced fishing pressure and favourable environmental conditions if
and when they occur.
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30. SEABIRD OBSERVATIONS ON THE B.C. COAST IN 2022

Mark Hipfner, Environment and Climate Change Canada, Wildlife Research Division, Pacific
Wildlife Research Centre, Delta, B.C., Mark.Hipfner@canada.ca

30.1. Highlights

e Asin 2021, diets fed to nestling Cassin’s Auklets on Triangle Island in 2022 included
substantially less of the subarctic copepod Neocalanus cristatus, their most important
prey, than expected from the strongly negative PDO in the 6 months preceding the
breeding season.

o Diets fed to nestling Rhinoceros Auklets on Pine Island and Lucy Island included normal
amounts of Pacific Sand Lance and Pacific Herring in 2022, continuing the trend towards
favourable conditions that existed prior to the Blob.

30.2. Description of the time series

Annually since 1996, Environment Canada and Fisheries and Oceans Canada has monitored
the diets fed to Cassin’s Auklet (Ptychoramphus aleuticus) nestlings on Triangle Island as
indicator of survival as well as zooplankton prey availability (Hipfner et al. 2020). Analyses
include only data collected in late June in all years.

In addition, scientists have been annually quantifying predation by Rhinoceros Auklets
(Ptychoramphus aleuticus) on fish, including salmon smolts, since 2006 as an indicator of
seabird feeding success and salmon mortality (Tucker et al. 2016). Nestling diets in 2022 were
quantified at Pine, Lucy, Triangle, and Cleland islands, and in the U.S., collaborators quantified
diets on Protection Island.

30.3. Status and Trends

Diets fed to Cassin’s Auklet nestlings

In 2022, the representation of the subarctic copepod N. cristatus in Cassin’s Auklet nestling
diets was well below what would be expected from the strongly negative PDO based on the
existing relationship for 1996-2021 (Figure 30-1). This prey item also occurred at much lower
than expected levels in 2021.

Diets fed to Rhinoceros Auklet nestlings

In 2022, diets fed to nestling Rhinoceros Auklets on two colonies in B.C., Pine Island (in
southern Queen Charlotte Sound) and Lucy Island (in Chatham Sound), included near normal
amounts of Pacific Sand Lance (Ammodytes personatus) and Pacific Herring (Clupea pallasii)
(Figure 30-2). Comparison with an existing time series (2006-2021) indicates a continuing trend
to more favourable, pre-Blob conditions for these birds. Salmon were present at unusually high
levels in diets at Lucy Island in 2022. Diets over the time series have tended to be much less
variable at Protection Island, WA, in the Salish Sea.
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Figure 30-1. Proportion of Neocalanus cristatus in diets fed to nestling Cassin’s Auklets in late June as a function of
the PDO, 1996 to 2022.
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Figure 30-2. Species composition (by number) of the diets delivered to nestling Rhinoceros Auklets on 2 colonies in

B.C. and 1.in WA in 2006-2022.
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30.4. Factors influencing trends

The zooplankton-based diets fed to nestling Cassin’s Auklets on Triangle Island, the world’s
largest breeding colony, are affected very strongly by oceanographic conditions, which have a
profound influence on seasonal patterns of prey availability. In general, nestling auklets grow
more quickly on Triangle Island in cold-water, PDO-negative years when the subarctic copepod
N. cristatus is abundant in offshore waters and persists in their diets through the bulk of the
provisioning period from mid-May to late June (Hipfner et al. 2020).

The fish-based diets fed to nestling Rhinoceros Auklets on colonies in B.C. are also affected by
oceanographic conditions (Thayer et al. 2008). In general, nestling auklets grow more quickly in
years in which their diets include more Pacific Sand Lance, a small forage fish (Borstad et al.
2011).

30.5. Implications of those trends

Lower proportions of the subarctic copepod N. cristatus in diets of Cassin’s Auklet nestlings may
result in lower growth rates. Low growth rates of nestlings will translate to low survival and
lower population growth.

On their northerly seaward migration, the vast majority of Pink Salmon (O. gorbuscha), Chum
Salmon (O. keta) and Sockeye Salmon (O. nerka) smolts from stocks in southern and central
B.C. funnel past aggregations of hundreds of thousands of Rhinoceros Auklets breeding on
colonies scattered along the province’s Central and North coasts. The auklets are wing-
propelled, pursuit-diving seabirds that forage mainly in the top 5-10 m of the water column and
within ~90 km of their breeding colonies. The smolts’ migration occurs in June and July,
coinciding with the period when the auklets are delivering whole and intact fish, including
salmon smolts, to their nestlings. These predators could potentially have an impact on salmon
survival, although the birds tend to take small, poor condition smolts (Miller et al. 2013; Tucker
et al. 2016).
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31. UPDATE TO PINNIPED ABUNDANCE TRENDS IN B.C.

Strahan Tucker, Sheena Majewski, Chad Nordstrom, Kurt Trzcinski, Fisheries and Oceans
Canada, Nanaimo, B.C., strahan.tucker@dfo-mpo.gc.ca, sheena.majewski@dfo-mpo.gc.ca,
chad.norstrom@dfo-mpo.gc.ca, kurt.trzcinski@dfo-mpo.gc.ca,

31.1. Highlights

¢ A mean abundance of 13,600 (95% CI 11,300-16,300) California Sea Lions
overwintering in B.C. was estimated in 2020-21. This represents a threefold increase
since 2009-10 and no significant increase since 2017.

e The abundance of B.C. Harbour Seals increased from a low of approximately 10,000 in
the 1960s to over 100,000 in the early 2000s and is now stable or slightly declining; in
2015-2019, their abundance was 85,400 (95% CI 82,000-88,900).

31.2. Description of the time series

Since the early 1970’s, DFO has undertaken standardized, aerial breeding-season surveys to
monitor populations of Harbour Seals in B.C. Although California Sea Lions have been
periodically counted in winter surveys for Steller Sea Lions, 2020-2021 marked the first year
with a survey dedicated to this species in particular. Specific survey parameters are outlined by
Olesiuk (2010 and 2018) for Harbour Seals and sea lions, respectively.

Given the vast area to cover during a coast-wide survey, an assessment of Harbour Seals
represents a compilation of surveys of regions conducted over several years, and consequently,
is not a synoptic view of the stock. Abundance estimates are compiled from counts within each
subregion, applying the appropriate corrections, then summing to the regional level or for the
entire B.C. coast. For Harbour Seals, aerial surveys were conducted during 2015-2019,
achieving the highest compilation of survey coverage (90% of the B.C. coast) to date (DFO
2022).

California Sea Lions breed at rookery sites in southern California and Mexico during May-June,
after which sub-adult and adult males typically migrate northward over the fall and winter to sites
in Oregon, Washington, and B.C. with a limited number of sightings in southern Alaska. Animals
start arriving in coastal B.C. as early as August with a departure by May. A series of five
standardized aerial surveys of southern B.C. sea lion haulout sites was completed from
November 2020 through March 2021 (DFO 2023). As California Sea Lions are considered to be
highly transitory, the replicate surveys allowed for an exploration of the temporal variation in
counts and abundance in B.C. over the winter period.

These surveys have provided time series of trends in counts; estimates of the total population
size are obtained by applying a correction factor to account for animals that were at sea and
missed during surveys. Correction factors are derived by tracking haulout patterns of individual
animals through satellite telemetry. To estimate the proportion of pinnipeds hauled out during
survey conditions, satellite tags were deployed on 30 Harbour Seals in the Strait of Georgia
during 2019-2021. To account for sea lions at sea, monthly correction factors derived from
satellite tags deployed on sea lions in nearby Puget Sound (Washington, U.S.A.) between 2014-
16, were applied (DFO 2023).
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31.3. Status and trends

Taking the sum of the regional estimates in the years surveyed (2015-2019), we estimated
stock size to be 84,500 (95% CI 81,200-88,000) Harbour Seals in B.C. Projecting regional
trends to 2019 for regions that were surveyed in the earlier years of the compilation of surveys,
we obtained a slightly higher but statistically similar estimate at 85,400 (95% CI 82,000-88,900)
seals (Figure 31-1). This is similar to the 2003-2008 estimate of 105,000 seals (95% CI of
90,900-118,900; Olesiuk 2010). Given the uncertainty in the regional estimates, the stock in
2015-2019 is either stable or has declined slightly relative to the 2003-2008 assessment.
However, abundance, density and trends varied regionally. Fourty-two percent of the stock
resides in the Strait of Georgia.

In 2020-21, the monthly winter population estimates for California Sea Lions in B.C ranged from
12,800 to 14,600 individuals, leading to an average total abundance of 13,600 (95% CI 11,300-
16,300) individuals (Figure 31-2a). While abundance remained consistent across monthly
surveys in 2020-21, there was a redistribution of animals. This represents a three-fold increase
from winter 2009-10, and no significant increase since the estimate in 2017 (Figure 31-2b).
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Figure 31-2. Average estimated abundance with 95% Confidence Intervals (Cl) of California Sea Lions hauled out
during a) monthly 2020-2021 winter surveys (November-March) and b) 2009-2021 winter surveys.

31.4. Factors influencing tren