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Abstract 
Boldt, J.L., Joyce, E., Tucker, S., Gauthier, S., and Jackson, J. (Eds.). 2025 State of the 
physical, biological and selected fishery resources of Pacific Canadian marine ecosystems in 
2024. Can. Tech. Rep. Fish. Aquat. Sci. 3687: viii + 337 p. https://doi.org/10.60825/hxdg-q818  

Fisheries and Oceans Canada is responsible for the management and protection of marine 
resources along the Pacific coast of Canada. 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 2024 was a hybrid meeting, convened both in-
person in Sidney, B.C. and virtually, March 5-6, 2025. 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. 
  

https://doi.org/10.60825/hxdg-q818
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Résumé 
Boldt, J.L., Joyce, E., Tucker, S., Gauthier, S., and Jackson, J. (Eds.). 2025. State of the 
physical, biological and selected fishery resources of Pacific Canadian marine ecosystems in 
2024. Can. Tech. Rep. Fish. Aquat. Sci. 3687: viii + 337 p. https://doi.org/10.60825/hxdg-q818  

Pêches et Océans Canada est chargé de la gestion et de la protection des ressources 
maritimes sur la côte Pacifique du Canada. Sur le plan océanique, il y a une forte saisonnalité 
dans les remontées d’eaux profondes côtières et les plongées d’eaux, une forte incidence des 

eaux douces, et une variabilité provenant des phénomènes et des conditions dans l’océan 

Pacifique tropical et l’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 mammifères marins et d’oiseaux de mer. 

Depuis 1999, une réunion annuelle sur l’État de l’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 dernière année de surveillance dans le contexte d’observations précédentes, ainsi que les 
conditions futures attendues. L’atelier organisé du 5 au 6 mars 2025 pour examiner les 
conditions de l’écosystème en 2024 était un évènement hybride avec une rencontre en 
personne à Sidney, C.-B. avec option virtuelle.  Le présent rapport technique comprend des 
soumissions basées sur les présentations données durant l’atelier et des résumés d’affiches.  

Les changements climatiques constituent une pression dominante qui agit sur les écosystèmes 
marins du Pacifique Nord et sont la cause, entre autres, de l’augmentation des températures, 

de la désoxygénation et de l’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 écosystèmes, ce qui a une incidence sur les niveaux 
trophiques supérieurs par l’intermédiaire de la chaîne alimentaire. 
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1. HIGHLIGHTS 
1. Globally, 2024 was the hottest year on record and the 2nd warmest for B.C., with below/near 

normal precipitation, near record low snowpack, and below normal discharge for many 
rivers. 

2. Despite this, overall, the Northeast Pacific Ocean experienced surprisingly normal sea 
surface temperatures (SSTs). There is, however, a long-term trend of increasing SSTs over 
the last century (0.9 ºC per century).  

3. El Niño conditions ended in May and weak La Niña conditions emerged in December. 
4. Substantial low oxygen events occurred throughout the water column in shelf areas; these 

hypoxia events are increasing in frequency and magnitude.  
5. Corals and/or sponges were present at most transects surveyed on five seamounts in 

international waters. Deep sea coral and sponge habitats are degrading or dying faster than 
predicted, due to increased deoxygenation and acidification. However, deep sea zones 
represent critical refuges for many organisms.  

6. Northeast Pacific surface waters were fresher than normal, except in coastal waters where 
river discharge was low. 

7. There is a long-term trend of increasing sea level in the past century (vertical land 
movement removed). 

8. The central coast saw corrosive conditions for aragonite > 20 m water depth in summer and, 
with a weaker storm season, the northern Strait of Georgia returned to corrosive conditions 
for calcite. 

9. The timing of spring transition from downwelling to upwelling conditions was average and 
the magnitude and duration of upwelling was below average, suggesting average/below 
average productivity. 

10. Phytoplankton blooms occurred ~1 month earlier in multiple areas; the Salish Sea had near-
median bloom timing and two blooms (March and May). 

11. Line P saw average surface nitrate and chlorophyll concentrations in winter, spring, and 
summer; below average winter silicate concentrations; and fewer diatoms. 

12. On the outer coasts, ‘southern’, boreal, and subarctic copepods as well as Euphausia 
pacifica biomass was above average. In the SOG, total zooplankton biomass was also 
above average.  

13. In fall, the west coast of Vancouver Island juvenile Chinook and Chum Salmon abundances 
were lower than usual. In summer, juvenile Sockeye Salmon (WCVI stocks) abundance 
improved over the 2022 historic low. Fall juvenile Chinook and summer Coho Salmon were 
fatter than usual.  

14. Fraser River Sockeye Salmon body size has been decreasing, which has implications for 
fecundity, age of return, and return timing. Returns were early for most Management Units, 
with record early arrival for the Early Summer Management Unit. 

15. Other fish stocks show varying trends. For example, there were continued increasing trends 
in the biomass of WCVI Pacific Herring, SOG Pacific Hake, shelf rockfish, several slope 
rockfish, and many flatfish species. In contrast, there were ongoing decreases in the 
biomass of Arrowtooth Flounder, Pacific Spiny Dogfish, Fraser River Eulachon, and outer 
coast Pacific Hake. 

16. The number of Grey Whale strandings in B.C. decreased from the peak in 2019 (11 
animals). During 2019-2024, there were 753 Grey Whale mortalities in their range from 
Mexico to Alaska; mortalities were attributed to environmental drivers leading to malnutrition, 
human interactions, and killer whale predation. 

17. Domoic acid (ASP toxin) and the diatoms that produce it peaked later than usual in the 
spring; whereas saxitoxins (PSP toxins) reached higher than usual concentrations in the fall, 
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especially in Malaspina Strait, with potentially negative implications for Pacific salmon and 
Southern Resident Killer Whales. 

18. Noise levels in the Salish Sea were typical when compared to 2018-2023. 
19. There was a decrease in the frequency of many biofouling Aquatic Invasive Species in the 

Salish Sea and north coast; whereas, metro Vancouver saw an increase. Bay Barnacle was 
detected in the north coast for the first time. European Green Crab continue to spread. 
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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 (Figure 2-1). This compilation helps to develop a picture of how the ocean is changing and 
provides advanced identification of important changes which may potentially impact human 
uses, activities, and benefits from the ocean. 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 
online (see Technical reports – State of the Pacific Ocean). 

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 2024 (for conditions in 2023) is 
available online (State of the Physical, 
Biological and Selected Fishery Resources 
of Pacific Canadian Marine Ecosystems in 
2023). 

The 26th annual DFO State of the Pacific 
Ocean (SOPO) meeting, to review conditions 
in the Northeast Pacific and B.C. coastal 
waters in 2024, was an hybrid meeting, 
convened both in-person in Sidney, B.C. and 
virtually, March 5-6, 2025. Due to the hybrid 
platform, this year’s meeting reached a 

broad audience, with 535 registrants from 
the Pacific Coast marine science 
community. These annual meetings 
represent a unique opportunity for 
scientists from different disciplines to highlight the results of atmospheric, oceanographic, and 
marine species observations in 2024 and to update a wide range of data time series. 

Figure 2-1. Map of regions described in this report. 

 

https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2021/technical-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/pac-technical-report-rapport-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/pac-technical-report-rapport-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/pac-technical-report-rapport-technique-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2023/pac-technical-report-rapport-technique-eng.html
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This year’s meeting was attended by 396 researchers from 73 organizations (note, we were 
better able to track attendance this 
year, rather than just registration, as in 
past reports; Figure 2-2). Organizations 
included 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, Department of 
National Defense, and First Nation and 
Indigenous organizations, such as 
the Council of the Haida Nation, 
Cowichan Tribes, Kwantlen First 
Nation, Nuu-chah-nulth Tribal 
Council, Tsawout First Nation, WSANEC Leadership Council, Heiltsuk Integrated Resource 
Management Department, Seabird Island Band, and Tseycum First Nation, among others. 
Other attendees included the Province of B.C., Hakai Institute, University of British Columbia, 
University of Victoria, Ocean Networks Canada, North Pacific Marine Science Organization, and 
the Pacific Salmon Foundation.   

Elder Josephine Joe from the Tseycum First Nation provided opening remarks to start the 
meeting. Regional Director of Science, Andy Thomson, also 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 needs in Science.  

Figure 2-2. 2025 SOPO meeting participants’ affiliations. 
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Elder Josephine Joe from the Tseycum First Nation and DFO’s Regional Director of Science, Andy Thomson, 

provided opening remarks.  

The SOPO report provides a summary of scientific results from many DFO field operations 
(Figure 2-3) outlined in DFO’s Fieldnotes as well as Canadian Hydrographic Service (CHS) 
surveys (Havens and Verrin, Section 53; Morley and Jeffries, Section 63). SOPO reports inform 
DFO’s National Initiatives, including 1) the State of the Ocean Reporting to develop Canada’s 

Oceans Now reports, and 2) the Ecosystem Approaches to Fisheries Management to integrate 
environmental variables into single species stock assessments and fisheries management 
decisions. SOPO reports are also used for Regional DFO initiatives, such as State of the 
Salmon reporting.  

At the meeting, 40 talks, 2 poster-spotlight talks, and 26 posters were presented, including an 
opening special session on oxygen and hypoxia in B.C. waters. 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, providing a comprehensive overview of 
conditions in the Pacific Region in 2024. Meeting invitations were circulated to individuals (First 
Nations, federal and provincial government, academia, and non-government organizations) that 
had participated or attended previous SOPO meetings. For the last few 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 year there were 61 registrants from 34 
First Nations and 34 attendees from 24 First Nations and Indigenous organizations. We also 
extended an invitation to all First Nations and Indigenous organizations to present or co-present 
at this and future meetings. There were 3 co-presentations: on Day 1,  1) collaborators from 
DFO, Gwaii Haanas Parks Canada, the Council of the Haida Nation, and the Hakai Institute 
gave a joint presentation on “2024 Ocean conditions in Gwaii Haanas and Haida Gwaii Chaan 
sk̲’ada gud ahl hlɢ̲unggulaa | Tang.ɢ̲wan ɢ̲an gud ad hlɢ̲ang.gulx̲a Working Together 
Ocean Sciences Expedition”, 2) researchers from the Tsawout First Nation gave a presentation 

https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41100967.pdf
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2021/index-eng.html
https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2021/index-eng.html
https://publications.gc.ca/collections/collection_2023/mpo-dfo/Fs97-6-3553-eng.pdf
https://publications.gc.ca/site/eng/9.878332/publication.html
https://publications.gc.ca/site/eng/9.878332/publication.html
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entitled “ Á,LE.ENE.: Tsawout’s Dungeness Crab Stewardship for Future Generations” and on 

Day 2,  3) collaborators from DFO, University of Victoria, the Council of the Haida Nation and 
Nuu-chah-nulth Tribal Council gave a joint presentation titled “Monitoring deep-sea MPAs”.  

The meeting and report enables scientists to interpret field-based findings and summarize 
information that can ultimately be used to inform fisheries management decisions, examine the 
implications of climate change, and complement DFO’s National state of the ocean reporting 
(Middleton et al., Section 65).  Many of the SOPO time series are available in an open-source R 
package, pacea, which will help facilitate an ecosystem approach to fisheries management 
(Edwards, Section 50).  

 

Figure 2-3. In 2024, hundreds of days at sea surveying Canada’s west coast contributed to the collection of data used 

for monitoring Pacific ecosystems. From daily lighthouse observations to aerial and dive surveys, over time, these 
annual monitoring efforts add to our understanding of the status and trends in the marine environment. 

https://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2021/report-rapport-eng.html
https://github.com/pbs-assess/pacea
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2025 SOPO meeting and poster session participants. 

The agenda for the meeting is presented in Appendix 1 and the meeting participants are listed 
in Appendix 2. The meeting was co-chaired by Jennifer Boldt (Pacific Biological Station), 
Strahan Tucker (Pacific Biological Station), Jennifer Jackson (Institute of Ocean Sciences), 
Stéphane Gauthier (Institute of Ocean Sciences), and organized by Elizabeth Joyce. In addition 
to helping 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. 
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2025 SOPO meeting organizers (left to right), Strahan Tucker, Lindsay Mazzei, Lucius Perreault, Jennifer Jackson, 

Stéphane Gauthier, Jennifer Boldt, Elizabeth Joyce, Stephen Page. 

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 the SOPO meeting. For use of, or 
reference to individual contributions, please contact individual authors and, where appropriate, 
please cite individual contributions, as in this example from a previous SOPO report:  

Hourston, H., Dosser, H., Guan, L., and Donnet, S. 2024. Sea surface temperature and salinity 
observed at shore stations along the British Columbia Coast in 2023. p. 55-58. In: Boldt, J.L., 
Joyce, E., Tucker, S., Gauthier, S., and Dosser, H. (Eds.). 2024. State of the physical, biological 
and selected fishery resources of Pacific Canadian marine ecosystems in 2023. Can. Tech. 
Rep. Fish. Aquat. Sci., 3598: viii + 315p. 
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3.  OVERVIEW AND SUMMARY 
2024 STATE OF PHYSICAL ECOSYSTEMS 

Basin-scale and outer coast 

Globally, 2024 was the hottest year on record (Ross and Robert, Section 7). Annual air 
temperatures were the 2nd warmest on record in B.C.; the annual mean temperature in B.C. is 
increasing and can be distinguished from natural variability during 1940-2024 (Curry et al., 
Section 5). B.C.’s snowpack was well below-normal or below-normal throughout the year (Curry 
et al., Section 5). Compared to 2023, drought conditions were less severe overall; however, 
catchment basins in Northeast B.C. continued to experience extreme drought (Curry et al., 
Section 5).  

Despite warmer air temperatures, overall 2024 sea surface temperatures (SSTs) were near 
average. The Pacific Decadal Oscillation (PDO) was strongly negative but did not result in a 
cool year for the Northeast Pacific because it occurred on a background of steadily rising 
temperatures due to climate change (Figure 3-1). El Niño conditions ended in May and weak La 
Niña conditions emerged in December (Ross and Robert, Section 7). Climate forcing affects 
ocean temperatures, currents, upwelling, stratification, sea level, and other physical and 
biological variables (Hourston and Thomson, Section 10; Han and Chen, Section 14; Ferriss, 
Section 37; Suchy and Allen, Section 42; Riedel and Ballantyne, Section 52; Jones and 
Hannah, Section 54; Klymak et al., Section 70). SSTs varied over the year and spatially. In the 
open Northeast Pacific, SSTs were near average (vessel sampled data; Ross and Roberts, 
Section 7); however, within B.C.’s Exclusive Economic Zone, there were warm anomalies for 

much of 2024, including surface marine heatwaves (satellite data; Hilborn et al., Section 16; 
model simulations; Han and Chen, Section 14). Bottom temperatures were below normal over 
the slope, but were above normal for much of 2024 over the shelf (model simulations; Han and 
Chen, Section 14). Nearshore coastal water SSTs were generally above the 1991-2020 average 
(shore-station data; Jackson, Section 8); however, there were strong cool anomalies present in 
June, July and October in coastal Vancouver Island (VI) waters (satellite data; Hilborn et al., 
Section 16). Overlying multi-year oscillations in the annual SST, there is a long-term trend with 
ocean temperatures rising at a rate of 0.9 ºC per 100 years (Figure 3-1; Jackson, Section 8). 
Surface waters in the Northeast Pacific continued to be anomalously fresh in 2024 except in 
coastal waters where river discharge was low; this continues a freshening trend observed for 
the last eight years (Ross and Robert, Section 7). Winter mixing was weaker in 2024 relative to 
2023, similar to marine heatwave years (2014-15, 2019). Thus, the mixing of nutrients to the 
surface was likely weaker.  
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Figure 3-1. Selected indicators of the physical environment (left column), lower and upper biological trophic levels 
(right column) of B.C.’s marine ecosystems (1950-2024). Time series (red line and black dots) have been 
standardized (over the length of each time series, except as noted for SST lighthouse temperature anomalies 
normalized for 1935-2019) to have a mean of 0 (dashed horizontal line) and a standard deviation of 1 (horizontal 
green lines). The last five years of the time series are highlighted in green. The symbols to the top-right of each graph 
indicate the trend in the last five years of the time series (values in the last five years show no ( ), increasing (), or 
decreasing () linear trend). The symbols to the bottom-right of each graph indicate the status (mean value in the last 
five years is within (), above (+), or below (-) one standard deviation. Broad-scale indicators include PDO, NPGO, 
ONI, NPI, SOI (Ross and Robert, Section 7); SST_SatelliteBC is satellite SST for all of B.C.; 
SST_LighthouseAnomaly (Jackson, Section 8); FraserDischarge (Giesbrecht and Moore, Section 6); copepods and 
euphausiids (Sastri and Galbraith, Section 20); SOG_TotalZooplanktonBiomass (Young et al., Section 45); 
HerringSpawningBiomass (Cleary et al., Section 27); GroundfishSurveyBiomass (summed survey biomass of all 
groundfish except those in the SOG; Dunic et al., Section 30); HakeFemaleSpawningBiomass (Gauthier and Stanley, 
Section 31). 

Hypoxia, or low oxygen levels, received special attention at this year’s meeting. Subsurface 

oxygen concentrations are declining in B.C. waters at most locations where there are data 
(Hannah, Section 12; Bluteau et al., Section 11; Holdsworth and Christian, Section 13; Lee et 
al., Section 15; Stevens et al., Section 71). There were sustained hypoxia events in the deep 
waters of southern Queen Charlotte Sound in the summers of 2022, 2023, and 2024; this is a 
new feature on the open continental shelf. In general, subsurface oxygen concentrations are 
declining across the Subarctic Pacific Ocean. The area of the Northwest Pacific that is being 
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ventilated every winter has been declining since at least the early 1980s with strong bi-decadal 
(20 year) variability (Mecking and Drushka 2024; Hannah, Section 12). One potential cause of 
the decline is freshening of the subarctic Pacific due to input from melting Alaska glaciers (Zemp 
et al. 2019; Hannah, Section 12).  

The timing and magnitude of upwelling of deep, nutrient-rich water off the west coast of VI 
(WCVI) is an indicator of marine coastal productivity across trophic levels, from plankton to fish 
to sea 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. The 2024 
transition timing of spring upwelling was average relative to the 1991-2020 mean, and the 
magnitude of upwelling-favourable winds was below the mean, resulting in an expectation of 
average to below-average upwelling-based coastal productivity (Figure 3-1; Hourston and 
Thomson, Section 9; Wang et al., Section 61). With the exception of the Strait of Georgia 
(Evans, Section 18), the winter of 2024-2025 (as of January 2025) was characterized by above-
average downwelling-favourable winds, indicating that winter storm activity was above normal 
(Hourston and Thomson, Section 9). Persistent upwelling, particularly along the southern VI 
(SVI) continental slope, brings 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 toward the coast. In winter, spring, and summer 2024 along Line P, nitrate and 
chlorophyll concentrations in surface waters were within the range of values from previous years 
(Peña, Section 17). There were negative anomalies of other nutrients along Line P, but not as 
anomalous as during the Marine Heat Waves (MHWs) of 2014-2015 and 2019-2020, which 
restricted winter nutrient renewal, via vertical transport, due to increased stratification (Peña, 
Section 17). 

Salish Sea 

In spring 2024, the Salish Sea was generally warmer than the 1999-2024 average. In summer, 
conditions were warmer than normal in the Strait of Georgia but cooler than normal in the Juan 
de Fuca Strait, and the whole region was saltier than normal. In fall, conditions were warmer 
than normal, saltier than normal and had lower than normal dissolved oxygen concentrations  
(Jackson, Section 40; Esenkulova et al., Section 43; Taves et al., Section 58). The annual 
Fraser River discharge was at or near the minimum observed during 1995-2024 (Figure 3-1; 
Giesbrecht and Moore, Section 6). Increasing CO2 in the atmosphere has increased the 
acidification of the ocean. A reduction in the storm season intensity in the northern Salish Sea 
resulted in an increase in the extent of the water column exhibiting corrosive conditions for Ωcal  

(Evans, Section 18). 

 

2024 STATE OF BIOLOGICAL ECOSYSTEMS 

Lower trophic levels and forage base 

Outer, central, and north coast phytoplankton and zooplankton 

In 2024, satellite chlorophyll-a showed early phytoplankton blooms in numerous (but not all) 
areas of B.C. coastal and shelf waters (Hilborn et al., Section 16). Phytoplankton species 
composition in 2024 was similar to that of previous years along Line P, except for a decrease in 
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the abundance of diatoms (Peña, Section 17). Along the Continuous Plankton Recorder 
transect (shelf and offshore) the phyto- and zooplankton communities returned to average 
values following the marine heatwaves of 2014-2016; the numbers of copepods typically 
associated with warm waters were low, and the mean copepod length increased in 2024 
compared to 2023 (Ostle and Batten, Section 21). In 2023 and 2024, there were positive 
biomass anomalies of sub-arctic and boreal copepods (favourable for fish growth) for both north 
VI (NVI) and SVI, associated with a strong El Niño event; this was also reported for the Gulf of 
Alaska (Ferriss, Section 37). There had been a steady decline in abundance of southern 
copepods (less favourable for fish growth) in all areas since 2015, but that pattern reversed in 
2023 and 2024, with large positive biomass anomalies for both NVI and SVI (Figure 3-1; Sastri 
and Galbraith, Section 20). Euphausiid biomass varies by area and season (e.g., Young et al., 
Section 59). Euphausiid biomass anomalies on the NVI Shelf were above average; whereas, on 
the SVI shelf, they were average (Euphausia pacifica) or significantly reduced (Thysanoessa 
spinifera; Figure 3-1; Sastri and Galbraith, Section 20).  

Salish Sea phytoplankton and zooplankton 

Annual variation in spring bloom timing and community composition may affect the food web 
through a temporal match or mismatch between prey and predators. In 2024, the SOG spring 
bloom timing was typical compared to the long-term average (Allen and Latornell, Section 41; 
Kafrissen et al., Section 51; Del Bel Belluz, Section 19). In-situ chlorophyll fluorescence 
observations indicated that there was a relatively weak “double” spring bloom in March and May 
(Esenkulova et al., Section 43). In 2024, the SOG total zooplankton biomass (averaged over the 
year) increased from 2023 and was higher than the time series average since 1996 (Figure 3-1; 
Young et al., Section 45). Medium and large-sized copepods, euphausiids, and amphipods 
(important juvenile salmon prey) dominated the biomass (Young et al., Section 45).   

Invertebrates 

Extreme heat events, such as the atmospheric heat dome of 2021, may have a long-term 
negative effects on invertebrates in the intertidal zone, such as Olympia Oyster; however, no 
evidence of decrease in Olympia Oyster density was observed at index sites in 2024 (Herder 
and Bureau, Section 23). The Tsawout First Nation has established an adult Dungeness Crab 
(Metacarcinus magister; Á,ĆEX) Monitoring Program the QEN,T Indigenous Protected and 

Conserved Area; this program will be used to construct a temporally comprehensive time series 
(Chaves et al., Section 24). 

Forage Fish 

Forage fish form a critical link in marine ecosystems, transferring energy from lower 
(phytoplankton and zooplankton) to upper trophic levels, such as groundfish, seabirds, and 
marine mammals. Forage fish species include Pacific Herring, Eulachon, and Northern Anchovy 
among others. Coastwide Pacific Herring spawning biomass increased during 2010-2024, 
dominated by the SOG stock and with increases in the WCVI stock since 2020; however, in 
some assessed areas, such as Haida Gwaii, there have been prolonged periods of low biomass 
(Figure 3-1; Cleary et al., Section 27). In summer 2024, adult Pacific Herring biomass in 
continental shelf waters off the WCVI (mixed stocks) was the 2nd highest in the 2006-2024 time 
series, with scientific survey catch per unit effort values (CPUEs) particularly high off the SVI 
(Boldt et al., Section 28). In the SOG in 2024, the relative biomass of age-0 Pacific Herring was 
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near the time series mean (Boldt et al., Section 46). Age-0 herring were smaller than average, 
but their condition was above average.  

In 2024, the index of Fraser River Eulachon spawning stock biomass was estimated to be 
amongst the lowest in the time series, 1995-2024 (~15 tonnes; Flostrand et al., Section 47) at a 
level comparable to 2022 and 2023. However, the mean Eulachon CPUE from a WCVI 
multispecies bottom trawl survey was at moderate levels, with a slight increase in average catch 
weight from 2023 and a slight decrease in the total number of eulachon caught (Flostrand et al., 
Section 47).  

In 2024, Northern Anchovy were present in 70% of the SOG age-0 Pacific Herring survey sets; 
the highest proportion in the time series (Boldt et al., Section 46). Other indicators of Northern 
Anchovy (and other forage fish) distribution and availability include species found in the diets of 
Chinook Salmon (Tabert et al., Section 68). Interestingly, some forage fish species, such as 
Northern Anchovy, can contain thiaminase, an enzyme that degrades thiamine, which can lead 
to deficiency (McLaskey et al., Section 62) and impact fry survival (Lerner et al., Section 64) of 
Pacific salmon. 

Upper trophic levels  

Groundfish 

Changes to the physical environment and forage communities can impact higher trophic levels, 
such as groundfish, salmon, seabirds, and marine mammals. There was a continued increase in 
the biomass of shelf rockfish, several slope rockfish, and many flatfish species in the most 
recent 5-10 years (Dunic et al., Section 30). In contrast, Arrowtooth Flounder and Pacific Spiny 
Dogfish biomass declined in recent years (Figure 3-1). Dogfish stocks experienced the steepest 
declines with a particularly precipitous decrease in outside VI waters (Dunic et al., Section 30). 
The 2024 inside Pacific Hake population (Strait of Georgia) continued to increase, since 2010 
(Gauthier and Stanley, Section 31). For the migrating Pacific Hake stock off the west coasts of 
Canada and the U.S., the Canadian commercial fishery had its lowest landings in history, with 
less than 4,000 tons caught and a mere 2.7% quota attainment for 2024.  

Pacific Salmon 

On the continental shelf of the northern and western coast of VI, juvenile Pacific salmon 
abundance was average in summer and fall, except Chinook Salmon and Chum Salmon 
abundances in fall were below average (King et al., Section 29). Juvenile Sockeye Salmon 
relative abundance in summer and fall was average. Juvenile Pacific salmon condition in 
summer and fall was also average, again with two exceptions: Chinook Salmon in fall and Coho 
Salmon in summer had above average condition (King et al., Section 29). Lengths of both 2-
ocean and 3-ocean ages of returning Fraser Sockeye Salmon ranked 7th smallest among 31 
even-numbered years since 1964. This was a considerable improvement over 2022 and 
especially 2020 (Latham et al., Section 60). In 2024, returns were early for most Fraser River 
Sockeye Salmon Management Units, with record early arrival for the Early Summer 
Management Unit (Wong et al., Section 48).     
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Seabirds 

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, 
Section 32).  For just the third time in the 1996-2024 time series, diets fed to nestling Cassin’s 

Auklets on Triangle Island in the second half of June were without the copepods, their most 
important prey (Hipfner, Section 32). The fish-based diets fed to nestling Rhinoceros Auklets are 
also affected by prey availability, with nestling auklets growing more quickly in years in which 
their diets include more Pacific Sand Lance. Diets fed to nestling Rhinoceros Auklets on Pine 
Island in southern Queen Charlotte Sound and on Lucy Island in Chatham Sound included 
normal amounts of Pacific Sand Lance and Pacific Herring in 2024 (Hipfner, Section 32). In the 
Salish Sea, mean annual densities of Rhinoceros Auklet in 2022-2024 were half the peak 
observed in 2019; conversely, in 2023-2024, mean annual densities of Ancient Murrelet were 
the 2nd highest in the 2015-2024 time series (Bertram et al., Section 33). 

Marine Mammals 

In 2021, the mean abundance of Steller Sea Lions was 44,235 (95% CI: 35,855-54,574); this 
represented no change in abundance from 2017 (Tucker et al., Section 34). The number of 
rookeries and year-round haulout sites continues to increase in B.C. waters with the 
establishment of two new rookeries in 2021 and 4 new year-round haul out sites (Tucker et al., 
Section 34). In the Northeast Pacific, offshore Killer Whales exhibit seasonal shifts in latitudinal 
distribution likely mirroring their preferred prey – sharks and rays (90% of the diet; Wright et al., 
Section 35). In 2024, the number of Grey Whale strandings in B.C. decreased from the peak in 
2019 (11 animals; Cottrell et al., Section 36). During 2019-2024, there were 753 Grey Whale 
mortalities in their range from Mexico to Alaska; mortalities were attributed to environmental 
drivers leading to malnutrition, human interactions, and Killer Whale predation (Cottrell et al., 
Section 36). 

Habitat 

Offshore seamount surveys have shown rapid degradation in cold-water corals and sponges on 
multiple sites in 3 to 6 years, linked to ocean deoxygenation and acidification (Du Preez et al., 
Section 26). In 2024, the Tuzo Wilson Seamount Complex was confirmed to be a pair of 
hydrothermal recharge-discharge seamounts (the 4th of its kind globally) and an estimated 2.1 
million skate eggs were observed, making this a globally unique geothermally heated nursery 
area. In 2024, the second Joint Canada-USA International Seamount Survey was conducted on 
the Cobb and Brown Bear seamounts using underwater stereo video cameras (Rooper et al., 
Section 55). Reef-forming scleractinians were observed at 6% of transects; the corals and 
sponges are large and mature (Rooper et al., Section 55). In 2021, DFO established a survey in 
Barkley Sound to assess annual changes in kelp ecosystems and associated species 
assemblages of fish and invertebrates. Between 2022 and 2024, at nearly all depths the mean 
percent cover of algae declined, as did species richness for algae and invertebrates; however, 
the diversity of fish did not appear to change in this time period (Hankewich and Lessard, 
Section 22). DFO also established an eDNA Biomonitoring Program (Phase I, 2022-2025) to 
conduct a rapid biodiversity assessment in existing and proposed Oceans Act Marine Protected 
Areas (MPAs) and evaluate eDNA metabarcoding as a tool to detect the species level 
conservation priorities (Westfall and Rubidge, Section 25).  
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Pressures  

Climate change continues to be a dominant pressure acting on Northeast Pacific marine 
ecosystems with a multitude of physical oceanographic impacts ranging from warming, to 
stratification and upwelling, to hypoxia just to name a few. These changes are having profound 
biological impacts on species distribution, reproduction, condition and survival. Moreover, 
increasing CO2 in the atmosphere has increased the acidification of the ocean leading to a 
cascade of negative impacts on marine organisms, which will continue to intensify with the rise 
of anthropogenic carbon levels in the atmosphere (Evans, Section 18; Mason et al., Section 67).  

Harmful algal blooms produce toxins, such as domoic acid, that can cause finfish, shellfish, and 
marine mammal mortalities, as well as impacts to human health, and economic losses. In the 
SOG in 2024, dense but localized blooms of Noctiluca scintillans were observed in April-June 
and Pseudo-nitzschia was abundant in May (Esenkulova et al., Section 43). Pseudo-nitzschia 
can produce domoic acid that is responsible for amnesic shellfish poisoning (Ross and Mueller 
2024). In 2024, domoic acid and saxitoxins were at higher than average concentrations with 
saxitoxins peaking earlier than normal in Clayoquot and Barkley Sounds and domoic acid 
peaking later than normal in Malaspina Strait and Clayoquot Sound (Ross et al., Section 39).. 

Marine Aquatic Invasive Species (AIS) are increasing in both range and abundance in B.C. 
European Green Crab continue to spread in B.C. (Dyke et al., Section 72). This high-impact 
invader negatively affects eelgrass, an important fish habitat, and was detected for the first time 
on Haida Gwaii in July 2020 (Dyke et al., Section 72). Bay barnacle (Amphibalanus improvisus) 
was detected for the first time on B.C.’s North Coast in 2024 (Dyke et al., Section 72). 

Preventing the spread of AIS requires management and monitoring of anthropogenic pathways 
and vectors as early detection of AIS can inform management and policy.  

Other anthropogenic pressures include oil spills, vessel traffic, and underwater noise. For 
example, increases in sound frequencies representative of commercial vessel emissions were 
observed in 2024, thought to be related to increased vessel transits resulting from the 
Transmountain Expansion starting in May (Burnham et al., Section 44). These additions were 
most apparent in the lower frequencies at Haro Strait, which also showed elevated peaks in 
noise from additions in the lowest frequencies (< 100 Hz) during April through to October 
(Burnham et al., Section 44). Independent observers provide real-time detection and 
communication to enhance marine mammal protection during Canadian Armed Forces 
ordnance destruction, demolitions training and sonar performance trials (Hall and Ogilvie, 
Section 56). 

Monitoring  

Advanced technologies and new monitoring programs can improve our ability to detect changes 
in B.C.’s marine ecosystems and guide MPA selection. Recent, new, and proposed monitoring 

programs (not already mentioned in the above summary) include: 1) an echosounder and 
remote operated vehicle survey in Mowachaht/Muchalaht territory (Nootka Sound, B.C., 
Canada) in August 2023 to detect benthic rockfish hotspots in low and moderate slope habitat 
(Lancaster et al., Section 57); 2) the application of machine learning to predict the formation of 
phytoplankton blooms (Bougoudis et al., Section 66); 3) a proposed west coast B.C. distributed 
biological observatory, from Victoria through the inside passage to Prince Rupert, providing a 
tool to observe land-ocean systems and identify and interpret Earth system change at multiple 
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scales (Bauer and Carmack, Section 38); 4) a proposed Pacific Rim Institute for Sustainable 
Marine Systems (PRISMS) marine research center in western Canada, to drive ocean 
innovation, discovery and knowledge mobilization (Tortell et al., Section 69); and 5) annual 
monitoring at the Pacific Biological Station and the Institute of Ocean Sciences (Nelson et al., 
Section 73). 
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Individual reports on conditions in the Northeast Pacific and British 
Columbia’s outer coast 
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5.  LAND TEMPERATURE AND HYDROLOGICAL CONDITIONS OVER 
B.C. IN 2024 

Charles L. Curry, Kristyn T. Lang, and Abigail Dah, Pacific Climate Impacts Consortium, 
Victoria, B.C., cc@uvic.ca 

5.1.  Highlights  
• 2024 was the second warmest year since 1940 in B.C., exceeded only by record warm 

temperatures in 2023. 

• Snowpack increased from well below-normal to below-normal through the early winter, 
decreasing again to well below-normal by late spring. 

• Compared to 2023 drought conditions were less severe overall; however, basins in the 
Northeast continued to experience extreme drought. 

• The annual mean temperature in B.C. is increasing and can be distinguished from 
natural variability over the analyzed period of 1940-2024. Annual precipitation, however, 
exhibits no significant province-wide trend over that period. 

5.2.  Introduction 

Air temperature and precipitation can provide valuable insight into seasonal conditions in B.C. 
that have important impacts on the Northeast Pacific Ocean. This section describes the 
seasonal evolution of weather and snowpack conditions across B.C. in 2024 to help 
complement information from oceanographic data analyses. In this effort, we use monthly 
temperature and precipitation pseudo-observations from a global atmospheric reanalysis and 
both manual and automated monthly measurements of snow water equivalent from the B.C. 
River Forecast Center. 

5.3.  Description of the data  
5.3.1. 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; Data Portal | Pacific Climate Impacts Consortium). The dataset consists of 
observations from the CRMP partners—the provincially run networks, BC Hydro, the Capital 
Regional District, Metro Vancouver, and Rio Tinto—along with data from Environment Canada’s 

observing network. However, due to gaps in spatial and temporal data coverage, especially in 
Northern B.C., we performed the analysis (as was done for 2023; see Curry and Lang 2024) 
using the fifth generation European Centre for Medium-range Weather Forecasting (ECMWF) 
Atmospheric Reanalysis Product (ERA5). This product, which ingests some of the data 
contained in the CRMP database as well as from other observations, comprises a gridded 
representation of the historical climate spanning 1940 to present at a horizontal resolution of 
approximately 30 km x 30 km over the globe.  

Long-term records of mean monthly temperature and precipitation were used to calculate 30-
year climate normals for each month in the recent historical climate (we used 1981-2010, but 
our results are independent of the chosen period due the use of relative rankings; see below). 

mailto:cc@uvic.ca
https://pacificclimate.org/data
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Anomalies in monthly temperature and precipitation were then computed relative to these 
normals for the entire 1940 to 2024 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, which were then aggregated into seasonal and annual values. Finally, the 
anomalies were ranked by magnitude to assess how each season in 2024 compares with those 
of all previous years, for each variable. We define the first percentile and number 1 ranking as 
the warmest/wettest over the 85-year period of 1940 to 2024 and the highest percentile as the 
coldest/driest with a ranking of 85. 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 100th, 
100th to 90th, 90th to 66th, 66th to 33rd, 33rd to 10th, 10th to 1st, and 1st.  

5.3.2. Snow 

Monthly measurements of snowpack are made by the Ministry of Environment and Climate 
Change Strategy and BC Hydro through manual snow surveys and automated snow weather 
stations across the province. Snowpack monitoring is important because in most basins, early 
spring snowpack dictates the added potential (or lack thereof) for riverine flooding during the 
late spring melt season. In addition, the Ministry of Forests River Forecast Centre compiles 
monthly snowpack data (snow water equivalent) at available stations from early January 
through June. In each region, the ratio (percentage) of the monthly snowpack, averaged over 
stations, to the 1991-2020 mean value reflects how the current year’s accumulated snow 

amount compares with historical normals.  

5.4.  Status and trends 
5.4.1. Temperature and Precipitation 

In 2024, the average annual temperature across B.C. was the second warmest since 1940, with 
only 2023 ranking higher (Figure 5-1, left). All basins ranked in the top 6, except for Haida 
Gwaii. Temperatures were record warm in the seven southeastern B.C. basins. Annual 
precipitation anomalies were below to near normal across the province (Figure 5-1, right).  

Winter temperatures were well above normal for B.C., with the warmest temperatures occurring 
in the southern half of the province. All basins in this area ranked 6 or higher for warmest years 
since 1940. Spring temperatures were above normal across the province, except for the 
Northwest which remained well above normal. Summer temperatures reached well above 
normal, mostly in the northern parts of B.C. Northern B.C. cooled in the fall to near normal 
temperatures, while the southern part of the province warmed above to well above normal. 
Notably, the Boundary region had record warm temperatures in the fall, ranking as the warmest 
in the 1940-2024 record.  

Over the winter of 2023-2024, precipitation patterns were largely near normal over the province, 
meanwhile record wet precipitation occurred in the Northwest. Precipitation was below normal in 
the Liard, Peace, and Upper Fraser East basins. In the spring, much of B.C. was characterized 
by below normal precipitation, and Haida Gwaii was anomalously dry (6th driest on record). 
Overall, precipitation increased to near normal in the summer months. The Northwest, Stikine, 
Lower Fraser, and Skagit basins were above normal, while Skeena-Nass and Boundary were 
below normal. Fall precipitation overall remained near normal, especially in the southernmost 
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basins. Wet conditions spread to many central and coastal B.C. basins, and anomalously wet 
conditions occurred in the Peace (5th wettest), Upper Fraser West (2nd wettest), and Upper 
Fraser East (7th wettest) basins. Increased precipitation in these basins helped to reestablish  
near-normal river levels in the fall, such as observed at the Nass River above Shumal Creek (M. 
Schnorbus, private communication). However, fall precipitation in northern B.C., and also in two 
small southern basins (Skagit and Similkameen) was still below normal.  

By the end of May, 89% of B.C. was rated Abnormally Dry or in Moderate to Exceptional 
Drought (Canadian Drought Monitor, 2024). This included 99% of B.C.’s agricultural land. While 

drought extent fluctuated throughout the summer months, Moderate or Exceptional droughts 
persisted over more than 70% of the province until the end of October.  

 

Figure 5-1.  Annual anomalies for average daily mean temperature (left panel) and total precipitation (right panel) for 
2024 in B.C. Colour scale is based on percentiles as provided in the text. Labels on the map refer to ranking by year 
(1940 – 2024) with 1 being the warmest/wettest year and 85 being the coldest/driest year. Results are based on the 
ERA5 Reanalysis product from ECMWF: https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5.  

Using the seasonal and annual temperature and precipitation anomalies, province-wide trends 
are calculated for the full ERA5 record spanning 1940 through 2024. Temperature trends are 
more easily detected due to the smaller spatial and interannual variability compared to 
precipitation data. The trends in mean daily temperature are positive and statistically significant 
(p < 0.05) annually and in all seasons (Table 5-1). The trends in precipitation are not statistically 
different from zero, except for a small increasing trend in summer. The computed trends for the 
1940-2024 period are noticeably different from those for 1950-2023 presented in last year’s 

report, mainly due to the additional 10 years added to the start of the ERA5 record.  

 

 

https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
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Table 5-1. Linear trends in seasonal and annual daily mean temperature and total precipitation based on ERA5, 
spatially averaged over B.C. Only trends that are significant at the 5% significance level are shown. Trends are 
calculated from 1940-2024. Note: last year’s version of the table reported trends calculated from 1950-2023. 

Trends over 1940-2024 ANN MAM JJA SON DJF 

Mean Temperature (°C decade-1) +0.31 +0.28 +0.29 +0.17 +0.42 

Precipitation (mm decade-1) − − +19 − − 

 

5.4.2. Snow 

Averaged over B.C., snowpack levels ranged from 56% to 66% of normal from January 1st to 
June 1st, 2024 (Figure 5-2, River Forecast Center, 2024). The Vancouver Island basin remained 
below 49% of normal snowpack throughout winter and spring. Most of B.C. was below normal 
through all months, except for the Liard (>150%; May 1st), Stikine (>150%; June 1st), and 
Northwest (>120%; May 1st) basins. Winter precipitation for 2024 was near normal, with a slight 
decrease in the spring, implying that the previous year’s snowpack and precipitation deficits are 

largely responsible for the low snowpack observed in 2024.  

  

Figure 5-2. B.C. snowpack, expressed as a fraction of 1991-2020 amounts, for April (left) and June (right), 2024. 
Maps were produced by the B.C. Ministry of Forests River Forecast Centre (River Forecast Centre, 2024). 

5.5.  Factors behind trends and implications 

Observed temperature anomalies in 2024 are consistent with ongoing warming in B.C., as 
indicated by the trend analysis (Table 5-1). According to ERA5, annual mean temperatures in 
B.C. have risen by 0.31 ºC decade-1 on average over the last 85 years, nearly double the global 
mean temperature trend of +0.16 ºC decade-1 (using 1950-2024 ERA5 data from KNMI Climate 
Explorer, 2025).   

Indices of tropical Pacific Ocean temperatures (e.g., the Oceanic Nino Index; Lindsey 2009) 
indicated a transition in ENSO state during 2024, from an El Niño state, ending in May, to the 
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emergence of a weak La Niña pattern by December. Hence, the latter half of 2024 was 
characterized by an ENSO neutral state, consistent with the near-normal precipitation patterns 
seen in B.C. over that time. Finally, the continuing deficit in snowpack throughout B.C. led to 
well below normal freshet streamflows over most of the province. Basins with a characteristic 
secondary streamflow peak in fall, however, displayed near-normal flows toward the end of 
2024.  
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6.  RIVER DISCHARGE TO THE PACIFIC OCEAN IN BRITISH 
COLUMBIA IN 2024 

Ian J.W. Giesbrecht1 and R. Dan Moore2 

 

1Hakai Institute, Vancouver, B.C., Ian@hakai.org   
2University of British Columbia, Vancouver, B.C. 

6.1.  Highlights  
• During the meltwater period (spring and summer) of 2024, river discharge was well 

below average in a wide range of watersheds, including the Fraser, Skeena, Nass rivers, 
and several small coastal watershed types. 

• Between April and June, Fraser River discharge was at/near the minimum observed in 
the period of analysis (1995 – 2024). 

• By the fall, river discharge had increased to the normal range in most watersheds, with 
above normal/average October flows in diverse watershed types. 

6.2.  Description of the time series 

Freshwater discharge has important effects on the physical, chemical, and biological dynamics 
of the Northeast Pacific coastal ocean (e.g., Carmack et al. 2015). Long-term river discharge 
data can help explain anomalies in long-term oceanographic datasets. While large continental 
watersheds like the Fraser are important point sources of freshwater runoff, thousands of small 
coastal watersheds (SCW; < ~10,000 km2) are thought to produce an important “line source” of 

freshwater to the larger coastal margin (e.g., Royer 1982). The goal of this study was to report 
freshwater discharge anomalies from all of the large continental watersheds and a range of 
representative SCWs on the B.C. Pacific coast. 

Study Area 

Our study area is the coast of B.C. and the associated drainage areas within B.C. Streamflow 
regimes in the region vary from nival (snow), to glacial, to pluvial (rain), to several hybrid 
regimes, depending on catchment characteristics (Eaton and Moore 2010; Giesbrecht et al. 
2022). 

Gauge selection 

For each of five major watershed types, we selected three representative gauges (Figure 6-1) 
while considering the following criteria: gauges should be spatially distributed along the coast, 
representative of diverse watershed types and characteristics (e.g., elevation, glacier cover, 
mean annual precipitation, and precipitation as snow), located near the watershed outlet, have 
high quality data, and have at least a 30-year record. To select representative gauges, we 
referenced the geospatial (watersheds) data and historical average streamflow regimes from a 
previously published watershed classification analysis (Giesbrecht et al. 2022). Although we 
selected gauges as close to the watershed outlet as possible, all watersheds had some 
ungauged area below the gauge and we did not estimate discharge from these areas. For the 
Skeena and Fraser rivers, this represented a substantial area and includes wetter coastal 
mountains. 

mailto:Ian@hakai.org
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Data Acquisition and Analysis 

Discharge data were acquired from the Water Survey of Canada (WSC), which maintains open 
access databases for both approved and provisional data 
(https://wateroffice.ec.gc.ca/index_e.html). Data from 1995 – 2023 were compiled using the 
tidyhydat package (Albers 2017) in R (R Core Team 2020). Provisional 5-min data were used to 
compute mean daily streamflow for 2024. Long-term summary statistics were then computed 
using the FASSTR package (Goetz et al. 2023) for the period 1995 – 2024. For consistent 
interpretation, we define the 30-yr normal range by 25th to 75th percentiles. A few watersheds 
were missing approved data for 2023. 

6.3.  Status and trends 

Snow Continental watersheds in B.C. typically have a sustained period of snowmelt-driven 
runoff, with flows rising through April and May, peaking in June, and snowmelt-sustained flows 
that can extend into July and sometimes August (Figure 6-1a). In 2024, the spring freshet was 
below normal in May and June for all three of the Snow Continental type watersheds (Fraser 
River, Skeena River, and Nass River; Figure 6-1a). The Fraser River had the lowest May 
discharge – and close to the lowest June discharge – observed in the 30-year period of analysis 
(1995 – 2024). July 2024 discharge was toward the low end of the normal range for Nass and 
Skeena and below normal for the Fraser. The Skeena, Nass, and Fraser rivers had well below 
normal August flows, approaching minimums for that month. Discharge from these continental 
watersheds returned to the normal range by fall. Skeena River discharge exceeded the normal 
range from October – December 

Glacierized Mountain watersheds are normally at low flow in the winter months and high flow in 
the summer (Figure 6-1b). In 2024, February discharge exceeded the normal range but 
remained low compared to summer discharge. Discharge was below or nearly below the normal 
range from May – August for all three glacierized watersheds, except for normal discharge from 
the Homathko River in July and near-normal discharge in August. In October 2024, discharge 
exceeded or nearly exceeded the normal range in all three glacierized watersheds. 

Snow Mountain watersheds normally have a period of high flow in spring and early summer due 
to snowmelt and a period of high flow in fall and early winter due to rainfall events (Figure 6-1c). 
In 2024, January and February discharge exceeded or approached the upper end of the normal 
range in all three Snow Mountain watersheds. By contrast, discharge was below the normal 
range in April – May. Discharge was below average (or below the normal range) in June and 
near (or below) the lower limit of the normal range in July and August. Discharge in the fall 
months was normal or above normal. 

Rain Mountain watersheds normally have high discharge in the fall and winter followed by 
declining flows in spring and a low flow period in summer (Figure 6-1d). In 2024, March 
discharge was below average and April – May discharge was below or near the lower end of the 
normal range. Two of three Rain Mountain watersheds had October discharge at the upper end 
of the normal range. 

Rain Hill watersheds typically have runoff timing that is broadly similar to Rain Mountain 
watersheds, but with a longer low-flow period in summer (Figure 6-1e). In 2024, discharge was 
below normal from January through April/May and below normal in July – August. 

https://wateroffice.ec.gc.ca/index_e.html
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Figure 6-1. Mean monthly discharge in 2024 compared to historical summary statistics (1995 – 2024), for different 
watershed types in B.C. River names (top left corner) and gauge station identification numbers (parentheses) are 
noted on each panel. Note Nass and Skeena rivers missing data for 2021 and 2023. 

6.4.  Factors influencing trends 

The unusually low snowpack of 2023 – 2024 (BC River Forecast Centre 2024) led to unusually 
low meltwater discharge in spring and summer. August anomalies were less pronounced in the 
glacierized mountain watersheds compared to the snow continental watersheds, potentially 
reflecting a runoff subsidy from melting glacier ice. Further work would be needed to evaluate 
the relative contributions of rainfall and long-term glacier wastage to spring and summer 
discharge anomalies. The unusually high discharge in the fall of 2024 was associated with high 
precipitation, including particularly strong atmospheric rivers in late September and in October 
(Carey 2024; NASA Earth Observatory 2024). 
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7.  NORTHEAST PACIFIC EXPERIENCES SURPRISINGLY NORMAL 
TEMPERATURES (AGAIN) DURING EARTH’S HOTTEST YEAR ON 

RECORD 
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  
• 2024 was a lot like 2023. Like last year: 

• 2024 was the warmest year on record globally but ocean temperatures were near the 
1991-2020 mean in the Northeast Pacific.  

• The PDO was strongly negative but did not result in a cool year in the Northeast Pacific, 
due to steadily rising temperatures associated with climate change.   

• Surface waters in the Northeast Pacific continued to be anomalously fresh.  

• The winter mixing was weaker in 2024 relative to 2023, similar to marine heatwave years 
(2014-15, 2019). 

7.2.  Description of the time series  

Sea surface temperatures (SSTs) were collated from the NOAA Physical Science Laboratory 
website (NOAA Extended SST v4). Pacific climate indices examined in this report include the  
Oceanic Niño Index (ONI), North Pacific Index (NPI) Pacific Decadal Oscillation (PDO), 
Southern Oscillation Index (SOI), and North Pacific Gyre Oscillation 
(NPGOhttp://www.o3d.org/npgo/) (see Ross and Robert 2021). 

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 that started in 1959; it extends from the 
mouth of the Juan de Fuca Strait to Ocean Station Papa (OSP) at 50°N and 145°W in the 
middle of the Gulf of Alaska (Freeland 2007). Typically, there are 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 and secondary production was for that summer (Peña and 
Varela 2007; Kwong et al. 2022).  

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 
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 

mailto:Tetjana.ross@dfo-mpo.gc.ca
mailto:marie.robert@dfo-mpo.gc.ca
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http://www.o3d.org/npgo/
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out using a Gaussian covariance function with a 300 km e-folding scale (Freeland and Ross 
2019). For each month, the mean profile is centered on the 15th 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 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, 2024 was the 

warmest year on record globally (NOAA State of the Climate 2024). This is consistent with the 
recent trend, wherein all ten of warmest years globally are in the last decade. In ranked order, 
the ten warmest years are 2024, 2023, 2016, 2020, 2019, 2017, 2015, 2022, 2021 and 2018. 
Despite the record warm year globally, SSTs in the Northeast Pacific were only slightly warm in 
2024; i.e., less than 1ºC above the average for the 1991-2020 base period 
(www.ncdc.noaa.gov/sotc/ service/global/map-blended-mntp/202401-202412.png).  

 

Figure 7-1. Seasonal maps of temperature anomalies in the Pacific Ocean for each quarter in 2024 (labelled by 
month groupings). The colour bar on the right, showing the temperature anomaly in ºC, 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. 

https://www.ncdc.noaa.gov/sotc/service/global/map-blended-mntp/202401-202412.png
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In the Northeast Pacific, the seasonally-
averaged SSTs were close to the 1991-
2020 climatological values throughout 
2024. Coastal temperatures were warmer 
than average throughout the first quarter of 
the year (Figure 7-1). Also notable was the 
large change in SSTs near the equator 
from above average at the beginning of the 
year to below average at the end (Figure 7-
1); i.e., the switch from El Niño conditions 
present at the end of 2023 to La Niña 
conditions by the first month of 2025. El 
Niño typically increases SST in the 
Northeast Pacific, so the warm coastal 
temperatures early in 2024 are attributable 
to the El Niño. However, this El Niño/La 
Niña shift seems to have had little impact 
offshore in the Northeast Pacific, where 
temperatures remained near average 
(Figures 7-1 and 7-2). At Ocean Station 
Papa (OSP; 50N,145W; Figure 7-2), the 
near average temperatures were slightly 
warm throughout both the upper water 
column (0-200 m) and throughout the year, 
which is what we’d expect for an average 

year given climate change. 

Figure 7-3. 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. 

Figure 7-2. Plot of temperature anomalies, as observed by Argo floats near Ocean Station Papa. Anomalies are 
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. 
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There were strongly negative Pacific Decadal Oscillation (PDO) conditions throughout 2024 
(Figure 7-3), but this did not result in a cool year for the Northeast Pacific because it occurred 
on a background of steadily rising temperatures due to climate change. We can see how 
near-average temperatures in the Northeast Pacific can lead to a strongly negative PDO state 
by looking at how warm the Northwest Pacific was in 2024 (Figure 7-1), particularly in 
summer, but also spring and fall. This is because the PDO is a measure of the strength of a 
SST pattern with positive values when the Northeast Pacific is warm relative to the Northwest 
Pacific. With climate change, we can (and did) have a strong negative PDO in both 2023 and 
2024 without cool temperatures in the Northeast Pacific.  

Looking at the climate indices collectively (Figure 7-3), they do not show a clear pattern. The 
Oceanic Niño Index (ONI), North Pacific Gyre Oscillation (NPGO) and North Pacific Index 
(NPI) pointed to a warm year in the Northeast Pacific in 2024. Meanwhile, the PDO suggested 
the opposite and the Southern Oscillation Index (SOI) was neutral. This mix is consistent with 
the near-normal water temperatures. 

At OSP in the Alaskan Gyre, the water continued to be slightly warm and fresh, consistent 
with the last 6 years. Temperatures in the upper 200 m were slightly warmer than the 1991-
2020 mean in 2024 (Figure 7-2), but, unlike recent years previous to 2023, exhibited no 
strong anomalies due to marine heatwaves. The salinity anomaly timeseries shows that, at 
least in 2023 and 2024, recent salinity anomalies above 100 m depth were very large relative 
to the 1991-2020 Line P climatology, with anomalies 3 standard deviations above the typical 
variability (Figure 7-4). The strongest salinity anomalies at depth are seasonal, which 
suggests a change in the seasonality of stratification in the upper ocean at OSP. 

The section plots along Line P show that the salinity anomalies in the upper 100 meters 
stretch from OSP to the B.C. coast (Figure 7-5). The salinity anomalies were similar in 
strength to 2022 and 2023 and while usually consistent across Line P, there were some 
positive salinity anomalies near the coast in the late-summer cruise.  

Figure 7-4. 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. 
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Figure 7-5. Salinity anomalies (psu) along Line P from 2020 to 2024 with respect to the 1991-
2020 mean. NB: August 2023 data have not yet been quality controlled and adjusted. 
 

Figure 7-6. Coloured contour plot of density as observed by Argo floats near Ocean Station Papa (P26: 50º N, 145º 
W). The colours indicate potential density (yellow is denser and blue lighter). The black lines highlight the σ=25.2 
kg/m3 (thin) and 25.7 kg/ m3 (thick) isopycnals. 
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The winter stratification was stronger in 2023/24 relative to recent years (Figure 7-6) suggesting 
less winter mixing than the last 5 years. For context, the 2023/24 winter stratification was similar 
to the 2018/19 winter and the ‘Blob’ years. Thus, the mixing of nutrients to the surface was likely 
weaker in 2023/24 relative to normal and quite similar to the extreme heatwave years.  

7.4.  Factors influencing trends  

The relatively normal temperatures observed in the Northeast Pacific are likely due to the 
juxtaposition of a cool PDO phase, the relatively short duration of the El Niño (early in the year), 
and a background of long-term climate warming. The salinity anomalies, i.e., freshening of the 
surface waters in the Northeast Pacific in the last 6 years, 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 (e.g., Hugonnet et al. 2021). 

7.5.  Implications of those trends 

With the PDO in a cool phase and the temperatures near normal, it is likely that during the next 
positive PDO, the Northeast Pacific will be extremely warm. 

The ‘Blob’ and the 2019-20 marine heatwave reduced winter mixing (Freeland 2015; Ross and 
Robert 2021), which led to surface nutrients among the lowest on record in the summer of 2019 
(Peña and Nemcek 2020). The history of the σ=25.7 kg/m3 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. We now need to look at the next lighter isopycnal 
(grey line between the two labelled black line in Figure 7-6) to see the variability in winter mixing 
in recent years. The 2024 winter mixing was as weak as during the marine heatwave years. 
This weaker mixing suggests that nutrient supply from deep waters were reduced and may 
explain why early spring nutrient levels were low (Peña, Section 17); fewer nutrients were 
available to fuel the spring phytoplankton bloom. 
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8.  SEA SURFACE TEMPERATURE AND SALINITY OBSERVED 
ALONG THE B.C. COAST IN 2024 

Jennifer M. Jackson, Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C.,   
jennifer.jackson@dfo-mpo.gc.ca  

8.1.  Highlights  
• Sea surface temperatures (SST) were generally above the 1991-2020 average 

throughout the B.C. Coast, and particularly on the North and Central Coast. 

• SST showed a continued long-term warming trend of 0.9°C per 100 years, with waters 
warmer than average since 2012. 

• Sea surface salinity (SSS) was above the 1991-2020 average in the Strait of Georgia 
and on the north and central B.C. Coast; this trend was likely driven by the low 
freshwater runoff. 

• Overall, SSS was freshening at a rate of about 0.1 salinity units per 100 years though 
there were regional differences. 

8.2.  Description of the time series 

 

Figure 8-1. Red dots with black centers show the locations of 12 shore stations (left). Table above of station details 
(right). 

As part of the British Columbia Shore Station Oceanographic Program, SST and SSS are 
measured daily at 12 shore stations, at the first daylight high tide. Most stations are at 
lighthouses (Figure 8-1) with observations made by lighthouse keepers using a handheld 
electronic instrument (YSI Pro 30). 

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 for 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 
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year and site to site. There was, however, below average data collected during 2024, mostly 
due to poor coverage at three of the 12 stations. The conditions for sampling were often too 
treacherous at one lighthouse (McInnes) and there were staffing issues at two lighthouses 
(Pine, Chrome). For the others, most of the missing data was due to poor weather conditions 
and/or poor data quality. Overall, the average coverage for 2024 was 69% with only 2 stations 
were above the 95% mark.  

8.3.  Status and Trends 

The observations show that the annual average daily SST at all stations was warmer in 2024 
than in 2022 and 2023, with a coast-wide average temperature of 10.7C. Overall, annual 
temperatures observed at the Strait of Georgia and west coast Vancouver Island in 2024 were 
close to the mean calculated over the 1991-2020 period (Figure 8-2) while the annual 
temperature observed at the North Coast were warmer than average. Regionally, the Salish 
Sea stations exhibited warmer temperatures than the West Coast stations (11.8C vs. 11.2C in 
2024) and the North Coast stations (11.8C vs. 10.4C in 2024).  

With respect to SSS (Figure 8-2), the 2024 coast-wide annual average was 29.0 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 slightly 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 three 
stations which did not pass the coverage criteria and which are all (Chrome, Pine and McInnis) 
located in areas of relatively high SSS. These annual means are, therefore, skewed towards 
lower SSS values. Race Rocks and Nootka stand out from the 1991-2020 observed range in 
2024; the former being saltier than the annual maximum observed while the latter was fresher. 
The sampling location at Race Rocks changed in 2020 and since then the salinity values have 
been higher. An investigation is underway to determine how this impacts the long-term time 
series. Regionally, two of the three stations located in the Salish Sea showed average 
conditions in 2024 (Departure and Entrance). Along the West Coast, all stations were fresher 
than average. Along the North Coast, three stations were saltier than average in 2024.  
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Figure 8-2.  Annual average SST (upper) and SSS (lower) in 2024 (black dots) from daily observations at shore 
stations along the west coast of Canada. The area is divided in three geographically distinct regions (Strait of 
Georgia, West Coast, and North Coast). Two stations lie at the periphery of these regions: Race Rocks and Pine, 
which may be subject to distinct oceanographic regimes. The green stars represent the 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, respectively. 

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 8-3). Similarly, a coast-wide freshening in the order of 0.1 per 100 
years was found based on combining all of the shore station (Figure 8-3). These estimates vary 
from site to site and are very sensitive to the period used for the analysis. More work will be 
done in the coming year to understand how and whether the trends differ across B.C.  
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Figure 8-3. Trend in annual SST (upper) and SSS (lower) 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 
(1935-2024). Important El Niño Southern Oscillation (ENSO) phases are indicated above as red (El Niño warm 
anomaly) and blue (La Niña cold anomaly) circles and dots (strong phase). 

8.4.  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 2024 
continue the period of warmer than normal water (where normal is defined as the average on 
the long-term SST record starting in 1935). This warm water period has lasted for twelve 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. 
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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. Below average runoff from the Fraser River (Giesbrecht 
and Moore, Section 6) likely caused high salinity in the Strait of Georgia.  

8.5.  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. A recent 
paper suggests that sea star wasting disease on the Central Coast can be linked to warming 
sea surface temperatures (Gehman et al. 2025).  
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9.  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 

9.1.  Highlights  
• Based on the timing of alongshore currents and wind stress, the 2024 Spring Transition 

timing was average relative to the 1991-2020 mean. Average timing is associated with 
average upwelling-based coastal productivity. 

• The length of the 2024 summer upwelling season, from Spring to Fall Transition, was 
slightly shorter than average. This favoured below-average upwelling-based coastal 
productivity. 

• 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 2024 was below the 1991-2020 average during the warm 
season. This also favoured below-average upwelling-based coastal productivity in 2024. 

• The winter of 2023-2024 was characterized by above-average downwelling-favourable 
winds, indicating that winter storm activity was above normal over the winter overall. The 
winter of 2024-25 also had above average downwelling winds as of January 2025. 

9.2.  Description of the 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 equatorward in summer. The 
Spring and Fall Transitions for the 
Pacific Coast are derived using 
alongshore wind stress time series from 

NCEP/NCAR Reanalysis-1 (Kistler et al. 
2001), alongshore wind velocity from the Environment and Climate Change Canada 
meteorological buoy 46206, and the alongshore current velocity at 35 and 100 m depth at 
moorings A1 and E03 (Figures 9-1 and 9-2; Folkes et al. 2017; Thomson et al. 2013). 

Upwelling Index: Because they drive offshore surface Ekman transport and compensating 
onshore transport at depth, the strength (duration and intensity) of upwelling-favourable 

Figure 9-1. Locations of moorings A1 and E03 used for 
wind velocity, meteorological buoy 46206 used for wind 
stress, and Reanalysis 1 used for wind stress. 
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(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 the upwelling-
favourable-only wind stress by month along the west coast of North America from 45°to 60° N 
latitude (Figure 9-3) 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 the poleward (downwelling-favourable) wind stress (Figure 9-
4). Because the poleward wind stress is typically stronger in winter as a result of storms tracking 
eastward across the North Pacific, the Downwelling Index can reflect the strength of storms 
hitting the B.C. coast, a shift of storm tracks closer to 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. 

9.3.  Status and trends 
9.3.1.  Spring and Fall Transition timing 

In 2024, the timing of the Spring Transition was close to the 1991-2020 mean (Figures 9-2 and 
9-5). The 2024 Spring Transition date was taken as the mean of the transition to predominantly 
equatorward flow in current flow at 35 and 100 m at station E03, as well as wind stress from 
Reanalysis and meteorological buoy 46206. They were all within a few days of each other. 
Surface chlorophyll increased significantly at the time of Spring Transition, indicating increased 
productivity upon the onset of upwelling. The timing of the 2024 Fall Transition appears near 
average and a bit early, 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 the period 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 
9-2(b) and (c)). However, the late Spring Transitions in 2022 and 2023 resulted in a dramatic 
reset of the length of upwelling and downwelling seasons making them shorter and longer than 
average, respectively. The upwelling season was of near average length in 2024, favouring 
near-average productivity that year. 

9.3.2.  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 2024 warm season (Figures 9-3 and 9-5). 
Unlike the previous six years, February upwelling-favourable winds were not significantly higher 
than average. No trends in upwelling-favourable winds since 2013 are evident in Figure 9-3. 
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Figure 9-2. (a) Time series depicting the Spring and Fall Transitions off the west coast of Vancouver Island in 2024. 
Wind stress at Reanalysis-1 grid point 49°N 126°W and meteorological buoy 46206; significant wave height at 46206; 
alongshore current velocity at 35 and 100 m depth at mooring E03 (Folkes et al. 2017; Thomson et al. 2013) and 
MODIS-Aqua chlorophyll-a (A. Hilborn, pers. comm.). 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; and (c) The length of the upwelling and downwelling seasons derived from the time series in panel 
b. The length of the downwelling season for a given year is the difference between the spring transition of that year 
and the fall transition of the previous year. 

a) 

b) 

c) 
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Figure 9-3. Recent (2013 to 2024) monthly mean anomalies (relative to 1991-2020) of monthly sums of 
alongshore upwelling-favourable (equatorward) wind stress (in newtons per square metre summed over 
days) from the NCEP/NCAR Reanalysis-1 coastal surface wind stress grid locations, 45-60° N. 
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9.3.3.  Downwelling Magnitude: The Downwelling Index 

During four of the five winters from 2017-2018 to 2021-2022 (excluding 2020-2021), the 
Downwelling Index was lower than average, like the winter of 2013-2014, but not quite as low 
(Figure 9-4). This indicates reduced wintertime surface mixing and shallower mixed layer depth 
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. This changed 
over winter 2023-2024, when the index was above average comparable to 2016-2017, although 
was also followed by higher-than-average sea surface temperatures in summer 2024. So far, 
over the winter of 2024-2025, the index has also been higher than average through Oct.-Dec. 
2024. These recent winter values indicate a return towards average winter downwelling 
conditions and related storm activity. 

9.4.  Factors influencing trends 

The reason the Fall Transition may be occurring later over the last 10 years is unknown. While 
the Upwelling and Downwelling indices were above average over the ten-year period 2000-2010 
(indicating a period of consistently both stronger summertime and wintertime winds), the 
wintertime Downwelling Index had been lower than average over the period 2012-2020 and 
2022 and 2023 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. Observations over the 

Figure 9-4. Recent (2013 to 2024) monthly mean anomalies (relative to 1991-2020) of monthly sums of 
alongshore downwelling-favourable (poleward) wind stress (in newtons per square metre summed over 
days) from the NCEP/NCAR Reanalysis-1 coastal surface wind stress grid locations, 45-60° N. 
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previous two winters, however, indicate these factors appear to be returning to average 
conditions. 

9.5.  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 
degree of winter ocean surface mixing, the vertical extent of the surface mixed layer, and the 
level of upper ocean 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 2024 Spring Transition timing was near the long-term 
average, favouring average upwelling-based coastal productivity. 

Between 45°and 60° N, the magnitudes of warm season upwelling-favourable winds in 2024 
were below average, favouring below-average upwelling-based coastal productivity. 

The significantly weaker-than-average Downwelling Index in the winter of 2013-2014 was an 
accurate indicator of the weaker than average wintertime winds associated with the marine 
heatwave that year (Bond et al. 2015), and is likely also the case for most of the winters since 
2018-2019, as well as future marine heatwave events. In addition, the weaker winter storm 
activity associated with a weaker Downwelling Index implies weaker surface mixing, a shallower 
mixed layer depth, stronger stratification, and possibly lower productivity. However, the higher 
than average Downwelling Index over winter 2023-2024 and 2024-2025 so far indicates a return 
to near-average winter downwelling, storm activity and surface mixing. 
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Figure 9-5. Annual Spring and Fall Transition Timing and March-November upwelling-favourable wind stress 
magnitude for the period 1980-2024 for the region near the stations depicted in Figure 9-1. Note that the dashed lines 
representing the standard deviations for the Spring and Fall transitions span a band of values in the spring and fall, 
respectively (see the left-hand time axis). 

9.6.  Acknowledgements 

Mooring ocean velocity and temperature data provided by the Institute of Ocean Sciences Data 
Archive, Ocean Sciences Division, Department of Fisheries and Oceans Canada. 
http://www.pac.dfo-mpo.gc.ca/science/oceans/data-donnees/index-eng.html and 
https://www.waterproperties.ca/data/. 

NCEP-NCAR Reanalysis 1 wind stress data provided by the NOAA Physical Sciences 
Laboratory, Boulder, Colorado, USA, from their website https://psl.noaa.gov. 

Environment and Climate Change Canada meteorological buoy wind stress data provided by 
CIOOS Pacific at https://data.cioospacific.ca/erddap/tabledap/ECCC_MSC_BUOYS.html. 

MODIS-Aqua chlorophyll-a data provided by Andrea Hilborn, Institute of Ocean Sciences, 
Ocean Sciences Division, Department of Fisheries and Oceans Canada. 
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10.  VANCOUVER ISLAND WEST COAST SHELF BREAK CURRENTS, 
TEMPERATURES, WIND STRESS, AND WATER LEVEL 

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  

10.1.  Highlights 
• During January/February 2024, the speeds of the alongshore currents at mooring E03 

were anomalously high and strongly poleward (downwelling-favourable). This was 
concurrent with greater than average poleward wind stress, higher than average water 
levels at Tofino, and above average surface water temperatures. These conditions arose 
from a deeper than average Aleutian Low pressure system in the Gulf of Alaska and, in 
the case of water temperatures, the continuation of the El Niño that began in 2023. 

• In April and May 2024, a higher than average North Pacific High surface pressure 
system led to stronger than average upwelling-favourable equatorward shelf-break wind 
stress and subsurface currents, and lower than average coastal water levels and surface 
temperatures. 

• The year 2024 finished with above average surface temperatures, stronger than average 
poleward wind stress, and higher than average coastal water levels, which, again, were 
coincident with a deeper than average Aleutian Low. 

10.2.  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 10-1) since 1990, but with an extensive data gap 
between 2006-2020. Nearby alongshore wind velocity from the Environment and Climate 

Change Canada meteorological buoy 
46206 has provided sea surface 
temperature at 80 cm depth and wind 
velocity time series at 5 m elevation 
(corrected to the standard height of 10 
m) since 1988. Unfortunately, the buoy 
data were not available in time for this 
analysis. In its place, we have used sea 
surface temperature from the satellite/in 
situ NOAA Optimum Interpolation (OI) 
SST V2 High Resolution Dataset (Huang 
et al. 2021) and surface wind stress from 
NCEP-NCAR Reanalysis 1 (Kistler et al. 
2001). Water level has been observed at 
Tofino by the Canadian Hydrographic 
Service since 1963. We have combined 
these series to obtain the vertical 
structure of water level, temperature, and 
flow within the water column. 

Figure 10-1. Locations of mooring E03 for temperature and 
velocity, meteorological buoy 46206 for surface water 
temperature and wind stress, OI SST for temperature and 
Reanalysis 1 for wind stress, and Tofino for water level. 
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10.3.  Status and trends 

Water temperatures at the surface in early 2024 were above average through to May reflecting 
the continued El Niño (Ross and Robert, Section 7), were strongly below average from May 
through October, and finished the year above average (Figure 10-2, left). Subsurface 
temperatures were only available from mooring E03 at 400 m depth and they were mostly below 
average through to the middle of the year. Data recorded at depth after July 2024 will not be 
available until the mooring is recovered in summer 2025. 

Alongshore winds and currents were more strongly poleward (downwelling-favourable) than 
average both in January and December 2024 (Figure 10-2, right) due to a stronger than 
average Aleutian Low pressure system at those times. This led to higher-than-average sea level 
and above average temperatures at the surface and at depth. Unlike the previous six Februarys, 
environmental conditions did not reverse, i.e., did not change to stronger than average 
equatorward flow and lower than average sea level due to a stronger and more northward-
shifted North Pacific High pressure system over the Northeast Pacific. In April and May, there 
was a strong upwelling event as indicated by lower than average surface temperatures, stronger 
than average equatorward near-surface currents, and a greater than average North Pacific 
High. 

Historically, temperature anomalies are positive during a marine heatwave and El Niño, as for 
example over 2014-2016 (Figure 10-3, left). 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 Niño years (Figure 10-3). This is likely due 
to more intense large-scale surface atmospheric circulation features (Aleutian Low and North 
Pacific High) associated with El Niño events. Stronger poleward flow may also have been due to 
an eastward shift of the winter storm tracks toward the coast. 

Higher temperatures and water levels, as well as enhanced poleward flow, were also observed 
during the strong 1997-1998 El Niño (Figure 10-3). This was also the case over the first half of 
2024, with the continuation of the El Niño event that began in 2023. 

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 1990-2024, 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.
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Figure 10-2. Daily mean values of temperature (left panels) and alongshore wind stress, water level, and alongshore ocean current (right panels) at the surface, 
35 m, 100 m, 175 m, and 400 m depth from, respectively, the NOAA Optimum Interpolation (OI) SST V2 (1x1 latitude longitude degree), mooring E03, NCEP-
NCAR Reanalysis 1, and Canadian Hydrographic Service (CHS) Tofino station. Angle in brackets (ºT) is the principal direction of the wind or current vector in 
degrees true compass bearing. 
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Figure 10-3. Monthly anomalies of temperature (left panels) and alongshore wind stress, water level, and alongshore ocean current (right panels) at the surface, 
35 m, 100 m, 175 m, and 400 m depth from, respectively, the NOAA Optimum Interpolation (OI) SST V2 (1x1 latitude longitude degree), mooring E03, NCEP-
NCAR Reanalysis 1, and Canadian Hydrographic Service (CHS) Tofino station. Angle in brackets (ºT) is the principal direction of the wind or current vector in 
degrees true compass bearing. Strong El Niño or La Niña years are those with at least three consecutive months of OISST.v2.1 SST anomalies ≥+1.5 °C or ≤-
1.5 °C over the Niño 3.4 region (5ºN-5ºS, 120º-170ºW). 

. 
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10.4.  Factors influencing trends 

Although long-term trends do not appear evident, the strong El Niño 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 Niños 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), 
and was the case over the 2023-2024 winter due to the El Niño event. 

10.5.  Implications of those trends 

Recent El Niño 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 
conditions are above average, but that no long-term trend is occurring. If these types of events 
increase in frequency in the future, they could impact long-term trends. 

10.6.  Acknowledgements 
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11.  SUBSURFACE OCEAN CONDITIONS ON THE B.C. SHELF: THE 
B.C. SHELF MOORING PROGRAM 

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

11.1.  Highlights  
• The cooling of annual temperature minimums at 40 m along the B.C. shelf associated 

with the recovery from the Blob event and the 2015-16 El Niño ceased in early 2023. 
These waters have now been warming. 

• The rate of warming of subsurface waters below 40 m was less pronounced than at 40 
m. The warming rates decreased with increasing depth. From late March 2024, 
coinciding with the early start of the upwelling season, subsurface temperatures from 
sensors deeper than 40 m were below historical averages. 

• Strong wintertime upwelling events continue to occur. At the Scott2 mooring (north of 
Cape Scott) the sequence of strong downwelling, upwelling, and then downwelling lead 
to anomalously high oxygen concentrations and low salinity down at least 200 m but not 
280 m.  These conditions persisted from late January through April 2024. 

11.2.  Description of the time series  

The B.C. Shelf Mooring Program has maintained 
8-12 instrumented moorings on the B.C. shelf 
since 2016 (Figure 11-1). Measurements at all 
locations include temperature, salinity, and 
dissolved oxygen at multiple depths, and water 
velocity through the water column. Moorings are 
recovered and redeployed on an annual basis 
during the summer months. Currently, there are 
6 moorings in planned or existing Marine 
Protected Areas (MPA) in the northern shelf 
bioregion. This sampling could be the backbone 
of a monitoring program for the region’s MPA 

Network.  

The goal is to maintain an array of moorings 
from southern Vancouver Island 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 E01 (Estevan Point), 
SRN1 and SRC1 (Sponge Reef North and 
Central), Juan1 (Juan Perez Sound), Dixon 3 

and Chat2 (Chatham Sound). New moorings 505A and MRT1 were deployed in 2024 to monitor 
water entering Hecate Strait through Moresby Trough. The program inherited the long time 
series (30+ years) at E01, on the inner Vancouver Island shelf, and A1 at the edge of the 

Figure 11-1. Mooring locations. Red and blue crosses 
indicate those in the water from July 2023 to July 
2024. Existing and proposed MPAs are delineated 
with blue polygons. The circles are sized according to 
the total duration of available oxygen data, with the 
color denoting the start of data collection. 
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Vancouver Island shelf (48.5351ºN,126.1937ºW). E01 continues to be maintained. A1 was 
abandoned in 2021 after the mooring was hit and cut by mid-water trawls thrice in four years. 
E03 is a temporary replacement location until a plan to re-establish A1 is developed.   

11.3.  Status and trends 

A declining trend in the annual minimum temperature at 40 m has been evident broadly across 
the shelf since 2017 (Figure 11-2). As predicted in last year’s report (Hannah et al. 2024), water 

temperatures at 40 m increased across the B.C. shelf in response to 2023/24 El Niño.  

Figure 11-2.  Subsurface water 
temperatures measured from 
moored instruments for E01 
(red; 35 m), Scott2 (gold) and 
SRN1 (light green; both 40 m 
except 50 m for 2019-19), 
Chat3 (blue; 40 m); and Dixon 
3 (dark blue; 35 m). A 25 h 
running mean average was 
applied to the measurements, 
which are typically collected at 
10 to 30 min intervals. Line 
colors represent the moorings' 
latitude from south (red) to 
north (blue). The notable 
feature is the decline in annual 
minimum temperatures (winter) 
from 2017 to 2023 and last 
year’s increase to post-Blob 
2016 temperatures.  

The mooring records at E01 (Estevan Point) on the inner Vancouver Island shelf go back to 
1990 with oxygen sensors being regularly deployed since 2020 at this site. Hence, the oxygen 
records at Scott2 are longer having been fitted with oxygen sensors since its inception in 2016 
(Figure 11-1). We thus focus on the trends from these two moorings.  

At E01, subsurface temperatures were above historical averages except for the deepest sensor 
at 95 m during late fall 2023 and after the onset of upwelling in April 2024 (not shown).  At 
Scott2 mooring, a subsurface temperature increase was also observed in 2024 at sensors 
below 40 m (Figure 11-3), although the increase becomes less pronounced with increasing 
depth. In fact, last year’s annual (summer) temperature minimum exceeded historical averages 

for sensors at 40 and 100 m, while deeper temperatures were below average (not shown). 

The oxygen time series at Scott 2 also has a substantial seasonal cycle with a typical peak-to-
trough range of 1 ml/l near the bottom (Figure 11-4). The lowest concentrations are typically in 
summer, when they can drop below the hypoxia limit of 1.4 ml/l. Sustained hypoxia has now 
occurred for three years near the bottom during the spring and summer of 2022 to 2024. 
Oxygen levels at depths deeper than 150 m were below historical averages for most of the year 
(Figure 11-4) except between late January and early April 2024. During this period, oxygen 
levels were much higher than average at all depths with available sensors (100 m and deeper, 
Figure 11-4), while salinities were much lower than average (not shown).  A winter upwelling 
event was observed again at Scott 2, with near-bottom oxygen dropping to the hypoxic 
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threshold between Jan 9 and 16, 2024. The decreased oxygen occurs progressively later at the 
shallower sensors, but the reduced oxygen is observed at all measurement depths (Figure 11-
4). The lower oxygenated water is associated with cooler and saltier (denser) water that has 
been upwelled onto the shelf. A reduction of deep oxygen (>370 m) was also observed offshore 
at the E03 mooring. This reduction began in late December 2023 until reaching a winter 
minimum below 1.15 ml/l between Jan 16 to 21 2024 (not shown).  

11.4.  Factors influencing trends  

The B.C. shelf-wide increase in water temperatures at 40 m caused by El Niño as was predicted 
last year (Hannah et al. 2024), which reversed the trend of declining annual minimum 
temperatures at 40 m post-Blob. This trend reversal at Scott2 decreased with depth, especially 
near the bottom at 280 m (Figure 11-3), which may be attributable to the stronger than average 
upwelling in spring and summer (Hourston and Thomson, Section 10). This stronger upwelling 

may partly explain the below-average 
oxygen (Figure 11-4). However, it’s 

unlikely that upwelling is the only cause 
for the three summers of near-bottom 
hypoxic conditions at Scott2 and more 
broadly in southern Queen Charlotte 
Sound (Hannah, Section 12).  

The winter hypoxic waters at Scott2 
were associated with potential densities 
greater than ~1026.8 kg/m3. In 
comparison, in summer, these low 
concentrations are found in slightly 
lighter water, 1026.75 kg/m3. This lower 
oxygen is likely the result of increased 
oxygen consumption during the spring 
and summer blooms (e.g., Franco et al. 
2023).  In summer, the Scott2 oxygen 
concentrations at potential densities of 
1026.5 kg/m3 are similar to 
concentrations found in denser water 
(~1026.7 kg/m3) at deeper depths at 
E03 and Line P station P4.  

For the last 8 years, Hourston and Thomson (2024) have reported wintertime upwelling offshore 
of Vancouver Island. The upwelling event in February 2023 at Scott2 was more intense than in 
January 2024. Although wintertime upwelling events can be identified elsewhere in the 
timeseries, the last two winter events have been the most intense since starting measurements 
in 2016. Winter upwelling events have become a regular feature on the B.C. shelf. However, 
winter oxygen levels at Scott2 (depth>100m) were well above average outside the week-long 
upwelling event in Jan 2024 (Figure 11-4). 

Figure 11-3.  Subsurface water temperatures measured from 
moored instruments at Scott2 at 40 m (top); 100 m (middle) and 
280 m (bottom). A 4-d running mean average was applied to the 
measurements, which are typically collected at 10 to 30 min 
intervals. Satellite sea surface temperature is included in the top 
panel.  
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Figure 11-4.  Daily subsurface dissolved oxygen measured at Scott2 mooring from July 2023 to July 2024 plotted 
against the statistics from 2016 to 2024 at the same measurement depth. The 2024 measurements are color coded 
based on anomalies calculated using the historical average. The color and y-axis scale for the deepest sensor at 280 
m is half of those at shallower depths.  

11.5.  Implications of those trends   

The deep water north of Vancouver Island appears to contain less oxygen than water with 
comparable density offshore of Vancouver Island, although there are strong seasonal variations 
in oxygen content at depths shallower than about 200 m. The reduced oxygen content north of 
Vancouver Island is counter-intuitive when considering that the proportion of water attributed to 
the lower-oxygen California Undercurrent weakens when moving northwards (Thomson and 
Krassovki 2010).  

Next year’s program summary intends to report on the spatial coherence between water 

properties entering the Northern Shelf Bioregion at MRT1 and MPAs. The intent is to identify 
whether similar reduced oxygen trends extend north of Cape Scott and examine the connectivity 
between shelf waters and inshore MPAs. 
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12.  OXYGEN AND HYPOXIA IN BRITISH COLUMBIA WATERS 
Charles Hannah, Fisheries and Oceans Canada, Sidney, B.C., Charles.Hannah@dfo-mpo.gc.ca  

12.1.  Highlights  
• Subsurface oxygen concentrations are declining in B.C. waters at most locations where 

there are good time series.  

• There were sustained hypoxia events in the deep waters of southern Queen Charlotte 
Sound in the summers of 2022, 2023, and 2024; this is a new feature on the open 
continental shelf.  

• Oxygen concentrations measured on constant density surfaces below the winter mixed 
layer depths are declining across the Subarctic Pacific Ocean. However, the freshening 
of the surface waters of the North Pacific means that oxygen concentrations at constant 
depth can be roughly constant.  

• The area of the Northwest Pacific that is being ventilated every winter has been declining 
since at least the early 1980s with strong bi-decadal (20 year) variability and the likely 
cause of the decline is the freshening of the subarctic Pacific due to the freshwater input 
from melting Alaska glaciers. Taken together, these are the likely cause of declining 
subsurface oxygen concentrations across the Subarctic Pacific Ocean.  

• The Pacific Decadal Oscillation plays an important role in oxygen dynamics across the 
North Pacific and this decadal scale variability means that trends computed for time 
series of 30 or 40 years can be misleading.  

12.2.  Description of the time series 

Time series of oxygen concentrations include: 

1. Station P4 over the upper continental slope (Line P; Figure 12-1 and Figure 12-2; 
Crawford and Peña 2016). The time series is now maintained by the DFO’s OSD Data 
Group. 

2. Station LB08 on the southern Vancouver Island shelf (Figure 12-1; Crawford and Peña 
2013; updated here by Akash Sastri, DFO; Figure 12-3).   

3. northern and southern Strait of Georgia, for the deep water between 200 m and the 
bottom (Johannessen et al. 2014; currently being updated by Jennifer Jackson, DFO).  

4. Queen Charlotte Sound (Sam Stevens, Hakai Institute; Stevens et al. in prep.). Initial 
results are reported here and Section 71. 

Temperature, salinity, and oxygen time series for most B.C. inlets can be seen at https://ios-
osd-dpg.github.io/bc-inlets/.  The webpages include plots of sampling statistics.  The data can 
be found at waterproperties.ca.  
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Figure 12-1. The sampling locations referred to in the text.  FOC is Douglas Channel; RI2 is Rivers Inlet; KN7 is 
Knight Inlet; BU04 is Bute Inlet; LB08 is southern Vancouver Island Shelf; CS01, CS03, CS09 are southern Queen 
Charlotte sound (slope, shelf break, and shelf respectively), P4 is the upper continental slope.  The crosses are 
instrumented mooring locations, see Bluteau et al. (Section 11).   

 

12.3.  Status and Trends 

There are numerous papers documenting the declining subsurface oxygen concentrations 
across the subarctic Pacific Ocean (Ono et al. 2001; Deutsch et al. 2005; Whitney et al. 2007; 
Crawford and Peña 2016 and 2021; Ito et al. 2017 and 2019; Sasano et al. 2018; Cummins and 
Ross 2020; Stramma et al. 2020; Barth et al. 2024).  At Ocean Station P (OSP), there was a 
20% decline in oxygen between 0-1550 m from 1960 to 2018 (Cummins and Ross 2020).  Only 
20% of this loss is due to decreased solubility due to increasing temperature.  At Ocean Station 
P (OSP), on isopycnals (density surfaces) between 26.2 to 27.0 kg m-3 (roughly 100-300 m 
depth), oxygen concentrations declined by 4 to 6 µmol kg-1 per decade (0.09 to 0.13 mL L-1 per 
decade) over the period 1960 to 2019 (Cummins and Ross 2020).  The OSP time series also 
shows pronounced variability at about 20 year time scales which is associated with variability in 
tidal mixing at the entrance to the Okhotsk Sea in the Northwest Pacific (the 18.6 year Lunar 
Nodal Cycle; Whitney et al. 2007; Crawford and Peña 2016). 

The north Pacific Ocean has a large oxygen minimum zone (OMZ; oxygen concentrations less 
than 1.0 mL/L) that extends from about 400 m to 1700 m depth. Ross et al. (2020) reported that 
the bottom boundary of this zone was deepening at a rate of about 30 m per decade in the 
vicinity of the Tang.ɢ̱wan – ḥačxwiqak – Tsig̱is (TḥT) MPA.  This deepening of the OMZ is 
expected to impact some deep seamounts in the MPA.  

The oxygen concentrations over the upper continental slope at Station P4 (on three density 
levels 26.5, 26.7, 26.9 kg m-3) show a decadal scale trend of low oxygen in the 1950s, high in 
the 1970s and 1980s, declining through about 2010, and declining or variable since (Figure 12-
2). This pattern extends from southern California to B.C.; it is the signature of the California 
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Undercurrent.  There is also a lot of variability around the decadal scale trend. In recent years 
the oxygen concentrations on the 26.5 kg m-3 isopyncnal have been variable but not declining.  
On the deeper isopynals (26.7 and 26.9 kg m-3) the ongoing decline is more evident.  

In the deep southern Strait of Georgia (below 200 m) the oxygen concentration declined by 8.7 
to 10.7 µmol L-1 per decade (about -0.2 to -0.25 mL L-1 per decade) over the period 1970 to 
2009 (Johannessen et al. 2014).   

At station LB08 on the southern Vancouver Island shelf, over the period 1979 to 2024, the late 
summer oxygen concentrations declined by between 0.1 to 0.2 mL L-1 per decade at 50 m, 75, 
100 m, and 125 m depth in 145 m of water (Figure 12-3).  The decline at 125 m is consistent 
with that computed by Crawford and Peña (2013).  

In Bute Inlet, Knight Inlet, and Rivers Inlet, the deep oxygen (below sill depth) declined by 
between 0.4-0.7 mL/L over the 70 year period of 1951-2020 (0.06-0.11 mL L-1 per decade; 
Jackson et al. 2021).  In Douglas Channel at 300 m depth, Hannah et al. (2024) reported a 
decline in oxygen concentration of 0.2 mL L-1 per decade (8.3 µmol L-1 per decade) between 
1977 and 2016 and the correspondence between the decadal scale trends at Station P4 and at 
depth in Douglas Channel was noted. 

In southern Queen Charlotte Sound, the oxygen concentrations at Stations CS09 (shelf), CS03 
(shelf edge), CS01 (slope) have declined by 11, 17, 13 µmol kg-1 per decade (about 0.2, 0.4, 0.3 
mL L-1 per decade) respectively over the period 2003 to 2023 (Figure 12-4) 

 

Figure 12-2.  Annual mean oxygen concentrations in the vicinity of station P4 on the upper continental slope. The 
time series are computed on three constant density levels: 26.5, 26.7, 26.9 kg m-3. 
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Figure 12-3.  Late summer (mid-August to mid-October) oxygen concentrations at station LB08 on the southern 
Vancouver Island shelf.  The temporal trends range from 5 µmol kg-1 decade-1 (-0.1 mL L-1 decade-1) at 50 m, to 7 at 
µmol kg-1 decade-1 (-0.16 mL L-1 decade-1) at 125 m.  All trends are significantly different from zero at 95% 
confidence.  The trend at 125 m is consistent with that computed by Crawford and Peña (2013).   

 

Figure 12-4.  Dissolved oxygen on the 26.5 kg m-3 isopycnal at three stations on the Cape Scott Line extending from 
Southern Queen Charlotte Sound onto the continental slope: CS01, CS03, CS09 (seasonal cycle not removed).  The 
time series is much shorter than at P4 and LB08.  The trends for each curve are given on the plot.  The trends are 
statistically different from zero at 95% confidence. 

 

12.4.  Factors influencing trends  

At OSP the declining oxygen concentrations are attributed to declines in winter ventilation in the 
western North Pacific (e.g., Ono et al. 2001; Whitney et al. 2007).  The exposed isopycnal area 
(outcrop area) time series developed by Mecking and Drushka (2024) shows declining exposed 
area since 1982 (and probably earlier) with large variability on 20 year time scales.  The authors 
argued that there is approximately a 10 year lag between the oxygen concentration on the 26.6 
kg m-3 isopycnal at OSP and the exposed isopyncal area. The likely reason that that exposed 
isopycnal area is declining is that the surface waters of the Subarctic Pacific are getting fresher 
(Cummins and Ross 2020). Whitney (2025) developed a salt budget and showed that the 
freshening is largely due to the freshwater from melting Alaska glaciers (Zemp et al. 2019). 
Thus, the likely cause of declining oxygen in the subarctic North is the melting glaciers in 
Alaska.  
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In the California Undercurrent (P4), Stramma et al. (2020) attribute the increasing oxygen 
concentrations from the 1950s to the 1980s to the negative phase of the PDO, and the declines 
from the 1980s to the 2000s to the generally positive PDO.  The fact that the oxygen 
concentrations on the 26.5 kg m-3 isopyncnal have been variable but not declining in recent 
years may be related to the generally negative PDO.   

On the shelf, the declining oxygen trends since the 1970s have been attributed to declining 
oxygen over the upper continental slope (Crawford and Peña 2013; Johannessen et al. 2014; 
Jackson et al. 2021; Hannah et al. 2024).  A causal link between the oxygen time series at OSP 
and P4 (on the upper slope) has not yet been established.  The California Undercurrent 
prevents direct communication between OSP and the B.C. coast.  

We note that in most of the cases reported here, the authors make the point that the reduction 
of oxygen solubility due to increasing temperature plays only a minor role in the declines in 
oxygen concentration.  

12.5.  Implications of these trends 

We should expect oxygen concentrations in the subsurface waters of coastal B.C. to continue to 
decline.  The decadal variability in the north Pacific Ocean means that the declines may stop or 
reverse for a decade or so.   

Declining background oxygen levels means that extreme low oxygen events (hypoxia; oxygen 
concentration less than 1.4 mL L-1 or 60 µmol/kg) will become more common in B.C. waters, 
even in places where they currently don’t occur.  For example, a sustained hypoxia event has 

occurred for 3 consecutive summers in southern Queen Charlotte Sound (Figure 12-4), an area 
where hypoxia was not observed prior to 2011 (Crawford and Peña 2013).  In 2021 a 
widespread hypoxia event on the southern Vancouver Island shelf (Franco et al. 2023) was 
closely linked to a hypoxia event on the Washington and Oregon shelves (Barth et al. 2024).   

There may be local exceptions to the declining oxygen concentrations at depth.  For example, 
Johannessen et al. (2014) estimated that the intense tidal mixing in Haro Strait will keep the 
mean deep oxygen concentrations in the Strait of Georgia above 2 mL/L (90 µmol/L), but that 
”the combination of short term variability with the declining trend in oxygen concentration could 
lead to recurrent periods of basin water hypoxia as early as 2042” (Johannessen et al. 2014). In 
Juan Perez Sound, storms mix oxygen to the bottom every winter and reoxygenate the deep 
basin (Jackson et al. 2025). However, since water from Hecate Strait cascades into Juan Perez 
Sound and lowers the oxygen levels, one should expect deep oxygen values in Juan Perez 
Sound to reflect the deep shelf values in the spring, summer and fall.   

We should be aware of shifting baselines with respect to oxygen concentrations.  As noted by 
Johannessen et al. (2014) “Tully and Dodimead (1956) reported that dissolved oxygen was 
never lower than 140 µmol L-1 (3 mL L-1) anywhere in the Strait of Georgia or approaches in 
1930–1932 and the concentration in the deep Strait of Georgia was frequently as low as 100 
µmol L-1, and Juan de Fuca Strait regularly saw deep-water oxygen concentrations of 45–67 
µmol L-1. Thus it is possible that the high oxygen values seen in B.C. waters in the 1970s and 
1980s were actually lower than they were 100 years ago.”  
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13.  CLIMATE VARIABILITY ON THE B.C. SHELF: INSIGHTS FROM A 3 
KM OCEAN MODEL 

Amber M. Holdsworth1 and James R. Christian1,2  
 
1Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., 
Amber.Holdsworth@dfo-mpo.gc.ca   
2Canadian Centre for Climate Modelling and Analysis, Victoria, B.C., James.Christian@dfo-
mpo.gc.ca  

13.1.  Highlights  

• A long (1996-2024) hindcast simulation with the NEP36 regional ocean model puts 
recent observations into historical context; the results suggest that recent observations 
of hypoxia on the continental shelf are not necessarily anomalous. 

• Compound extremes of high temperature, low oxygen, and low pH have been increasing 
over the last decade and this can plausibly be attributed to long-term trends in 
temperature, oxygen concentration and dissolved inorganic carbon. 

13.2.  Description of the time series 

Model 

The North-Eastern Pacific Ocean Ecosystem model (NEP36-CanOE) has a spatial resolution of 
about 2 km and 75 vertical levels (Holdsworth et al. 2021). A long hindcast simulation was run 
from 1996-2020 using atmospheric and open ocean boundary forcing (reanalysis) that 
accurately reproduces the year-to-year variability (Holdsworth et al. 2025). For this analysis, the 
model was extended to 2024. The model was evaluated against ship-sampled data on the 
continental shelf and exhibits high correlation and high skill (Holdsworth et al. 2025). Below, the 
model is directly compared to the time series at the station CS9 (-128.4667°W, 51.2°N) and the 
Scott2 mooring (-129.4762°W, 51.1281°N). 

Model Evaluation 

If we compare observations at CS9 to the nearest location in the model, there are a few 
discrepancies (Figure 13-1). However, small scale variability such as eddies being generated in 
different locations and times can result in a mismatch in time and location between the model 
and observations.  To explore whether the model captures the low oxygen signal in the vicinity 
of CS9, we calculated the probability of finding hypoxic water (O2<60 mmol m-3) under a given 
sampling effort within a 10 km radius of the station from July to September (Figure 13-2). The 
probability is calculated as  

P = (1-(1-Phypoxia)n)   

where n is the number of sampling trips per year and Phypoxia is the fraction of model grid cells 
with O2<60 mmol m-3 within the radius and timeframe. Even though the model doesn't exhibit 
low O2 at the exact location and time as the observations (e.g., 2023) (Figure 13-1), there is a 
non-zero probability of hypoxia occurring within a 10 km radius from July to September in those 
years. Therefore, the model may be capturing the processes that lead to hypoxia at CS9 even if 
it is not present at the precise location and time of sampling.  

mailto:Amber.Holdsworth@dfo-mpo.gc.ca
mailto:James.Christian@dfo-mpo.gc.ca
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Comparing the Scott2 mooring with the nearest grid cell in the model shows that the model can 
reproduce the low oxygen signal in some years including 2024 (Figure 13-3). 

 

 

Figure 13-1. Observations from station CS9 (175m depth) compared to the nearest location in the NEP36-CanOE. 

 

Figure 13-2. The probability of detecting hypoxia when sampling NEP36-CanOE at station CS9. The samples are 
bottom values taken at a random location within 10 km of the nominal location of CS9 in July, August or September. 
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Figure 13-2. Observations from the Scott2 mooring at 280m depth compared to NEP36-CanOE at the nearest 
location.  

Unsupervised Clustering 

Holdsworth et al. (2025) used an unsupervised clustering method to define 'clusters' of benthic 
habitat with similar characteristics for three important ocean stressors, and examined extremes 
in the recent past for the benthic region of the continental shelf using the same model (Figure 
S6 in Holdsworth et al. 2025). Extreme thresholds were defined as the 95th or 5th percentile 
(depending on the variable) of the distribution of points over 1996-2024, for each cluster. The 
variability and trends in the fraction of waters that are extreme (in the recent past) for each 
cluster were analyzed. Compound extremes occur when more than one variable exceeds the 
threshold at the same time in the same grid cell. 
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Figure 13-3. Time series of the fraction of waters that experience extremes in all three stressors (temperature, 
dissolved oxygen and aragonite saturation state) for all of the clusters in Fig. S6 of Holdsworth et al. (2025). 

13.3.  Status and trends 

Twenty-eight years of model simulation suggests that recent low oxygen signals observed on 
the shelf are not necessarily anomalous. Although the observations seem to indicate that 
hypoxia is a new phenomenon at CS9 (Figure 13-1), the model simulation suggests that 
hypoxia has occurred intermittently on the shelf over the last few decades (Figure 13-2). From 
1996 to 2024 station CS9 was ship-sampled between 1 and 4 times per year. If we assume the 
model represents the truth, the likelihood of detecting hypoxia at that station when hypoxia is 
present is <20% (Figure 13-2), so it would not be surprising if it were missed in some years. 

At Scott2, the model allows us to extend the time series back to 1996 which shows hypoxic 
events occurred in 1999-2002, 2008 and 2011-2013. This historical extension demonstrates that 
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hypoxia observed at Scott2 in 2024 could be part of a repeating pattern related to climate 
variability.  

Statistical analysis of compound extremes (high temperature, hypoxia, and low pH) in the model 
indicate that they are increasing for some regions (Figure 13-4). These regions are near the 
surface and respond directly to changes in the overlying atmosphere. 

13.4.  Factors influencing trends  

Potential drivers of hypoxia at CS9 are a combination of upwelling and the remineralization of 
sinking organic matter on the shallow banks nearby (Fennel et al. 2019). These mechanisms 
need to be investigated further. 

Since Scott2 sits over the southernmost canyon of Queen Charlotte Sound, it experiences 
seasonal upwelling that can bring oxygen-poor waters onto the shelf in summer and replenish 
oxygen in winter. Variability in the length and strength of upwelling and winter mixing modulates 
seasonal variability of oxygen in this region.   

We found that compound extremes are increasing for some regions of the shelf that are shallow 
enough to feel the immediate influence of the surface atmospheric forcing. More frequent and 
intense compound extremes in the recent past were also noted in a regional model of the Gulf 
of Alaska by Hauri et al. (2024). 

When we detrended the baseline before calculating the compound extremes, we found that the 
apparent increase was no longer present, indicating that the trend in extremes is due to the 
long-term trends in O2, T and ΩA.  

13.5.  Implications of those trends   

Models help to place observations in their proper historical and spatial context, and the 
implications of limited sampling coverage should be considered (e.g., Holloway and Sou 2002). 
While the low O2 concentrations recently observed may not be particularly anomalous, our 
results should not be read as an argument for stationarity. 

Our finding that compound extremes are increasing for some regions and that it is due to the 
long-term trends is concerning because these are influenced by increasing atmospheric CO2 
(Franco et al. 2021) and global temperature. Regional models project ocean warming across the 
shelf of between 1.6 and 2.5°C with projected increases in primary productivity of up to 25% 
(Peña and Fine 2023). Corrosive (low Ω) and hypoxic water is projected to encroach on the 
continental shelf (Holdsworth et al. 2021) which can lead to an increase in the frequency and 
intensity of extreme conditions and further increases in compound extremes that could impact 
ecosystem health. 
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14.  WATER CURRENTS AND TEMPERATURE OFF THE B.C. COAST 
Guoqi Han and Nancy Chen, Fisheries and Oceans Canada, Institute of Ocean Sciences, 
Sidney, B.C. Guoqi.Han@dfo-mpo.gc.ca, Nancy.Chen@dfo-mpo.gc.ca  

14.1.  Highlights  
• Satellite altimetry measurements showed that in 2024 the equatorward shelf-edge 

surface current was stronger than normal in spring and weaker than normal in summer 
at the West Vancouver Island transect. The poleward shelf-edge current was stronger 
than normal in winter at the Queen Charlotte transect.  

• A validated ocean circulation model showed that in 2024 the Vancouver Island Coastal 
Current was stronger than normal in winter and fall and weaker than normal in spring 
and summer. The upper shelf-edge current was stronger than normal in winter and 
spring. The California Undercurrent was weaker than normal in winter-to-summer and 
stronger than normal in fall. 

• During 1993-2024, modeled sea surface and bottom temperatures off the B.C. coast 
increased, except the bottom temperature over the slope.  

14.2.  Description of the time series  
14.2.1.  Altimetric shelf-edge surface currents  

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 
2023, following the method in 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. The 
mean currents averaged over 1993-2020 (the reference period) were removed to produce 
altimetric current anomalies.  

Next, near-surface (averaged within the top 30 m) currents normal to the transects were derived 
based on the model output from a 1/36o Northeast Pacific Ocean Model (NEPOM; Han 2025). 
The model currents averaged over 1993-2020 were added to altimetric current anomalies to 
produce the total seasonal mean currents. The model sea level, temperature, salinity, and 
current were evaluated against observations at two long-term monitoring sites off West 
Vancouver Island, demonstrating good skills at those locations.   

Further, the seasonal current climatology was calculated by averaging the total seasonal mean 
currents over 1993-2020 for each season. The seasonal current anomalies were produced by 
subtracting the seasonal climatology from the total seasonal mean currents. Finally, the 
standardized current index was calculated by dividing the seasonal current anomalies by their 
standard deviation over 1993-2020.  
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14.2.2.  Model volume transport of major currents  

A transect off West Vancouver Island (T2E and T2W; Figure 14-1) was selected to calculate the 
volume transport associated with the Vancouver Island Coastal Current (VICC, T2E), the Upper-
layer Shelf-edge Current (USC, T2W_Up), and the California Undercurrent (CU, T2W_Low). 
The model transport values were averaged seasonally. Further, the seasonal transport 
climatology was calculated by averaging the total seasonal transports over 1993-2020 for each 
season. The seasonal transport anomalies were produced by subtracting the seasonal 
climatology from the total seasonal transports. Finally, the standardized transport index was 
calculated by dividing the seasonal transport anomalies by their standard deviation over 1993-
2020. 

14.2.3.  Sea surface temperature and bottom temperature 

The coastal and shelf waters off West Vancouver Island and off the northern B.C. coasts were 
divided into eight areas (Figure 14-1). The model sea surface temperature (SST) and bottom 
temperature (BT) were averaged both seasonally and over-area. Further, the seasonal 
temperature climatology was calculated by averaging the total seasonal currents over 1993-
2020 for each season. The seasonal temperature anomalies were produced by subtracting the 
seasonal climatology from the total seasonal temperature. Finally, the standardized temperature 
index for SST and BT was calculated by dividing the seasonal current anomalies by their 
standard deviation over 1993-2020. 

 

 

Figure 14-1. The study area showing the location of two altimetry transects (blue) and bathymetry (200- (black), 
1000- (blue), 2000- (green) and 3000-m (yellow) isobaths (upper panel). HG: Haida Gwaii. QCS: Queen Charlotte 
Sound. VI: Vancouver Islan (left panel).  The location of a transect off West Vancouver Island for the model transport 
(T2E and T2W) and the eight areas for the model sea surface temperature and bottom temperature (right panel). 
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14.3.  Status and trends 

At the WCVI transect the climatological seasonal surface current was poleward in winter/fall and 
equatorward in spring/summer, with the long-term mean surface current close to zero (Han 
2024). There was little apparent long-term trend in the altimetric surface current over 1992-2024 
(Figure 14-2). In 2024, the surface current was stronger than normal in spring and weaker than 
normal in summer, about one and half standard deviations different from the seasonal 
climatology.  

At the QCS transect, the climatological seasonal surface current was poleward in winter and fall, 
but weakly equatorward in summer (Han 2024). In winter 2024, the surface current was over 
one standard deviation stronger than normal (Figure 14-3). 

There was little apparent trend in the model transport over 1993-2024 (Figure 14-4). In 2024, 
the model results show that the VICC was stronger than normal in winter and fall and weaker 
than normal in spring and summer. The USC was stronger than normal in winter and spring. 
The CU was weaker than normal in winter-to-summer and stronger than normal in fall. 

The SST shows rising trends over both the shelf and slope over 1993-2024, while the BT shows 
a rising trend over the shelf only (Figures 14-5 and 14-6). In 2024, the SST transitioned from 
above normal to near/below normal over the shelf and slope. The BT transitioned from above 
normal to near/below normal over the shelf, but below normal over the slope. 

14.4.  Factors influencing trends  

El Niño and La Niña could affect ocean temperature and currents off the B.C. coast (Hourston 
and Thompson 2020). They could also be influenced by other large-scale climate factors such 
as the Pacific Decadal Oscillation, possibly via its impacts on large-scale and regional wind 
patterns. In 2024 there was a transition from a strong El Niño in winter to a weak La Niña in fall. 
The Pacific Decadal Oscillation remained in a cool phase.  

The SST variations over the continental shelf and slope off the B.C. coast appeared to be 
related to El Niño and La Niña.  The BT appeared to be related to El Niño and La Niña over the 
shelf and to the Pacific Decadal Oscillation over the continental slope.  

 

Figure 14-2. The standardized current index at the WCVI transect, calculated by dividing the seasonal current 
anomaly by its standard deviation over 1993-2020.  
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Figure 14-3. The seasonal current anomaly index at the QCS transect, calculated by dividing the seasonal current 
anomaly by its standard deviation over 1993-2020.   

 

Figure 14-4. The model-based seasonal transport anomaly index calculated by dividing the seasonal transport anomalies 
by their standard deviation over 1993-2020.   

 

  

Figure 14-5. The seasonal sea surface temperature anomaly index calculated by dividing the seasonal transport 
anomalies by their standard deviation over 1993-2020.   
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Figure 14-6. The model-based seasonal bottom temperature anomaly index calculated by dividing the seasonal transport 
anomalies by their standard deviation over 1993-2020.   

14.5.  Implications of those trends  

Ocean currents can affect water properties such as temperature, salinity, nutrients, and 
dissolved oxygen (Thomson and Krassovski 2010). Both ocean currents and temperature can 
impact transport and distribution of fish eggs and larvae and fish migration routes (e.g., 
Dufresne et al. 2025). 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.  2024 OCEAN CONDITIONS IN GWAII HAANAS & HAIDA GWAII 
CHAAN SK̲ʹADA GUD AHL HLG̲ANGGULAA ⋅ TANG.ɢ̲WAN ɢ̲AN GUD 

AD HLɢ̲ANG.GULX̲A WORKING TOGETHER OCEAN SCIENCE 
EXPEDITION 

Lynn Lee1, Charles Hannah2, Jennifer Jackson2, Andrea Hilborn2, Skil Jáada Vanessa Zahner3, 
Aidan Schubert3, Amanda Timmerman5, Alex Hare4, Kil Hltaanuwaay Tayler Brown3, Julien 
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15.1.  Highlights  
• The lowest near-bottom oxygen concentration in the mooring time series since summer 

2017 occurred in Oct 2023, down to 2 mL/L, getting close to hypoxia. 

• The winter of 2023/2024 was warmer than normal and the warmest winter bottom 
temperatures recorded occurred in winter 2023/24.  

• Surface phytoplankton biomass, measured by satellite as chlorophyll-a, showed an 
unusually early bloom in Gwaii Haanas East (GHE) in late March, while Gwaii Haanas 
West (GHW) had higher values than usual in late August to early October. Like previous 
years, GHE had consistently higher chlorophyll-a compared to Gwaii Haanas South 
(GHS) and GHW.  

15.2.  Description of the time series 

The oxygen dynamics in G̲andaawuu.ngaay Xyangs Juan Perez Sound is fundamentally 
different from most B.C. mainland inlets and fjords. Due to winter storm mixing, the near-bottom 
oxygen maximum is in the winter and the inflow of water from Hecate Strait lowers the oxygen 
concentrations in the deep waters of G̲andaawuu.ngaay Xyangs (Jackson et al. 2025). The 
Department of Fisheries and Oceans Canada (DFO) Institute of Ocean Sciences (IOS) in 
collaboration with the Gwaii Haanas National Park Reserve, National Marine Conservation Area 
Reserve, and Haida Heritage Site (hereafter referred to as Gwaii Haanas; 51.25°N to 53.5°N 
and 128.5°W to 132°W) has maintained a single subsurface oceanographic mooring in 
G̲andaawuu.ngaay Xyangs Juan Perez Sound from 2017-present. From 2017-2019, the 
mooring was located at Juan1 in 365 m of water and from 2019-2024, the mooring was located 
at Juan2 in 220 m of water (Figure 15-1). The moorings have been typically equipped with 3 or 
4 Seabird CTD sensors which measure temperature, salinity, and pressure. Most years, the two 
deepest CTD instruments also collected dissolved oxygen (DO) data.  
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CTD and oxygen profiles are collected at 7 stations in G̲andaawuu.ngaay Xyangs on the annual 
mooring cruise. CTD and water property data have also been collected around Haida Gwaii in 
collaboration with both Gwaii Haanas (GH) and Council of the Haida Nation (CHN) on other 
cruises, including four Chaan sk̲ʹada gud ahl hlG̲anggulaa ⋅ Tang.ɢ̲wan ɢ̲an gud ad 
hlɢ̲ang.gulx̲a Working Together Ocean Science Expeditions (June/July 2019, September 2022, 
September 2023, June/July 2024).  

Figure 15-1. Location map showing the GH boundary (yellow line) and regularly sampled stations in 
G̲andaawuu.ngaay Xyangs (red points). The moorings (green triangles) are located at either JUAN1 (2017-2019 & 
2023-2024) or JUAN2 (2019-2023), shown in the inset map. 

Satellite-measured chlorophyll-a (Chl-a), a proxy for phytoplankton biomass in the upper optical 
depth of the ocean, was retrieved from the European Space Agency (ESA) Ocean Colour 
Climate Change Initiative (OC-CCI; https://www.oceancolour.org/) at 1-km pixel resolution. An 
adjusted fit was applied to improve the relationship to HPLC Chl-a samples collected for the 
Pacific region (Hilborn et al., Section 16). Daily and weekly time series and climatological 
statistics were retrieved for each area. Sea surface temperature (SST) was also examined, 
using the National Oceanic and Atmospheric Administration (NOAA) CoralTemp SST product 
(https://coralreefwatch.noaa.gov/index.php) from 1985 to present at 5-km pixel resolution, to 
produce maps and time series for three sub-regions of GH. GH was divided into east, south and 
west subregions (referred to as GHE, GHS and GHW, respectively; Figure 15-2). Further, the 
Optimum Interpolation SST product (https://doi.org/10.25921/RE9P-PT57), which spans 1981 to 
present at 25-km pixel resolution, was used to calculate Marine Heatwave (MHW) extent for the 

https://www.oceancolour.org/
https://coralreefwatch.noaa.gov/index.php
https://doi.org/10.25921/RE9P-PT57
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Northeast Pacific (NEP) (Hilborn et al., Section 16). 2024 MHW pixels were defined as those 
with SST values exceeding the upper 90th percentile of their 1991-2020 climatological values. 

15.3.  Status and Trends 

The satellite Chl-a (Figure 15-2d) emphasizes the consistently higher phytoplankton biomass 
present in GHE compared to GHW and GHS. 2024 saw a particularly early bloom in GHE, with 
surface phytoplankton biomass rapidly increasing in mid-March to values exceeding 3 mg m-3 
(Figure 15-2a). This increase was the southern portion of a large phytoplankton bloom 
extending along the entire eastern shore of Haida Gwaii into Hecate Strait. Satellite-measured 
Chl-a fluctuated throughout the year in this region, with numerous periods where Chl-a 
exceeded the 1998-2020 climatological averages. As seen in the GHE climatology, the fall 
phytoplankton bloom was typically slightly stronger compared to the spring bloom. However, in 
2024, the mid-March bloom observed had the highest mean Chl-a, with the fall peak of slightly 
lower magnitude, and arriving on time. In GHS, where Chl-a typically remains lower throughout 
spring and summer, an atypical increase to 2 mg m-3 was observed in June (Figure 15-2b). GHS 
and GHW observed Chl-a increase at the beginning of August, remaining at higher than usual 
surface concentrations until mid-October. Moderately high Chl-a concentration was also 
observed in the satellite imagery encompassing a large portion of Hecate Strait, sweeping 
westward around the southern tip of Haida Gwaii (Figure 15-2c). 

The satellite SST for 2024 (Figure 15-2e) showed that during January through May 2024, the 
temperatures were warmer than normal (generally at about the 90th percentile relative to the 
period 1991 to 2020). Temperatures were cool in June, and then warmer than normal for the 
rest of the summer (July through September). The fall of 2024 had generally normal 
temperatures, with warmer than normal SST into January 2025. 

The marine heatwave time series for the northern shelf bioregion (NSB; Figure 15-3) shows that 
in 2024 the entire NSB was very warm for most of January through May and then cooled off. 
There were some heatwave outbreaks in the summer and almost none in the fall. This is 
consistent with the SST time series around Haida Gwaii. Warm SST anomalies and MHWs in 
winter 2023/spring 2024 occurred during El Niño conditions in 2023-2024, which transitioned to 
neutral in May 2024. Regardless, warm anomalies and MHWs persisted from July to September 
2024. 

The mooring data showed that the water column in G̲andaawuu.ngaay Xyangs becomes 
approximately well-mixed with nearly constant temperature, salinity and density in the winter 
months and deep-water oxygen values greater than 5 mL/L (Figure 15-4). Warmer winter SST 
then led to the water column in the winter 2023/24 being much warmer for a longer time than 
previous years in the record. The 2024 winter temperature anomaly was about 1°C. The winter 
mixing also led to the oxygen maximum occurring in the winter with deep-water oxygen values 
greater than 5 mL/L (Figure 15-4). The oxygen then declined over the rest of the year due to 
biological consumption and inflows of low oxygen water from Hecate Strait (Jackson et al. 
2025). A large inflow event due to water intrusion from Hecate Strait occurred in late May 2024 
where a sudden drop in temperature and oxygen, and an increase in salinity were recorded 
(Figure 15-4). Prior to this monitoring starting in 2017, very little data existed for oceanographic 
conditions in G̲andaawuu.ngaay Xyangs, therefore many more years of data will be required to 
understand or detect any long-term trends in the subsurface waters. 
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Figure 15-2. 8-day Chl-a composites showing the Gwaii Haanas East (GHE), South (GHS) and West (GHW) region 
boundaries (a., b., and c.). The images correspond to three periods with increasing Chl-a observed in 2024 (indicated 
on d. with orange shading). Chl-a (d.) and SST (e.) time series for GHE, GHW and GHS are below. The climatology 
is shown (green) with its standard deviation (green shading), and 10th and 90th percentiles (dashed green lines). For 
Chl-a, the climatology period is 1998-2020, while for SST it is 1991-2020. The daily mean Chl-a (black points) is 
shown with daily standard deviation (grey bars), with a 7-day running mean overlaid (black line). For SST, the 2024 
daily regional means are indicated (black line). 
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Figure 15-3.  Percentage of the Northern Shelf Bioregion (NSB) in Marine Heat Wave (MHW) conditions in 2024 (blue 
line) and 2023 (grey shading). Regularly updating versions of this figure can be found at: https://github.com/IOS-
OSD-DPG/Pacific_SST_Monitoring 

 

Figure 15-4. Mooring times series of oxygen, salinity, temperature, and density at the Juan1 and Juan2 mooring. The 
two green lines are the shallow instruments (10 m and 40 m depth) and the black and purple lines are the deep 
instruments (> 145 m depths).  
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15.4.  Factors influencing trends  

The winter of 2023/24 was an El Niño winter which is the likely cause of the warm winter 
temperatures. We have not analyzed the mooring data to determine how long deep winter 
temperature anomalies typically persist, so we cannot answer the question, ‘does a warm winter 
regularly lead to a warm summer at depth in G̲andaawuu.ngaay Xyangs?’ Further, ‘could this 

warmth have contributed to the early phytoplankton bloom observed in GHE and along Haida 
Gwaii’s east coast?’ 

Jackson et al. (2025) showed that the winter storms are responsible for mixing the water column 
and providing the mechanism generating high oxygen concentrations at depth. They also 
showed that while the two winters with the lowest wind energy (2017-2018 and 2019-2020) had 
the lowest DO, the winter with the highest DO (2018-2019) did not have the strongest winds, 
thus other factors like intrusion of low oxygen bottom water from Hecate Strait, also play a role 
in deep-water oxygen levels.  

15.5.  Implications of these trends 

If water storm dynamics continue to turn over the water from surface to deep-water as expected, 
the satellite SST provides a reasonable proxy for deep-water temperatures in 
G̲andaawuu.ngaay Xyangs in winter since the water column in G̲andaawuu.ngaay Xyangs 
becomes well-mixed during this period. This could be useful if winter subsurface temperatures 
are an important ecological metric.  

The dissolved oxygen dynamics are different in G̲andaawuu.ngaay Xyangs than most other 
B.C. mainland inlets and fjords. The latter generally have a strong freshwater layer in the winter, 
which prevents wind-driven mixing from reaching deep into the water column. As a result, 
oxygen is generally supplied from the shelf through the process of deep-water renewal and 
deep-oxygen concentrations generally reach a maximum in the summer, with a minimum in the 
winter or spring. In G̲andaawuu.ngaay Xyangs, fall and winter storms mix oxygen to the bottom 
every winter (Jackson et al. 2025) and the maximum oxygen concentrations occur in the winter, 
with minimum values in the fall. The inflow of deep shelf water reduces deep oxygen 
concentrations at intervals throughout the year.  

This winter mixing provides some protection against the overall declining subsurface oxygen 
being observed on the B.C. continental shelf (Hannah, Section 12) and may mean that 
G̲andaawuu.ngaay Xyangs is an important nearshore marine refugia as ocean conditions 
change. However, since deep shelf water cascades into G̲andaawuu.ngaay Xyangs and lowers 
deep oxygen concentrations, declining oxygen levels on the B.C. continental shelf are likely to 
impact deep oxygen in G̲andaawuu.ngaay Xyangs in the spring, summer and fall.  

Further work is needed to examine the mechanisms of the early phytoplankton bloom observed 
in GHE and higher than usual regional Chl-a observed in the late summer and early fall, and 
whether this is an emerging trend. In other areas of the B.C. coast, there is evidence that early 
phytoplankton blooms may be more detrimental to the ecosystem than late phytoplankton 
blooms (Suchy et al. 2022).  
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15.6.  CHN-PCA-DFO Collaborative Science Expeditions 

In June/July 2024, the Council of the Haida Nation (CHN), Parks Canada Agency (PCA) and 
Fisheries and Oceans Canada (DFO) conducted the collaborative Chaan sk̲ʹada gud ahl 

hlG̲anggulaa ⋅ Tang.ɢ̲wan ɢ̲an gud ad hlɢ̲ang.gulx̲a Working Together Ocean Science 
Expeditions on board the CCGS John P. Tully. The expedition carried out sampling from 
Laskeek Bay through Darwin Sound and G̲andaawuu.ngaay Xyangs to the southern proposed 
offshore Marine Protected Area (MPA), up the west side and out towards the Oshawa 
Seamount, then towards shore to sample in the proposed offshore MPA off Rennell Sound, 
ending with CHN and GH crew drop-off in Dawson Harbour (Figure 15-5). A variety of 
oceanographic sampling was conducted in two proposed Haida Gwaii offshore MPAs where 
very little previous data have been collected and in the waters of GH. Sampling included CTD 
casts and water collections for ocean chemistry and plankton analyses, ocean glider and ocean 
drifter deployments, zooplankton net tows, and surface microplastics tows. This trip was the 
fourth such collaborative expedition around Haida Gwaii waters, following the first onboard the 
RV David Thompson in June/July 2019, the second onboard the CCGS Sir John Franklin in 
September 2022, and a third in September 2023 aboard the CCGS John P. Tully. Cruise reports 
are expected to be completed following data compilation. Unfortunately, CCGS ship time was 
not available for this expedition for the 2025 field season, and we hope that there will be more 
opportunities for such important collaborative work in future years. 
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Figure 15-5. Overview map (top) showing cruise travel route, locations of different types of oceanographic sampling 
in relation to boundaries of different marine protected area designations and proposed protected area designations 
around Haida Gwaii, including location of the Oshawa Seamount, and 2024 science crew on board the CCGS John. 
P Tully (bottom photo courtesy of Fisheries and Oceans Canada). 
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16.  SATELLITE OBSERVATIONS OF SURFACE CHLOROPHYLL-A, 
TEMPERATURE AND MARINE HEATWAVES IN 2024 

Andrea Hilborn1, Stephanie Clay2, Lu Guan1 and Charles Hannah1 

1 Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., 
andrea.hilborn@dfo-mpo.gc.ca, lu.guan@dfo-mpo.gc.ca and charles.hannah@dfo-mpo.gc.ca   
2 Fisheries and Oceans Canada, Bedford Institute of Oceanography, Dartmouth, N.S., 
stephanie.clay@dfo-mpo.gc.ca 

16.1.  Highlights  
• Satellite sea surface temperature (SST) showed warm anomalies present for much of 

2024 (i.e., January to May, July to September, and December), with fluctuating surface 
marine heatwaves throughout the Northeast Pacific and B.C. Exclusive Economic Zone 
corresponding to El Niño and ENSO-neutral conditions. 

• Waters surrounding Vancouver Island had strong cool SST anomalies present in June, 
July and October. 

• Satellite chlorophyll-a showed early phytoplankton blooms in numerous areas of B.C. 
coastal and shelf waters. 

16.2.  Description of the time series  

Numerous sources of moderate-resolution satellite data were used to monitor sea-surface 
temperature (SST) and chlorophyll-a concentration (Chl-a), a proxy for phytoplankton biomass, 
in B.C. coastal waters. Chl-a was acquired by downloading remote-sensing reflectance (Rrs) 
data from the European Space Agency (ESA) Ocean Colour Climate Change Initiative (OC-CCI; 
https://www.oceancolour.org/) at 1 km pixel resolution. An updated version of the POLY4 Chl-a 
algorithm as described in Clay et al. (2019) was applied to retrieve Chl-a with higher accuracy 
for B.C. coastal waters (see: https://github.com/bio-rsg/oceancolouR for code and coefficients). 
Images from November 1st to February 11th each year were excluded, due to the low sun angle 
throughout the study area (< 20 degrees above the horizon) causing higher inaccuracy in the 
satellite measurements. SST time series for regions of interest along the B.C. coast were 
extracted from the NOAA CoralTemp SST product (https://coralreefwatch.noaa.gov/index.php) 
for 1985 to present at 5 km pixel resolution. Marine Heatwave (MHW) information for the NEP 
was also calculated using the Optimum Interpolation SST (OISST) dataset, which spans 1981 to 
present at 25 km spatial resolution (https://doi.org/10.25921/RE9P-PT57).  
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Figure 16-1. Subregions indicated in black polygons on 8-day composite images of modified OC-CCI Chl-a.  a. High 
Chl-a concentration during March 21-28 was evident on the east coast of Haida Gwaii, central B.C. coast, west coast 
of Vancouver Island, and in the Salish Sea. b. During September 5-12, much of B.C. continental shelf waters had 
elevated Chl-a, with the highest concentrations in northern Hecate Strait and around the northern and western coasts 
of Vancouver Island. c. Insets of each subregion showing the daily geometric mean Chl-a from 2024 (points) and 
geometric SD (grey bars), with a rolling centered mean (black). Dark grey indicates no data from the week. The green 
line and shading indicate the 1998-2020 climatology and geometric SD. The periods corresponding to the images 
above are shaded in light orange. 

Temporal statistics were extracted for the British Columbia Exclusive Economic Zone (B.C. 
EEZ) and sub-regions of interest (Figure 16-1). These include Oceans Act marine protected 
areas (MPAs): Hecate Strait/Queen Charlotte Sound Glass Sponge Reefs (north, central and 
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southern sections: SRN, SRC and SRS), SGaan Kinghlas-Bowie Seamount (SK-B), and 
Tang.ɢwan – ḥačxwiqak – Tsig̱is (TḥT). Other areas included Scott Islands marine National 
Wildlife Area (SI), the Gwaii Haanas Offshore area (GHO), as well as Gwaii Haanas National 
Park Reserve, National Marine Conservation Area Reserve and Haida Heritage Site (Lee et al., 
Section 15) divided into three subregions (GHE, GHW, GHS). For all areas, time series, 
climatologies, and anomalies were extracted. For SST, the mean and standard deviation (SD) 
were calculated, using the 1991-2020 climate normals period for the climatology. For Chl-a, as it 
has a log-normal distribution in the ocean, the geometric mean and geometric SD were used 
during calculations, and the shorter period 1998-2020 was used for the climatology. MHWs 
were defined as events during which SSTs exceeded the 90th percentile of the 30-year 
climatology (or 1.29 SDs; Hobday et al. 2016). The CoralTemp SST, with higher spatial 
resolution than the OISST dataset, was further used to calculate temporal trends of the SST 
anomaly in the B.C. EEZ regions from 1985 to 2024.  

 
Figure 16-2. CoralTemp SST mean and SD values (black with grey shading) for the regions of interest, shown over 
top of the 1991-2020 climatological mean and SD (green with green shading).  

16.3.  Status and trends 

Chl-a in regions offshore of the continental shelf remains low year-round (i.e., SK-B and ThT), 
compared to coastal and continental shelf waters. Numerous regions demonstrated early 
phytoplankton blooms in 2024 (Figure 16-1a, c), with Chl-a concentrations rapidly increasing in 
mid-March. While SK-B had a small Chl-a increase during this time, early phytoplankton 
biomass growth was most pronounced in the SRC and GHE regions, as well as SRS slightly 
later. SI and SRN, located nearby, saw more significant Chl-a increases later in mid- and late- 
April (Figure 16-1a). GHW, GHS, TḥT and GHO did not have pronounced Chl-a increases in 
spring of 2024, but these regions do typically have low mean surface Chl-a throughout the year 



90 
 

(< 2 mg/m3). While satellite Chl-a fluctuated throughout the year, most regions observed 
generally low (< 1 mg/m3) Chl-a during July, before increasing in late-July or August. GHO and 
GHW observed anomalously high surface Chl-a during August and September (Figure16-1b, c). 
SI and SRN had the most variable concentrations of surface Chl-a throughout the year, with a 
large range of values observed within their regional boundaries (Figure 16-1c).  

Daily mean SST was generally warmer than usual in winter of 2024 (Figure 16-2). Most regions 
were cooler than average for a brief period in late May into June, before switching to 
anomalously warm SSTs until October. SK-B observed SSTs closest to its 1991-2020 
climatology, with warm anomalies only observed during mid-March to late May, and during 
August and September. TḥT, another large region located offshore, also observed near-average 
or cool temperatures during autumn. However, TḥT was generally warmer during winter, spring 
and summer, with larger warm anomalies observed from July to September compared to SK-B. 
The strongest cool anomalies during summer were observed in SRN and SRC, with SRN 
switching from anomalously warm conditions in July to anomalously cool conditions in August, 
before warming again in September. Most regions ended 2024 either aligned with their 
climatological SST, or slightly warmer than usual. A few cold events, with cool SST anomalies 
(2.5°C below average) along the west coast of Vancouver Island and extending south along the 
coast, occurred in coastal B.C. waters from late-May to July, and late-September to October 
(Figure 16-3). 
 
Table 16-1. SST anomaly trends calculated over the period 1985-2024 (40 years) from the CoralTemp dataset from 
the regions shown above. 

Region Trend with 95% confidence intervals  
(°C / century) 

GHE 1.02 ± 0.11 
GHO 1.18 ± 0.11 
GHS 0.87 ± 0.11 
GHW 0.91 ± 0.10 

SI 1.41 ± 0.11 
SK-B 1.20 ± 0.12 
SRC 1.60 ± 0.11 
SRN 1.29 ± 0.10 
SRS 1.49 ± 0.11 
TḥT 1.22 ± 0.11 

 

The SST anomaly trends (Table 16-1) were comparable to long-term temperature anomaly 
trends calculated at lightstations along the B.C. coast. SRC and SRS observed the greatest 
trends of the regions examined, at +1.60°C/century and +1.49°C/century respectively, while the 
Gwaii Haanas area had the lowest trends. The three Gwaii Haanas regions were similar, with 
trends of +1.02, +0.91 and +0.87°C/century at GHE, GHW and GHS, respectively. The coast-
wide SST anomaly trend calculated by Cummins and Masson (2014) was 0.89 ± 
0.62°C/century, which was recently updated to 0.9°C/century (Jackson, Section 8). The values 
shown here fell within the confidence intervals calculated in Cummins and Masson (2014), 
except for the SRC anomaly trend, which was slightly higher than their upper bound. 

MHW conditions were persistent in the B.C. EEZ in 2024 through winter until mid-May, 
corresponding to El Niño conditions in the larger Pacific Ocean (Figure 16-3a, c). During this 
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time, the proportion of the B.C. EEZ in MHW status fluctuated between 0 and 50% coverage of 
the surface waters. MHW conditions returned in July, by which time ENSO had transitioned to 
neutral. B.C. EEZ SSTs were in MHW status more often in 2024 compared to 2023, particularly 
during winter and spring, when 2023 conditions were cooler than usual. Similar to 2023, a large 
MHW area impinged on much of B.C.’s coastal surface waters during late July into mid-August 
in 2024, though covering a slightly smaller area. However, these conditions persisted for longer 
in 2024, increasing in area again in mid-September before diminishing. Autumn of 2024 saw 
fewer MHW events compared to 2023, and a much lower area in MHW status, particularly in the 
Northern and Southern Shelf Bioregions. By the end of 2024, waters in MHW conditions were 
located along the continental shelf and coastal waters, with approximately ⅓ of the B.C. EEZ in 

MHW status. 

 
Figure 16-3. a. OISST anomaly from the week of January 28th, with most of the NEP showing slightly above-normal 
surface temperatures. The thin black line indicates 1.29 SD (~90th percentile) and the thick black line indicates 2.33 
SD (~99th percentile). Continental shelf waters along the west coast of North America are largely in MHW status. 
Selected stations along Line P are indicated as points, with the B.C. EEZ shown as a dashed line. b. SST anomaly 
from the week of July 14th, with strong cold anomalies adjacent to the west coast of Vancouver Island and further 
south. MHW waters stretch diagonally across the NEP toward B.C.’s central coast. c. The percent coverage in MHW 
status over 2023 (grey shading), shown compared to 2024 for both the B.C. EEZ (red) and larger NEP (black). 
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16.4.  Factors influencing trends  

Numerous early increases in phytoplankton biomass were observed in the satellite Chl-a, 
though as seen in other State of the Pacific Ocean contributions, there was heterogeneity in the 
timing of phytoplankton blooms observed along the B.C. coast in 2024. Generally, blooms were 
observed to be on-time or slightly early, so further exploration of the very early bloom initiation 
observed with satellite Chl-a is warranted. 

SST anomaly trends showed some variations between regions, though all were increasing at a 
rate between 0.87 to 1.60°C/century. Large trend differences occurred over a small area, so 
further investigation to assess both the accuracy of the underlying dataset (CoralTemp gap-filled 
SST), and spatial differences in SST trends in B.C. waters is needed. SST increases are an 
important area of study for understanding the impacts of climate change on temperature-
sensitive marine life like kelp and seagrasses.  

The California Current Marine Heatwave Tracker 
(https://www.integratedecosystemassessment.noaa.gov/regions/california-current/california-
current-marine-heatwave-tracker-blobtracker) provides a more detailed description of MHWs in 
the context of the larger Pacific. A MHW formed in late April 2024 and continues to persist in the 
NEP, though in a different location than observed compared to most other years with MHWs in 
the winter and spring. Globally, similar to 2023, SSTs in 2024 were much higher than previously 
observed, even during La Niña months (see https://climatereanalyzer.org/clim/sst_daily). A 
recent study by Barkhordarian et al. (2022) showed that anomalously warm SSTs in the NEP 
are directly linked to anthropogenic greenhouse gas forcing.  

16.5.  Implications of those trends  

Anomalously warm SSTs can have negative ecosystem impacts. MHWs can contribute to 
Harmful Algae Bloom events or suppress nutrient transfer necessary for phytoplankton growth 
(Bond et al. 2015; Crozier 2015). SSTs in B.C. waters have been increasing in the long-term 
(Cummins and Masson 2014), and the frequency, duration and intensity of MHWs are 
increasing globally due to anthropogenic climate change (Laufkötter et al. 2020).  

Early phytoplankton blooms may have negative impacts on the ecosystem by reducing food 
available to higher trophic levels or altering timing of food availability (e.g., match/mismatch), 
with early blooms potentially more detrimental compared to late blooms (Suchy et al. 2022). 
However, encouragingly, zooplankton in Pacific waters was observed to be more abundant than 
usual for both northern and southern species (Sastri and Galbraith, Section 20). 

Given the transition to neutral ENSO conditions, and emergence of a weak La Niña, we 
expected that 2024 may be cooler than 2023, a record-breaking year. Globally, this was not the 
case, with 2024 having six months of record-topping mean SSTs, with the remaining months 
second-highest since 1981. Additionally, 11 of the months of 2024 had average air 
temperatures exceeding the 1.5°C threshold of the Paris Agreement (see: 
https://climate.copernicus.eu/global-climate-highlights-2024). Current estimates from weather 
and climate agencies are predicting 2025 to be the second- or third-warmest year on record. 
Locally, while 2024 saw more MHWs in Pacific waters compared to 2023, they had smaller 
spatial extent. With the expected return to ENSO-neutral conditions, in B.C. coastal waters we 
may expect to see SSTs in 2025 similar to 2024.  

https://www.integratedecosystemassessment.noaa.gov/regions/california-current/california-current-marine-heatwave-tracker-blobtracker
https://www.integratedecosystemassessment.noaa.gov/regions/california-current/california-current-marine-heatwave-tracker-blobtracker
https://climatereanalyzer.org/clim/sst_daily
https://climate.copernicus.eu/global-climate-highlights-2024
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17.  NUTRIENTS AND PHYTOPLANKTON IN THE NORTHEAST 
PACIFIC IN 2024 

Angelica Peña, Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., 
Angelica.Pena@dfo-mpo.gc.ca 

17.1.  Highlights  
• Nitrate and chlorophyll concentrations in surface waters of Line P during the winter, 

spring and summer cruises of 2024 were within the range of values from previous years. 

• Negative surface water nutrient anomalies were observed along Line P in 2024 but were 
less anomalous than during the Marine Heat Waves (MHWs) of 2014-2015 and 2019-
2020, which restricted winter nutrient renewal from vertical transport due to increased 
stratification. 

• The phytoplankton composition along Line P in the spring of 2024 was similar to that of 
previous years, except for a decrease in the abundance of diatoms. 

17.2.  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 derived from CHEMTAX analysis 
of phytoplankton pigments, chlorophyll-a (“Chl-a”, an indicator of phytoplankton biomass) and 

nutrients are normally measured on DFO cruises along Line P (Figure 17-1) 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 2024, sampling occurred in winter (23 Jan-9 Feb), 
spring (26 Apr-13 May) and summer (14-30 Sep). Phytoplankton pigment samples were 
collected in all three cruises but only the spring phytoplankton composition values are included 
in this report, as the rest of the samples are still being analyzed. 

 

 Figure 17-1. Location of sampling stations along Line P (P26 is Ocean Station Papa (OSP)). 

mailto:Angelica.Pena@dfo-mpo.gc.ca
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To supplement ship-based phytoplankton biomass observations along Line P, chlorophyll 
fluorescence from autonomous ocean gliders equipped with optical sensors and operated by C-
PROOF, the Canadian-Pacific Robotic Ocean Observing Facility (https://cproof.uvic.ca ), are 
presented. These high-resolution spatial and temporal measurements capture variability that is 
typically missed by ship-based sampling (Thomalla et al. 2017). Glider sampling of upper layer 
chlorophyll along Line P has been carried out sporadically since 2019 during both outbound and 
return trips. Sampling in 2024 occurred from January 1st to February 23 and from May 1st to 
December 30. 

17.3.  Status and trends 

Line P extends from the southwest corner of Vancouver Island to Ocean Station Papa (OSP; 
Figure 17-1) in the high-nutrient low-chlorophyll (HNLC) region of the ocean where surface 
nutrient concentrations are usually high (>5 mmol m-3) and Chl-a concentrations are low (<0.8 
mg m-3) year-round due to iron (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 (e.g., Peña et al. 2019). In 2024, 
surface nitrate and Chl-a concentrations (Figure 17-2) along Line P were similar to those of 
previous years (2010-2023). In contrast, silicate concentrations in 2024 were below the average 
from previous years at all stations in winter and at the offshore end of Line P in spring.  

Figure 17-2. Concentrations of nitrate (left panels, mmol m-3), silicate (center panels, mmol m-3), and chlorophyll-a 
(right panels, mg m-3) in surface waters along Line P from P4 to OSP in winter (top panels), spring (middle panels) 
and summer (bottom panels). All panels show the average (grey line) and standard deviation (shaded area) of 
concentrations in 2010-2023 as well as concentrations in 2024 (red line). 
 

https://cproof.uvic.ca/
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Long time series of nutrient concentrations in surface waters along Line P have shown marked 
interannual variability (Peña and Varela 2007; Di Lorenzo et al. 2009). Stronger negative 
anomalies (Figure 17-3) were observed during the Marine Heat Waves (MHWs) in 2014-2015 
and 2019-2020 which restricted winter nutrient renewal from vertical transport due to increased 
stratification. In 2024, negative surface water nitrate and silicate anomalies were observed 
along Line P, suggesting lower than normal winter mixing (Ross and Robert, Section 7), but 
these nutrients were less anomalous than during the MHWs, especially for nitrate.  

 

 
In the spring of 2024, the phytoplankton community composition was dominated by haptophytes 
and was in general similar to that observed in previous years, except for a decrease in the 

Figure 17-3. Hövemoller plot of surface mixed-layer nitrate and silicate concentration anomalies (µmol/L) along Line P 
from 1969 to 1981 and from 1988 to 2024. 

Figure 17-4. Biomass of mixed layer phytoplankton groups (in mg of chlorophyll per m-3) at stations along Line P from 
P5 to OSP (see Figure 17-1) during the spring of 2011-2023 and in 2024. 
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abundance of diatoms along Line P from P5 to OSP (Figure 17-4). It is unclear if the low 
abundance of diatoms was due to the timing of the spring cruise or a potential declining trend. 
Chlorophyll fluorescence concentrations measured by ocean gliders (Figure 17-5) show high-
resolution spatial variations along Line P not captured by cruise sampling. In 2024, the vertical 
distribution of phytoplankton was more homogeneous than in previous years, as for example in 
2019, when a subsurface chlorophyll maximum was observed in summer. 

  

17.4.  Factors influencing trends  

Several environmental factors including temperature, solar irradiance, and nutrient availability, 
as well as grazing pressure, determine phytoplankton abundance and community composition. 
During and after the MHWs of recent years, significant fluctuations in nutrient concentration, 
phytoplankton biomass, and diatom abundance were observed in the Northeast subarctic 
Pacific, likely in response to the increase in surface temperature and stratification, and changes 
in micronutrient (iron) availability (Peña 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. Since then, nutrient concentrations and phytoplankton biomass have largely 
returned to pre-MHW conditions, but long time series of nutrient concentrations show persistent 
negative anomalies, in particular silicate, at the offshore end of Line P consistent with the 
observed decrease in winter mixing. Moreover, a decrease in diatoms have been observed in 
recent years. The decrease could be due to changes in the timing of the spring cruises from 
early June to May, but could also be due to changes in environmental conditions such as 
nutrient availability. 

17.5.  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, 
timing, and distribution patterns of phytoplankton ultimately affect the sustainability of all marine 

Figure 17-5. Chlorophyll fluorescence in the upper 100 m measured by ocean gliders at stations along Line P (see 
Figure 17-1) in 2019 and 2024. 
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life. The observed changes at the base of the food web during and after the Marine Heat Waves 
could have ecosystem-wide implications.  
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18.  BIOGEOCHEMICAL OBSERVATIONS AT SELECT NEARSHORE 
LOCATIONS ON THE BRITISH COLUMBIA MARGIN DURING 2024 

Wiley Evans, Hakai Institute, Campbell River, B.C.,  wiley.evans@hakai.org 

18.1.  Highlights  
• O2 levels in Fitz Hugh Sound below 1.8 ml l-1 were observed in July, a month after the 

arrival of seawater with density ≥ 1026 kg m-3; O2 did not decrease below 1.6 ml l-1 in 
2024 as was seen in 2023 and hypoxia (defined as O2 < 1.4 ml l-1) has yet to be 
observed in this region. 

• The aragonite saturation horizon in Fitz Hugh Sound shoaled to 20 m over the summer 
months and calcite saturation states near 1 were observed below 100 m in September. 

• In the Strait of Georgia, the storm season intensity was weaker in 2024 compared to 
previous years, which led to an increase in the extent of the water column that is 
corrosive to calcite. 

18.2.  Description of the time series  

Biogeochemical time series are presented from two regions: Fitz Hugh Sound on the central 
British Columbia (B.C.) coast and the northern Strait of Georgia.  

Oceanic data from Fitz Hugh Sound were collected through the water column at oceanographic 
station KC10 (51.650396°N, 127.9508157°W) on seven occasions during 2024, which is a 
reduction from the near monthly sampling that has occurred during previous years. Additional 
oceanic data were obtained from the KC buoy 
(https://hecate.hakai.org/sn/viewsn.pl?theme=KCBuoy) and atmospheric data were provided by 
the Lookout weather station on Calvert Island 
(https://hecate.hakai.org/sn/viewsn.pl?theme=Lookout).  

Atmospheric and oceanic data collected in the northern Strait of Georgia were obtained from the 
Environment and Climate Change Canada (ECCC) Sentry Shoal weather buoy (46131) and 
from oceanographic station QU39 (50.03044358°N, 125.1052797°W), respectively. Data from 
QU39 were collected through the water column every 2 weeks.  

In both regions, oxygen (O2) measurements were obtained using calibrated optodes on CTD 
profilers, and calcite and aragonite saturation states (Ωcal and Ωarag, respectively) were 
computed from inorganic carbon measurements following Evans et al. (2025). 

18.3.  Biogeochemical time series 
18.3.1.  Central Coast / Fitz Hugh Sound 

Given the significance of spring transition timing for ecosystem functioning along the central 
B.C. coast (Thomson et al. 2012), an estimate of local spring and autumn transitions in Fitz 
Hugh Sound using atmospheric data collected at the exposed Lookout weather station on 
Calvert Island is provided along with an illustration of their influence on surface water properties 
(Figure 18-1). Following the spring transition on March 14, chlorophyll content and Ωarag 

mailto:wiley.evans@hakai.org
https://hecate.hakai.org/sn/viewsn.pl?theme=KCBuoy
https://hecate.hakai.org/sn/viewsn.pl?theme=Lookout
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increased markedly, reflecting the transition to the higher biomass and more productive period 
of the year (Del Bel Belluz et al. 2024). Ωarag values remained saturated, and generally at levels 
exceeding stress-inducing thresholds (Ωarag > 1.5; Ekstrom et al. 2015), until the autumn 
transition to stormy conditions. The seasonal shift deeper in the water column lags the surface 
layer, with dense seawater (≥ 1026 kg m-3), being indicator of upwelled water from the 
continental shelf (Jackson et al. 2021), observed nearly 2 months after the spring transition. The 
arrival of dense water into Fitz Hugh Sound is an important driver of biogeochemical variability 
within the area and adjoining nearshore waterways (Hare et al. 2020; Jackson et al. 2021). 

 

Figure 18-1. Atmospheric and oceanic observations from Fitz Hugh Sound during 2024. Panel A is the north-south 
wind stress (N m-2) and Panel B is wind speed (m s-1) from the Lookout weather station on Calvert Island. The green 
vertical dashed line in Panel A denotes the spring transition, and the red vertical dashed line in Panel B denotes the 
autumn transition. Panel C is Chlorophyll (ug l-1) and Panel D is aragonite saturation state (Ωarag) from instruments on 
the KC Buoy. Panel E is potential density (kg m-3) with the 1026 kg m-3 isopycnal highlighted with a white contour. 

Dense water inundating Fitz Hugh Sound has the potential to transport biogeochemical signals 
of continental shelf origin into the nearshore zone. However, it is likely these signals are 
modified during transport over the shallow, < 140 m, passes that connect the deeper nearshore 
waterways to the continental shelf. Figure 18-2 shows O2 measured through the water column 
at oceanographic station KC10 along with the 1026 kg m-3 density contour. In 2024, dense 
water was observed at this site in late May, but O2 was not observed below 1.8 ml l-1 until July. 
This pattern of the seasonal O2 minimum at depth lagging the arrival of dense water occurred 
each year in the 11-year time series, and was particularly evident during years when O2 levels 
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were exceptionally low (< 1.6 ml l-1), such as in 2015, 2018, and 2023. O2 levels in 2024 were 
not as low as observed during 2023 at this site, despite reports of hypoxia on the continental 
shelf during both years. Hypoxia (O2 < 1.4 ml l-1) has yet to be observed at this site. 

Both Ωarag and Ωcal follow a similar seasonal pattern with O2 (Figure 18-2). From late winter to 
early spring when O2 levels were highest below 100 m, the saturation horizon for Ωarag was 
below this depth and undersaturated Ωcal values were not evident. O2 at depth began to decline 
with the arrival of dense water, and simultaneously the Ωarag saturation horizon shoaled to 
depths between 20 and 60 m over the summer months. During 2024, the Ωarag saturation 
horizon reached 20 m before descending to greater depths following the autumn transition to 
stormy conditions. Undersaturated Ωcal levels have been observed in previous years (2018, 
2019, and 2020) during summer months preceding the autumn transition. Ωcal < 1 was observed 
during 2024 in September at 150 m, and conditions below 100 m at that time were generally 
near saturation. Note that corrosive conditions for Ωcal do not always co-occur with lowest O2 
conditions (e.g., 2019). 

 

Figure 18-2. The top panel is oxygen (ml l-1) over the upper 300 m at oceanographic station KC10 in Fitz Hugh Sound 
from 2014 to 2025. Highlighted oxygen contours are 1.8 ml l-1 (gray) and 1.6 ml l-1 (black). White contours represent 
the 1026 kg m-3 isopycnal and indicates the arrival of dense upwelled water. The bottom panel shows calcite 
saturation state (Ωcal) with the white contours representing the calcite saturation horizon (Ωcal = 1). Also shown is the 
aragonite saturation horizon (Ωarag = 1) as a black contour. 

18.3.2  Northern Strait of Georgia 

The northern Strait of Georgia does not exhibit the low O2 levels seen in Fitz Hugh Sound, but 
because of being generally weakly-buffered (Evans et al. 2019), it is prone to exhibiting 
extended periods of corrosive Ωcal conditions. The emergence of these corrosive Ωcal levels has 
been shown to be related to the storm season intensity (Evans et al. 2025). Between 2020 and 
2023, the storm seasons have been intensifying such that the extent of corrosive conditions for 
Ωcal has been declining. This pattern changed during 2024, with a reduction in the storm season 
intensity that resulted in an increase in the extent of the water column exhibiting corrosive 
conditions for Ωcal (Figure 18-3).   
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Figure 18-3. Top panel is the wind speed cubed (m3 s-3) and cumulative north-south wind stress (N m-2) computed 
using measurements from the ECCC Sentry Shoal weather buoy (46131) from March 18, 2015 to February 23, 2025. 
Red dots in the top panel mark the first day in September that experienced gale force winds, and the green dots mark 
the inflection in the cumulative wind stress curve as wind direction shifts during spring to blow predominantly from the 
north. The red and green dots denote the start and end of the winter storm season, respectively, and the height of the 
cumulative wind stress curve is a measure of storm season intensity. The bottom panel shows cal over the upper 
250 m of the water column at oceanographic station QU39 from January 19, 2016 to December 16, 2024. The white 
contours are the calcite saturation horizon, and the black contours are the aragonite saturation horizon. 

18.4.  Factors influencing trends  

The factors influencing O2 and saturation state patterns within Fitz Hugh Sound are likely a 
combination of the varying biogeochemical character of dense water seasonally inundating the 
region from the open continental shelf and local processes that enhance O2 consumption and 
inorganic carbon formation. The relative roles of these contributors are an active area of 
research.  

In the northern Strait of Georgia, the storm season intensity plays a significant role in 
determining the extent of the water column that is corrosive to calcite (Evans et al. 2025). 
Strong storm seasons lead to greater modification of the inorganic carbon content within the 
surface layer by enhanced dilution via discharge from the surrounding watersheds and by 
intensified gas exchange via the persistently elevated wind speeds. The modified surface layer 
is transported to and vertically mixed in Haro Strait (Pawlowicz et al. 2007), and this then 
impacts the character of intermediate water that is circulated northward to the northern Strait of 
Georgia (Stevens et al. 2021) leading to more saturated conditions for calcite over the months 
following the storm season. These modifications do not occur during weak storm seasons, 
which enables more corrosive Ωcal conditions to emerge.  

18.5.  Implications of those trends.   

The frequency of hypoxia on the open continental shelf is reportedly increasing, and yet 
observations within Fitz Hugh Sound show hypoxia has not manifested during the Hakai 
Institute time series. This observation suggests that modification of shelf-originating dense water 
is occurring along its pathway into Fitz Hugh Sound, and this may provide some measure of 
refugia for resident populations. However, local processes can offset these gains, and the 
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continued decline of O2 within source water to the continental shelf may eventually erode this 
refugia. 

Storm season intensity is a powerful tool to forecast the extent of corrosive conditions for calcite 
through the water column in the northern Strait of Georgia. At the time of writing this report, the 
2025 storm season has appeared exceedingly weak and this suggests that an even greater 
extent of corrosive conditions for calcite should be expected in the coming months than what 
has been reported above for 2024. Over time, the significance of storm season intensity as a 
forecasting tool will erode due to the continuing increase of anthropogenic CO2 content. For 
now, this linkage provides an opportunity to examine the biological response to ocean 
acidification conditions that will eventually become persistent.  
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19.  2024 TRENDS IN PHYTOPLANKTON BIOMASS AND COMMUNITY 
COMPOSITION FROM TIME SERIES STATIONS IN THE NORTHERN 

SALISH SEA AND CENTRAL COAST, B.C. 
Justin Del Bel Belluz, Hakai Institute, Heriot Bay, B.C., justin.belluz@hakai.org  

19.1.  Highlights 
• Brief spring high biomass diatom blooms with near time series median initiation dates 

were observed at the Hakai Institute northern Salish Sea (QU39) and Central Coast 
(KC10) monitoring sites (monitored since 2015). The resurgence of strong winds quickly 
muted the blooms at both locations. 

• Station QU39 showed strong diatom bloom conditions in May, but low summer biomass 
and a short autumn bloom resulting in moderate annual biomass when compared to the 
10-year time series. Similar to prior years, the high May diatom biomass may have been 
associated with strongly negative surface freshwater content anomalies likely linked to 
low freshwater discharge conditions.  

• Station KC10 showed generally high surface phytoplankton biomass from April through 
September and when samples were available, the phytoplankton community was 
dominated by diatoms. In July, a high biomass, but vertically narrow, subsurface bloom 
was observed and extended through Fitz-Hugh Channel. Furthermore, a short late 
season surface bloom was observed in October following a large storm event and 
reduction in surface salinity. 

19.2.  Description of the time series  

Phytoplankton pigment time series were analyzed from 
two stations (QU39 and KC10) that are maintained by 
the Hakai Institute (Figure 19-1). In the northern Salish 
Sea (NSS), QU39 is sampled weekly. On the Central 
Coast, KC10 has historically been sampled monthly, but 
was sampled 7-times in 2024. For pigment analysis, 
filtered water samples (1 L onto 47 mm GF/F filters) from 
5 m depth were measured using high performance liquid 
chromatography (HPLC) at the University of South 
Carolina Baruch Institute using the USC method  
(Hooker et al. 2005). Chemotaxonomic (CHEMTAX) 
analysis was then used to derive estimates of 
phytoplankton functional group contributions (in terms of 
total chlorophyll a – Chl-a, mg m-3) (Mackey et al. 1996) 
following the methods of Del Bel Belluz et al. (2021; 
2024). At QU39, annual integrated Chl-a was calculated 
by subtracting the time series median Chl-a 
concentration from each weekly concentration and then 
performing an annual cumulative sum on the difference. 
In each year, the beginning of the productive season was 

Figure 19-1. Study area map showing the location 
of the central coast (KC10) and northern Salish 
Sea (QU39) sampling locations. 

mailto:justin.belluz@hakai.org
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defined as when this integrated value became positive and the end at the annual maximum 
value providing an annual biomass indicator.  

At both stations, CTD chlorophyll fluorescence profiles were utilized to show vertical trends in 
phytoplankton biomass. Each profile was calibrated using the slope of the linear relationship 
with paired discrete chlorophyll samples. When needed, profiles were corrected for non-
photochemical quenching (NPQ) by replacing the 0-5 m depth range with modelled values from 
a fit to the corresponding discrete chlorophyll profile. Furthermore, at KC10, 2 m depth buoy 
chlorophyll fluorometer data were utilized to show temporal variability and only nightly median 
values were retained to eliminate NPQ affected data. 

Physical-chemical data were used to investigate trends in phytoplankton biomass and 
community composition. Salinity, temperature, density (used to derive stratification via Δ⍴30-2 
m) and freshwater content (FWC) were derived from Hakai CTD data. Nutrient data for 2024 
were not yet analyzed. For QU39, weekly anomalies of CHEMTAX diatom concentrations and 
physical parameters were calculated by subtracting the time series climatology from 
observations. 

19.3.  Status and Trends 
19.3.1.  Phytoplankton time series 

In 2024, the start of the spring diatom bloom in the NSS was observed on March 26th (5 m, Chl-
a = 8.97 mg m-3) near the time series median initiation date (March 19th) during a brief window 
of calm winds prior to the end of the storm season as defined by Evans et al. (2025) (Figure 19-
2). This bloom was terminated by the following week coinciding with the resurgence of strong 
winds. Similar to 2023, diatom biomass resurged near the end of April coinciding with reduced 
winds and strongly negative stratification and FWC anomalies. These late spring diatom blooms 
were strong relative to the time series (Figure 19-3) with the annual maxima Chl-a (5 m, 12.40 
mg m-3) observed at the end of May. In early June, stratification increased coinciding with the 
seasonal succession to moderate biomass phytoflagellate dominated conditions. In July, a wind 
event and decreased stratification was associated with a modest increase in diatom biomass (5 
m, Chl-a = 3.31 mg m-3). Following this event, flagellate dominated conditions persisted until 
mid-September when a brief surface diatom bloom was observed (5 m, Chl-a = 6.56 mg m-3). 
While the spring season showed high diatom biomass conditions, the moderate to below 
average summer and autumn conditions resulted in a modest annually integrated Chl-a value 
when compared to the time series (6th highest, 5 m, 37.44 mg m-2; black line on Figure 19-3).  

Similar to the NSS, KC10 showed a large spring bloom that began on March 18th and peaked 
on March 26th (2 m buoy fluorescence, 20.94 mg m-3; Figure 19-4), earlier than the time series 
median (April 6th). This bloom declined with the resurgence of strong winds, but stayed at 
comparatively high biomass through April when compared to the NSS (2 m buoy fluorescence, 
5-10 mg m-3). In May, surface biomass briefly declined and, similar to the NSS, increased to a 
secondary spring maximum near the end of the month. In June, surface phytoplankton biomass 
decreased with the arrival of reduced salinity (suggesting stratification), but unlike the NSS, 
multiple blooms were observed through the summer season with diatoms remaining dominant at 
5 m depth when phytoplankton composition samples were collected. Of note, a very high 
biomass (> 40 mg m-3), but thin, subsurface chlorophyll maxima (SCM) was observed at 10 m 
depth on July 18th and was present throughout Fitz-Hugh channel. This SCM was not captured 

https://catalogue.cioos.ca/dataset/ca-cioos_86343dd1-28d0-4d02-8eaf-402d51a7fef7
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by the surface buoy fluorometer, the 5 m CHEMTAX sample or satellite derived surface 
chlorophyll (not shown) and was observed throughout Fitz-Hugh channel. Furthermore, a short 
mid-October phytoplankton bloom (October 10th, 2 m buoy fluorescence, 6.33 mg m-3) was 
observed after the seasonal transition to stormy low biomass winter conditions. This bloom 
occurred following a large storm and considerably reduced surface salinity. 

 

Figure 19-2. Station QU39 (Northern Salish Sea) 2024 time series of a) Environment Canada Sentry Shoal buoy wind 
speed cubed (m3 s-3) with red shaded areas representing the end and start of the annual storm season as defined in 
Evans et al. (2025); b) CTD derived stratification (Δ⍴30-2 m, black line) and corresponding weekly anomalies (bars); 
c) corrected CTD chlorophyll fluorescence profiles from 0 – 50 m depth with the white line representing the 1021 kg 
m-3 isopycnal and the dashed horizontal line representing the 5 m CHEMTAX sampling depth and; d) 5 m depth 
CHEMTAX phytoplankton functional group contributions (Chl-a mg m-3) with the shaded green box representing the 
range where spring bloom initiation has been observed over the time series. In each plot, the vertical solid line 
represents the 2024 spring bloom initiation date and in d) the vertical dashed line represents the time series median 
initiation date. 
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Figure 19-3. Station QU39 (Northern Salish Sea) 2015 - 2024 time series of a) 5 m depth CHEMTAX phytoplankton 
functional group contributions (Chl-a mg m-3) and weekly anomalies for b) 5 m depth CEHTMAX Diatom contributions 
(Diat, mg m-3) and c) surface freshwater content (FWC). The black line on the CHEMTAX plot represents the annual 
integrated Chl-a over the productive season as described in Section 19.2. The solid vertical line on all plots 
delineates the start of 2024.   
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Figure 19-4. Station KC10 (Central Coast) 2024 a) wind speed cubed (m3 s-3) from the “Lookout” Hakai weather 

station; b) buoy 2 m depth nightly median chlorophyll fluorescence (ChlBUOY, mg m-3, yellow), daily median salinity 
(blue) and 1 m depth discrete Chlorophyll (ChlDiscrete, mg m-3, gray stars) with the shaded green box representing 
the range where spring bloom initiation has been observed over the time series; c) corrected CTD chlorophyll 
fluorescence profiles from 0 – 50 m depth with the dashed horizontal line representing the 5 m CHEMTAX sampling 
depth and; d) 5 m depth CHEMTAX phytoplankton functional group contributions (Chl-a mg m-3). In each plot, the 
vertical solid line represents the 2024 spring bloom initiation date and in b) the vertical dashed line represents the 
time series median spring bloom initiation date. 
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19.4.  Factors influencing those trends 

The March 2024 spring bloom in the NSS (QU39) developed during a period of reduced wind 
prior to end of the storm season. Reductions in wind, lowering surface mixing, and increased 
light are important drivers of regional bloom timing as their combined influence lift light limitation 
to surface phytoplankton (Collins et al. 2009; Allen and Wolfe 2013). Over the time series, 
spring blooms that developed prior to the end of the storm season, including 2024, tended to be 
short-lived, likely as a result of strong wind-driven mixing and dilution of surface phytoplankton. 
Similar trends were observed on the Central Coast (KC10) suggesting that spring bloom 
dynamics may be similar to those in the NSS.  

Late spring trends in the NSS suggest that low surface freshwater promotes increased late 
spring diatom biomass. Between April and June 2024, Fraser River discharge was near the 
minimum observed over the 1995 – 2024 period (Giesbrecht and Moore, Section 6) coinciding 
with some of the lowest QU39 time series stratification and FWC anomalies and highest May 
diatom anomalies: similar trends were observed in 2021 and 2023 conditions (Figure 19-3). It is 
possible that low spring FWC allows for easier mixing of the water column, increased surface 
nutrient renewal and resultingly, increased diatom biomass at this time of the year. Over the 
time series, and in 2024, increased late spring surface stratification coincided with the 
succession to moderate biomass phytoflagellate dominated conditions highlighting the 
importance of stratification and reduced nutrient concentrations on limiting diatom growth (Del 
Bel Belluz et al. 2021); however, explanations for why some years show sporadic high summer 
diatom biomass (e.g., 2021 and 2023), blooming phytoflagellate biomass (2016 and 2019) and 
more prominent autumn diatom blooms remain elusive. 

Freshwater likely also plays a prominent role on the Central Coast, but unlike the NSS, appears 
to promote summer diatom biomass. For example, freshwater-driven summer stratification on 
the Central Coast has been linked to increased diatom biomass (Del Bel Belluz et al. 2024). In 
addition, the July SCM that often dominate annual biomass at KC10 have been constituted by 
Tripos fusus in prior years where the 5m sampling depth was closer to the SCM peak. This 
species favors freshwater-driven stratification and has been noted to form the highest biomass 
SCM in other regions (Baek et al. 2007; Barnett et al. 2024). Furthermore, the observed mid-
October bloom, captured by the buoy, highlights that early and late season blooms, during 
winter conditions, are possible in this region when reduced salinity increases surface 
stratification (Johannessen et al. 2019; Del Bel Belluz et al. 2024). These events are likely often 
missed by discrete in situ and satellite data due to sparse sampling and cloud cover, 
respectively, at these times of the year.  

19.5.  Implications of those trends 

Spring bloom timing and magnitude are important ecological metrics with mismatches between 
peak spring phytoplankton and zooplankton biomass associated with poorer feeding conditions 
for higher trophic levels such as Pacific Salmon and sea birds (Borstadt et al. 2011; Tommasi et 
al. 2013; Suchy et al. 2022). At both stations, the 2024 spring bloom timing (near the time series 
median) and continued spring season diatom contributions likely promoted favorable feeding 
conditions for higher trophic levels (Mahara et al. 2019; Suchy et al. 2022). Although, it is 
unknown whether the short duration “false start” blooms that have occurred over the time series 

have biological implications. 
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Comparatively, the drivers of summer and autumn blooms and their ecological and 
biogeochemical implications are poorly understood for both regions. On the Central Coast, the 
continuation of summer diatom blooms likely promotes shorter more efficient food webs and 
higher vertical carbon export when compared to the lower biomass phytoflagellate dominated 
summer conditions observed in the NSS (Tréguer et al. 2018; Lerner et al. 2022); however, at 
station QU39, regular summer nutrient renewal and drawdown with little or no increase in 
phytoplankton biomass suggests high production with strong grazing limiting diatom 
accumulation. Therefore, differences in grazing between regions may exist and should be 
investigated. 

On the Central Coast, the observed SCM may be missed by surface data (i.e., buoys and 
satellite imagery) potentially skewing large-scale satellite-based characterizations (e.g., 
Marchese et al. 2022; Pramlall et al. 2024). Of note, summer coastal SCM often persist for long 
periods over large areas, can be more prominent sites of carbon fixation and primary 
productivity than the spring bloom, have a high potential for vertical carbon export and are often 
vital for supporting pelagic food webs (Sullivan et al. 2010; Barnett et al. 2024). Therefore, 
increased research is needed to investigate the regional importance of the observed SCM.  

Overall, the Hakai time series presented here suggest strong links between freshwater and 
phytoplankton community composition on both the Central Coast and in the northern Salish 
Sea; however, other factors such as grazing also appear to be important in modulating 
phytoplankton structure and require further research. Freshwater delivery to the coastal zone is 
expected to drastically change with a warming climate (Bidlack et al. 2021) and will likely have 
profound impacts on phytoplankton community structure. The Hakai Institute’s time series 

provide valuable information on phytoplankton dynamics and their drivers at temporal scales 
and resolutions necessary for resolving how changing ocean conditions influence ocean 
biology. 
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20.  WEST COAST BRITISH COLUMBIA ZOOPLANKTON BIOMASS 
ANOMALIES 2024 

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

20.1.   Highlights  
• Zooplankton biomass anomalies in 2024 were similar to 2023 and reflected a transition 

between ENSO (El Niño-Southern Oscillation) positive and neutral conditions. 

• Biomass of endemic shelf euphausiids was greater than average for the Northern 
Vancouver Island (NVI) shelf but Thysanoessa spinifera biomass was very low on the 
Southern Vancouver Island (SVI) shelf.  

• The biomass of Southern chaetognaths and copepods was in decline but above the 
average for the past two years.  

• Total biomass of crustacean and gelatinous zooplankton was average for the SVI 
offshore and above average for NVI. 

 

20.2.  Description of the time 
series  

Zooplankton biomass anomaly time-
series are calculated 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 early in NVI and Hecate 
Strait time-series. Additional locations 
are included when available. See 
Mackas (1992) and Mackas et al. 
(2001) for methodology of 
zooplankton monitoring surveys along 
the West Coast.  

The zooplankton climatology was 
calculated for each region, following the 
ICES protocol (O’Brian 2022; see 
https://wgze.net/) for log10 transformed 
biomass anomaly calculations. The climatological period for Vancouver Island regions is 1991-
2020. The amplitude of the seasonal cycle is large so biomass anomalies are first calculated on 
a seasonal basis and then averaged within year for each region (Figure 20-1).  

The west coast of Vancouver Island (WCVI) lies in the transitional zone between the 
equatorward flowing California Current and the poleward flowing Alaska Current. Zooplankton 

Figure 20-1. WCVI zooplankton time series sampling 
locations (red symbols) in B.C. marine waters. Data are 
averaged for samples within each statistical region. 
Additional sampling within each region is included in 
seasonal/annual reporting.  

Figure 20-1. WCVI zooplankton time series sampling locations (red 
symbols) in B.C. marine waters. Data are averaged for samples 
within each statistical region. Additional sampling within each 
region is included in seasonal/annual reporting. 

mailto:Akash.Sastri@dfo-mpo.gc.ca
mailto:Moira.Galbraith@dfo-mpo.gc.ca
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composition and biomass in this area are subject to variation in the position of the transitional 
zone and strong seasonality in timing and intensity of upwelling and downwelling. Sea surface 
temperature (SST) anomalies for SVI, Amphitrite Point, and NVI, Kains Island lighthouse 
(Jackson, Section 8), were calculated for seasons generally corresponding to coastal upwelling 
and downwelling. Time series of zooplankton groups (see Table 20-1 for compositions) with 
shared geographic affinity and ecological roles provide meaningful indicators of biological 
response to climate variability (Mackas et al. 2006). Multiple species were averaged within 
these groups to capture interannual variability (Galbraith and Young 2017; Mackas et al. 2013; 
Irvine and Crawford 2013). The biomass anomaly time series for zooplankton community 
groups: ‘southern’, ‘subarctic’, ‘boreal shelf’, etc.; are described below and limited to SVI and 

NVI shelf/slope (Table 20-1 and Figure 20-1) for this report. Cool years tend to favour 
production of endemic ‘northern’ taxa (i.e., boreal and subarctic copepods); whereas warm 
years are typically associated with an elevated abundance of ‘southern’ taxa. All data presented 
here should be treated as preliminary since sample identification and enumeration is ongoing; 
the magnitude of anomalies will change as analysis is completed but the sign (i.e., 
positive/negative) does not usually change.  

Table 20-1. Zooplankton groups described in the time series in Figure 20-2, 20-3 and 20-5. 

20.3.  Status and trends 

In 2024, ‘southern’ copepod species were more abundant in the NVI shelf/slope relative to the 
SVI shelf/slope region, but annual biomass anomalies were positive in both. Annual biomass 
anomalies for this grouping had been positive but declining to the climatological mean since the 
extreme marine heatwave in 2015 for all areas (Figure 20-2b). This pattern reversed in 2023 
and 2024 with large positive biomass anomalies for both NVI and SVI associated with a strong 
El Niño event (Figure 20-2b).  

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 km 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 chaetognaths Parasagitta elegans, Eukrohnia 
hamata 

Boreal Pacific into the Arctic 
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The large subarctic copepods, Neocalanus spp., and Eucalanus bungii dominate crustacean 
zooplankton biomass in the offshore along the west coast of Vancouver Island; whereas, 
euphausiids dominate annual crustacean production on the shelf. In 2024, the biomass of 
euphausiids in the NVI shelf region was greater than the climatological mean and due to 
positive biomass anomalies for both Euphausia pacifica and Thysanoessa spinifera (Figure 20-
3). The biomass of T. spinifera in the SVI was significantly reduced, but E. pacifica was close to 
its climatological mean. 

Figure 20-2. Annual biomass anomalies of copepod indicator groups for the WCVI regions illustrated in Figure 20-1. 
Panel (a) Ocean Nino Index; b) annual ‘southern’ copepod biomass anomaly (log10 g DW m-2), orange bars, and SST 
anomalies for annual downwelling period, dashed lines; c) annual ‘boreal’ copepod biomass anomaly (log10 g DW m-2), 
green bars, and SST anomalies for annual upwelling period, dashed lines; and d) annual ‘subarctic’ copepod biomass 
anomaly (log10 g DW m-2), blue bars, and SST anomalies for annual upwelling period. Note, NVI and SVI regions 
represented by darker and lighter shaded bars, lines, and symbols, respectively. 
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Figure 20-3. Biomass anomaly time series for dominant WCVI shelf Euphausiid species: Euphausia pacifica (Eupa), 
red and Thysanoessa spinifera (Thsp), grey. A) Northern Vancouver Island (NVI), and b) Southern Vancouver Island 
(SVI) shelf. 

The ratio of crustacean zooplankton (greater lipid and protein content), to the soft-bodied 
zooplankton (higher water content, less protein or lipids) is a valuable indicator of food 
availability/quality for forage fish, seabirds and marine mammals. In 2024, the CSIndex or 
“Crunchies (crustacean): Squishies (gelatinous)” Index (see Galbraith and Young (2019) for a 
more detailed explanation) saw an increase from negative to positive for soft-bodied 
zooplankton with little to no increase for crustaceans in the SVI shelf region. Larvaceans, 
siphonophores, and ctenophore biomass anomalies were positive mainly on the shelf but overall 
salps and doliolids were the main contributors to the positive gelatinous group anomalies 
(Figure 20-4). In the NVI offshore region, the biomass of both groups was above average with a 
large year-over-year increase of crustaceans, possibly due to the increased abundance of 
Euphausia pacifica.  

There were mid-island reports of Salp species (probably Salpa aspera) sighted in the near 
shore and shelf areas by the general public, either washing up on shore or being spotted from 
small craft on the water. There were also large numbers of the ctenophore Bolinopsis in the 
shelf area during fall to winter surveys.  
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Figure 20-4. Biomass anomaly time series for selected crustaceans (dark red bars: Crunchies) and soft-bodied (grey 
bard: Squishies) zooplankton. a) Northern Vancouver Island (NVI), and b) Southern Vancouver Island (SVI) offshore. 

 

Figure 20-5. Northern chaetognaths (Chaeto_N; blue) and Southern chaetognaths (Chaeto_S; red), biomass 
anomalies time-series for. Northern Vancouver Island (NVI) offshore and shelf, upper panels, and Southern 
Vancouver Island (SVI) offshore and shelf, lower panels. 

Biomass anomaly time series of ‘northern’ and ‘southern’ chaetognath species groups (Table 
20-1) are similar in pattern to the ‘northern’ versus ‘southern’ copepod groupings. Both 
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chaetognath groups are indicators of warm and cool conditions (Figure 20-5). The southern 
chaetognaths are especially sensitive and essentially absent from WCVI samples during La 
Niña events. The biomass of southern chaetognaths (and southern copepods) declined steadily 
from ~2015 (extreme marine heatwave) to 2022. The 2023-2024 El Niño event was 
accompanied by a large and positive biomass anomaly for ‘southern’ chaetognaths in both NVI 

and SVI shelf and offshore regions.       

20.4.  Factors causing trends 

Southern copepod and chaetognath biomass anomalies tend to vary in a positive manner with 
SST anomalies during downwelling (Figure 20-2b), reflecting degree of transport from the south 
and offshore in winter and fall, respectively. The copepod groups endemic to the WCVI, ‘boreal 

shelf’ and ‘subarctic’, copepods and northern chaetognaths tend vary in a negative relationship 
with SST anomalies during the upwelling season, when most of their surface production occurs. 
Seasonal SST anomalies tend vary with each other on an annual basis and leads to a 
‘reciprocal’ arrangement of ‘southern’ and ‘endemic’ copepod biomass anomalies. However, the 

SST anomalies in 2023 and 2024 were positive during downwelling, associated with greater 
transport of ‘southern’ copepods, and negative during upwelling, supporting production of 
‘endemic’ copepods. Positive annual biomass anomalies of both southern and endemic 
zooplankton in 2024 is not common to WCVI zooplankton time series, and points to an abrupt 
shift from El Niño conditions in late winter-early spring (favouring transport from the south; 
Fisher et al. 2015) to ENSO neutral and strong coastal upwelling (Hourston, Section 9) 
favouring production of endemic shelf/slope copepods.  

20.5.  Implications of observed trends   

Overall, the 2024 biomass of southern copepods, chaetognaths, and soft-bodied zooplankton 
increased in all regions and was likely associated with winter-early spring. This relatively strong 
production of euphausiids 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 Pacific salmon smolts), and planktivorous seabirds.   

The seasonal positioning of the North Pacific Current transitional zone exerts an influence on 
zooplankton composition in the northern California current (Fisher et al. 2019). A northern 
displacement of the transition zone is generally associated with greater abundance of ‘southern’ 

zooplankton and diminished food quality for planktivorous fish (Malick et al. 2017).  
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21.  LOWER TROPHIC LEVELS IN THE NORTHEAST PACIFIC 
Clare Ostle1, and Sonia Batten2  
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2North Pacific Marine Science Organization (PICES), Sidney, B.C., Canada. 
sonia.batten@pices.int 

21.1.  Highlights  
• In spring 2024, numbers of copepods typically associated with warm waters were close 

to average, following the long-lasting impacts of the 2014-2016 marine heatwave. 

• In spring 2024, phytoplankton community indicators returned to values of pre-heatwave 
(2014-2016) conditions in both regions (more so in the offshore region than the shelf 
region). 

21.2.  Sampling 

The CPR is towed behind commercial ships, and, in the Northeast Pacific, samples 
approximately monthly, 6-9 times per year, between March and October, continuing a time 

series that began in 2000 (Figure 21-1). Each 
CPR sample contained the near-surface (about 
7 m depth) plankton from an 18.5 km length of 
transect, filtered using 270 µm mesh, and 
afterwards analyzed microscopically to give 
taxonomically resolved abundance data. 2024 
CPR data presented within this report are 
provisional and only include the spring months 
April-June, as the rest of the samples are still 
being analyzed. All 2024 tows were completed 
as scheduled (Figure 21-1, see yellow circles).  

Sea Surface Temperature (SST) data from 
2000 to 2024 were obtained from the 
International Comprehensive Ocean-
Atmosphere Data Set (ICOADS, 1° enhanced 
data, 

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 were 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 

Figure 21-1. Map showing the location of historic CPR 
samples (2002-2024) red = offshore, black = shelf. Yellow 
circles are the location of the 2024 samples, note some 
2024 samples are not yet analysed so are not shown. 
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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, were well sampled by the CPR and several 
zooplankton time series were generated: i) total zooplankton abundance, ii) taxon specific 
lengths and abundances were 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 2024, the offshore region SST was similar to what it has been in recent warm years, however 
the shelf region was cooler than the mean of the sampling period. 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 2014 (Figure 21-2). 

 

Both offshore and shelf regions showed similar trends in phytoplankton Community 
Temperature Index (CTI) which correlate with observed SST: warmer communities in the early-
2000s, cooler communities in the 2006 to 2013 period before reaching a maximum in 2015 
(Figure 21-3) and a warm period following. The phytoplankton CTI values in the offshore region 
in 2024 was lower than it had been since 2012, while the shelf region CTI value remained 
consistent with recent years since the peak in 2015. 

 

 

 

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: 2024 CPR data are provisional and only for spring 
months to date. 
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21.4.2.  Zooplankton  

The numbers of copepods typically associated with warm waters were low, and the mean 
copepod length increased in 2024 compared to 2023 (Figure 21-4). Numbers of salps and 
doliolids (gelatinous plankton) were the highest they have been during the sampling period in 
the offshore region in 2024, however they remained low in the shelf region. 

Figure 21-3. The mean annual phytoplankton Community Temperature Index (CTI) for each region (top subplot) and the 
annual standardized z-score for Sea Surface Temperature in the offshore (middle subplot) and shelf (bottom subplot) region. 
Note: 2024 CPR data are provisional. 

 



124 
 

 

21.5.  Factors Influencing the trends 

In 2024, ocean temperatures in the offshore region of B.C. were higher than the mean of the 
sampling period, however in the shelf region of B.C. the temperatures were cooler (Figure 21-3). 
Despite this discrepancy, 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, 
particularly in the offshore region, reducing the community temperature index (Figure 21-3), and 
the copepods associated with warmer waters were lower in numbers in both regions in 2024 
(Figure 21-4). It is important to note however that as samples from the rest of the year are 
analyzed this may change. Anomalously warm surface waters can increase stratification thereby 
reducing nutrient availability. Lower nutrients can affect the phytoplankton composition and 
shape by promoting growth of smaller and narrower cells because of a relatively larger surface 
area over which to absorb nutrients (Karp-Boss and Boss 2016; Pahlow et al. 1997). 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 CTI values during warm years. Such 
communities may apparently persist for several years after a heatwave event, especially if 

Figure 21-4. The mean annual abundance of warm water copepods (top), mean copepod length (middle), and salp and doliolid 
abundance (bottom) for both the shelf (left axis) and offshore (right axis) regions of B.C. Note: The CPR only captures small or 
fragments of salps and doliolids. Note: 2024 data are provisional and only for spring months to date. 
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waters remain warm. In 2022, however, plankton had returned to more typical sub-
arctic/temperate communities, and this appears to be persisting at least into spring 2024. 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.  BRITISH COLUMBIA ASSESSMENT OF KELP RESOURCES 
Sandie Hankewich and Joanne Lessard, Department of Fisheries and Oceans, Nanaimo, B.C.,  
sandie.hankewich@dfo-mpo.gc.ca, joanne.lessard@dfo-mpo.gc.ca 

22.1.  Highlights  
• Widespread declines in kelp have been documented in B.C. and worldwide, and kelp 

ecosystems are at risk due to stressors related to climate change. 

• Current kelp stock assessment data are necessary for managers to apply the ecosystem 
approach to fisheries management (EAFM) to many commercially fished species and for 
assessment of scientific license applications for kelp restoration projects. 

• In 2021, Fisheries and Oceans Canada (DFO) began a kelp ecosystem monitoring 
survey in Barkley Sound.  

• We highlight the need for increased capacity within DFO to continue the monitoring of 
kelp ecosystems and analyze survey data.  

22.2.  Description of the time series  

In nearly 30 years, only a single Kelp Inventory Method (KIM-1) (Foreman 1975) survey has 
been conducted by the Province of B.C. Widespread declines in kelp have been documented by 
several sectors including academia, industry, and private as well as on citizen science surveys. 
To date, most research on kelp has focused on canopy kelps and little data is currently available 
about understory kelp and its importance to associated species assemblages. In 2021, DFO 
established a survey in Barkley Sound to assess annual changes in kelp ecosystems and 
associated species assemblages of fish and invertebrates. The study was structured to 
complement B.C.-wide efforts to determine the persistence and resilience of kelp ecosystems, 
as well as their response to environmental stressors, human pressures, and the drivers of 
change. The study methods and location were selected to align with the Regional Kelp 
Monitoring Project lead by MaPP (Marine Plan Partnership; a partnership between 17 member 
First Nations and the Province of B.C.), historical, and current studies conducted by DFO. The 
project extended a related intertidal study by members of the Bamfield Marine Science Centre 
(Starko et al. 2019) and the collaborative rocky intertidal monitoring work being conducted by 
academia and DFO in the subtidal zone. The objectives of the Barkley Sound kelp monitoring 
study were threefold: 1) to identify annual changes in understory kelp extent; 2) to monitor 
annual changes in the density and abundance of algae, invertebrate, and fish species 
associated with rocky reefs; and 3) to examine the influence of environmental variables (such as 
fetch, distance from the tip of the southernmost Deer Group Island, sea surface temperature, 
and nutrients) on kelp density, diversity, and productivity.  

Twelve sites were selected over a range of environmental variables (Figure 22-1) in 2021, and 
some preliminary data were gathered while testing methods. In 2022, three sites were added. 
Data were collected using multiple dive survey methods including two types of transect surveys 
(transect and belt) and a quadrat-based survey (along belt transects) at each site (Figure 22-1). 
Presence/absence of over 150 species of invertebrates and percent cover of over 60 species of 
algae were recorded on belt transects. Nearshore temperature and water motion data were also 
collected with sensors placed at 4 m depth at each site (data not available yet).  
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Figure 22-1. Location of kelp monitoring sites in Barkley sound (left panel), west coast Vancouver Island, B.C. Sites in 
green were selected in 2021, purple indicates sites added in 2022 (middle panel). Diagram of the layout of each kelp 
monitoring study site in Barkley sound 2022-2024 (right panel). Algae and invertebrate data were collected along belt 
transects perpendicular to shore. Algae, fish and invertebrate data were collected on belt transects parallel to shore 
at three depths. Along each parallel transect, three quadrats were selected in which more intensive algae and 
invertebrate data were collected.   

22.3.  Status and trends 

Currently, DFO does not have the capacity (in terms of funding or dedicated staff) to conduct an 
in-depth analysis of the Barkley Sound kelp monitoring data, so the results presented here are 
preliminary, and show the raw data with no statistical analysis. Canopy and turf kelps were 
mostly observed at 2 m of depth, with few observations occurring at the 4 m or 6 m transects, 
while understory kelps were more common at the 4 m and 6 m transects (Figure 22-2). In all 
categories, at nearly all depths the mean percent cover of algae declined between 2022 and 
2024.  Species richness for algae and invertebrates declined between 2022 and 2024, but was 
site dependent (Figure 22-3).  The diversity of fish did not appear to change between 2022-2024 
when sites were grouped (Figure 22-3), though more detailed analysis may provide more clarity. 
To better assess kelp ecosystem response to climate change, more years of data and capacity 
to perform analysis will be necessary.  
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Figure 22-2. Percent cover of algae in categories of canopy (tall, shading, surface-reaching algae, i.e., Nereocystis 
and Macrocystis), understory (species between 15-20 cm – 2 m in length. e.g., Laminaria) and turf (small foliose and 
branched species 5 cm – 15-20 cm in length [includes articulated corallines] e.g., Porphyra) observed on parallel 
transects at 2 m, 4m, and 6 m depth at Barkley sound between 2022-2024. Means are indicated by red dots. 

 

 

 

 

 

 

 

 

 

 

Figure 22-3. Species richness of algae and 
invertebrates encountered at 2 m, 4 m, and 6 
m of depth during dive surveys at Barkley 
sound sites between 2022 and 2024. Red 
circles indicate mean values, and red lines 
show standard deviation of the mean. 
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22.4.  Factors influencing trends  

Kelps are sensitive to high temperatures, so are expected to be negatively impacted by climate 
change and associated warmer temperatures. Further, kelp ecosystems are located in 
nearshore rocky coastal areas, where marine heat waves can be amplified, and many 
invertebrates found in intertidal and shallow subtidal ecosystems are near the edge of their 
temperature tolerance ranges (Starko et al. 2019). Kelp in our study appeared to decline slightly 
in percent cover and species richness, possibly due to temperature changes, however more 
data are needed to detect long-term trends. Invertebrate species richness also declined slightly 
over the course of the study, possibly in response to temperature changes or associated with 
the decline in kelp.  It is clear that these responses were site dependent, and may be impacted 
by local microclimates including exposure. Starko et al. (2019) found that changes in kelp 
diversity were dependent on wave exposure, with wave-exposed habitats remaining stable and 
wave-sheltered habitats experiencing near complete losses of kelp diversity. This likely is due to 
both the moderation of temperature increases through water motion and exposure to deeper 
water combined with depth restriction of urchins by wave exposure.    

22.5.  Implications of those trends.   

Kelp ecosystems are critically important to many commercially harvested species managed by 
DFO including salmon, Pacific Herring, rockfish, sea cucumber, and sea urchins, as well as the 
endangered Northern Abalone. Kelp stock assessment is a necessary component of the 
ecosystem approach to fisheries management (EAFM) of these species. The widespread 
decline of kelp has resulted in the initiation of many restoration projects within B.C., many of 
which propose the cull of urchins which requires a scientific license issued by DFO. Managers 
cannot properly assess these permit applications without data on the current status of kelp in 
B.C. Though assessment of kelp stocks in B.C. has traditionally been the responsibility of the 
Province and is identified as an important activity in the B.C. Coastal Marine Strategy (CMS), 
there is currently no funding to support this work. Since DFO managers and policy-makers 
require updated information on the status of kelp in B.C., we propose a collaboration between 
DFO and the Province to complete ongoing stock assessments of kelp.      
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23.  SURVEYS FOR OLYMPIA OYSTERS (OSTREA LURIDA 
CARPENTER, 1864) AT SIX INDEX SITES IN BRITISH COLUMBIA, 

2010-2024 
Erin Herder, Dominique Bureau, Marine Invertebrates Section (MIS), Stock Assessment and 
Research Division (StAR), Fisheries and Oceans Canada, Nanaimo, B.C., Erin.Herder@dfo-
mpo.gc.ca, Dominique.Bureau@dfo-mpo.gc.ca  

23.1.  Highlights 
• Relative abundance of Olympia Oysters remained relatively stable at index sites 

between 2010 and 2024 with some fluctuation in densities.  

• On the west coast of Vancouver Island, density of Olympia oysters was highest at Port 
Eliza in 2024 compared to the previous three years while both Hillier Island and Harris 
Point were lower in 2024 compared to 2021, 2022, and 2023. Density at Swy-a-lana 
Lagoon remained stable while density at Transfer Beach reached the lowest of the time 
series. 

23.2.  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 
surveyed annually.  Annual surveys more rapidly identify abundance trends and provide a better 
understanding of population dynamics. The six sites surveyed include: 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 (Herder et al. 2022). In agreement with Parks Canada in 2023, Joes Bay, 
Barkley Sound, is now surveyed every other year to minimize impact to a local clam garden. 
Surveys were conducted during the lowest tides of the month (typically < 0.1 m tides) and took 
1-2 days to complete. 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 (Magallana gigas) when they are ≤15 mm shell length. The small size category 

therefore includes both Olympia and Pacific oysters. Many of the index sites have both species 
present.  

23.3.  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 survey time series in 2010, the large size 
class (> 15 mm) of Olympia Oysters at index sites have shown varying long-term trends (Figure 
23-1). The overall densities of the large size class are discussed below, unless otherwise 
stated. 
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Figure 23-1. Density and 95% Confidence Intervals of large (>15 mm shell length) Olympia Oyster, between 2010 
and 2024, at index sites located around Vancouver Island. 

Swy-a-lana Lagoon, Nanaimo: Small and large Olympia Oysters were not distinguished in 2010.  
Overall density of large Olympia Oysters has fluctuated between 2013 and 2024. Overall, 
density declined in 2023 and again in 2024 to 63.0 ± 22.5 (95% CI) oysters m-2. 

Transfer Beach, Ladysmith: Overall density of large Olympia Oysters remained fairly constant at 
this site over the time series until 2024 whenoverall density was 9.2 ± 1.9 (95% CI) oysters m-2  
with no overlap of confidence bounds from previous years.  

Hillier Island, Barkley Sound: Overall density of large Olympia Oysters generally increased over 
the time series until 2021. Density steadily declined in 2022, 2023, and 2024. In 2024, density 
was 42.8 ± 7.8 (98% CI) oysters m-2. 

Harris Point, Barkley Sound: Overall density of large Olympia Oysters increased steadily from 
2012 to 2021 (highest in the time series). Similar to Hillier Island, overall density steadily 
declined between 2022 and 2024 to 85.3 ± 41.6 (95% CI) oysters m-2.  

Joes Bay, Barkley Sound: Only results from Stratum 2 are discussed (Stratum 1 has not been 
surveyed since 2015). Between 2014 and 2017, density of large Olympia Oysters steadily 
increased. Density has remained stable between 2017 and 2024. 
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Port Eliza, Nootka Sound: Since 2021, overall density has continually increased and in 2024 
had reached 224.0 ± 73.7 (95% CI) oysters m-2. Only one stratum was surveyed in 2010 and 
2013, so these survey years were not presented here. 

23.4.  Factors influencing trends 

Found in the low intertidal zone, Olympia Oyster survival and reproduction is affected by 
extreme fluctuations in temperature (DFO 2009). The heat dome of 2021 did not appear to have 
affected Olympia Oyster survival at sites in the Strait of Georgia where temperatures were 
hottest during the lowest tides of the day. The water filled terraces of the Swy-a-lana Lagoon 
site may aid in mitigating the effects of temperature on Olympia Oysters at this site. Overall 
density declined to the lowest of the time series at Transfer Beach in 2024 and with no 
recruitment observed in 2023 at this site; die off of large individuals is likely to be the cause of 
the decline observed in 2024. The four west coast Vancouver Island sites continue to show 
varying trends and it is uncertain whether the heat dome affected oyster densities at these sites. 
Length frequency plots for both Hillier Island and Harris Point sites provide no indication of 
recruitment events in 2024. The Joes Bay site was not surveyed in 2023 and it is possible that a 
recruitment event had occurred at this site which would explain the increased density in 2024. A 
recruitment event was observed at the Port Eliza site in 2023 and the overall length of oysters 
observed in length frequency plots had increased in 2024 compared to 2023. 

One consideration that requires further examination is to look at the densities of non-native 
species, Pacific Oyster and European Green Crab (Carcinus maenas), in conjunction with 
Olympia Oyster density trends. Pacific Oysters are present and also recorded at all Olympia 
Oysters index sites. We have observed European Green Crabs at Hillier Island during surveys 
and DFO’s Aquatic Invasive Species program collects time series data for European Green 
Crab at Hillier Island. 

23.5.  Implications of those trends 

Olympia Oyster density continues to vary among Vancouver Island index sites and is indicative 
of local-scale factors influencing populations dynamics.  The management objective of 
maintaining density at index sites continues to be achieved, however, the continued downward 
trend at the two Barkley Sound sites and the unexpected decline in density at Transfer Beach 
should be monitored closely.   
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24.  Á,LEṈENEȻ: TSAWOUT’S DUNGENESS CRAB STEWARDSHIP 

FOR FUTURE GENERATIONS 
Lais Chaves1, Neil Fowler1, Nicole Jung2 

 
1 Tsawout First Nation, Saanichton, B.C., marineuseplanner@tsawout.ca, 
fisheriesbiologist@tsawout.ca 
2 University of British Columbia: Centre for Indigenous Fisheries, Vancouver, B.C., 
n.jung@oceans.ubc.ca 

24.1.  Highlights  
• In June of 2023, Tsawout First Nation established the QEN,T Indigenous Protected and 

Conserved Area (IPCA; spanning 150 km2 or 3% of Tsawout’s 4500-km2 traditional 
territory) to address historical and ongoing exclusion of the Nation from sustainable 
management of its traditional waters. 

• The Tsawout Fisheries Department is leading several new initiatives to ensure Tsawout 
can play a primary role in protecting and conserving ecosystems within the QEN,T IPCA.  

• Complementing biological survey data conducted for DFO from 1989-2024, monitoring of 
adult Dungeness Crab distributions inside versus outside commercial closures within the 
QEN,T IPCA is anticipated to lend focused insight into population dynamics at a 
biologically, socially, and culturally-relevant scale. 

24.2.  Description of the time series  

The Tsawout Adult Dungeness Crab (Metacarcinus magister; Á,ĆEX) Monitoring Program will 

rigorously follow Fisheries and Oceans Canada’s (DFO) standardized approach to biological 

crab surveys (see Dunham et al. 2011), while adapting it to a focused, localized area within the 
QEN,T IPCA (Figure 24-1; see ICE 2018 for IPCA definition). This methodology will ensure 
consistency with established scientific protocols, while also incorporating Indigenous Knowledge 
and priorities for resource stewardship. To date, the Tsawout Fisheries Department and 
research partners have completed six surveys composed of sets of 10 traps deployed at four 
sites within the IPCA (starting March 2024). Analysis is currently underway to compare early-
stage data from these surveys with DFO’s long-term biological survey dataset for Dungeness 
Crab collected as part of surveys for PHMA 19-6, which includes data points from 1989 to 2024. 

Sampling sites were selected based on knowledge of past and present harvest sites shared by 
Tsawout members (in archived interviews), current closures to commercial fisheries (Figure 24-
1), and feasibility for trap setting (e.g., appropriate depth, current). This survey design enables 
comparative analyses of sites inside versus outside DFO’s commercial crabbing closures and 

may allow for future evaluations of the efficacy of these spatial closures, as has been 
demonstrated elsewhere (Frid et al. 2016). By focusing on surveying past and present harvest 
sites utilized by Tsawout harvesters, it also creates opportunities for one of Tsawout’s 

concurrent projects, involving interviews with Tsawout crab harvesters, to provide 
complementary insights into Dungeness Crab abundance at these sites. Deep-time Indigenous 
Knowledge often holds the potential to address temporally-limited data scenarios, and in this 
case, may act to extend insights into potential shifts in Dungeness Crab abundance over a 
much greater time frame (i.e., deeper into years before formalized biological surveys for this 
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species). Notably, Ban et al. (2017) have previously demonstrated how Indigenous ecological 
Knowledge arising from interviews can be used to extend time series.  

Using the standardized methods for adult Dungeness Crab surveys set out by Dunham et al. 
(2011), modified commercial crab traps are deployed within the QEN,T IPCA. Traps were 
modified to have escapement rings tied shut with rot cord, so that both sub-legal as well as legal 
sized crabs (>165 mm) are captured. Each trap was baited with two, halved herring. Survey 
“sets” consist of 10 traps deployed and soaked for 24-hours at a similar depth contour spaced 
100 m apart from one another. These data are collected every 2 months, with 3-day sampling 
efforts distributed throughout different seasons to capture anticipated seasonal distribution shifts 
(Froehlich et al. 2014). For each Dungeness Crab captured, the following biological parameters 
are recorded: carapace width (notch to notch), sex, shell condition (7 classes), egg-bearing 
status, and injuries.  

 

Figure 24-1. Area of study with survey locations represented within the QEN,T Indigenous Protected and Conserved 
Area (IPCA) and current spatial closures for commercial fisheries within the QEN,T IPCA (DFO 2024). 

24.3.  Status and trends 

The historical trends and current status of the crab fishery within Tsawout territory remain 
uncertain due to the lack of comprehensive, focused data analysis at this localized spatial scale. 
This program aims to address this uncertainty by kickstarting the process of creating focused, 
rigorous, long-term dataset for Dungeness Crab in the QEN,T IPCA. This marks an important 
step toward Indigenous-led data collection and stewardship, and can complement DFO’s 

regionally-focused biological survey program as well as existing, community-held knowledge 
about Dungeness Crab abundance in Tsawout waters. Together, these data sources can be 
used to construct a temporally comprehensive time series of Dungeness Crab abundance, 
essential to grounded assessments of population health, fisheries impacts, and shifts due to 
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climate change. Overarchingly, this program underscores the urgent need for collaborative 
research and adaptive management strategies. By presenting this program in its infancy stages, 
our hope is to iteratively embrace opportunities for collaborative insights and feedback as 
results and trends in these data begin to arise in future years. 

24.4.  Factors influencing trends and implications of those trends 

This program is in its infancy stages, and can therefore provide limited insights into trends in 
Dungeness Crab abundance and distribution within the QEN,T IPCA at this time. However, 
Tsawout community members have voiced concerns about declines in Dungeness Crab 
abundance that impacts their ability to harvest this species (Evans et al. 2014). This ultimately 
impacts Tsawout members’ inherent rights arising from Tsawout law, Douglas Treaty rights to 

‘fish as formerly,’ and constitutionally-protected rights to fish for food, social, and ceremonial 
purposes. While efforts through this program are ongoing to synthesize and record the details of 
what Tsawout crab harvesters have observed, we consider the observed experiences of 
Tsawout crab harvesters as seriously as we would any evidence arising from quantitative 
ecological data.  

Factors that we predict our future analyses will illuminate as the primary drivers of declines in 
Dungeness Crab abundance over time include increased intensity in commercial and 
recreational crab fisheries, worsening pollution, and eelgrass habitat degradation. Elsewhere, 
on the central coast of British Columbia, Frid et al. (2016) have reported body size and relative 
abundance of legal-sized male Dungeness Crab to decline under current commercial and 
recreational fisheries regimes, and found spatial closures declared under Indigenous Laws to 
remediate these effects within just 10 months of sampling. Shifts in environmental conditions 
associated with climate change, such as temperature, ocean acidification, and dissolved 
oxygen, are also anticipated to be factors influencing this trend, especially given this species’ 

complex life history that utilizes life-stage-specific marine environments (Bednarsek et al. 2020; 
Berger et al. 2021).  

As with all species, Dungeness Crabs play an essential role within the ecosystems they inhabit, 
contributing to nutrient cycling and serving as both predator and prey. Changes in abundance 
and distribution could potentially lead to cascading effects on other marine species and habitats. 
From a socio-economic perspective, observed declines in Dungeness Crab access and 
abundance highlight concerns about ethical imperatives and responsibilities Canada holds in 
terms of reconciliation. Tsawout has long relied on Dungeness Crabs as a vital food source, and 
the Nation also has broader ways of relating to this species as a marine relative that play 
essential roles within Tsawout worldviews, laws, cultural protocols, and oral histories. However, 
Tsawout has endured over 170 years of exclusion from sustainable management of its 
traditional waters, which, in turn, has impacted the Nation’s food sovereignty/security, 

health/wellness, economics, cultural protocols, and, crucially, the intergenerational cultural 
knowledge passed down to future generations. The implications of declines in Dungeness Crab 
over time go far beyond the ecological implications often highlighted in Western academic 
research: they have implications for the very foundations of what it means to be SȾÁUTW 
(Tsawout). Ultimately, trends in Dungeness Crab abundance within the QEN,T IPCA have 
implications for both ecological and social justice.  
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25.  BUILDING ENVIRONMENTAL DNA AS A TOOL TO MONITOR 
MARINE PROTECTED AREAS (MPAS) 
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25.1.  Highlights  
• Phase I of the Pacific eDNA Biomonitoring Program: a rapid biodiversity baseline 

assessment, has been underway since 2022, and has thus far collected 1174 water 
samples from 255 sites in proposed or existing Pacific Canada Marine Protected Areas 
(MPAs).  

• Phase II of the Pacific eDNA Biomonitoring Program begins in 2026 and will transition 
the eDNA tool to long term biomonitoring of MPAs. The eDNA tool can potentially detect 
up to 83% of fish and invertebrate species identified as conservation priorities for the 
network. 

25.2.  Description of time series  

Biodiversity monitoring is a core tenet of conservation management and Canada’s conservation 

commitments. Canada has established a series of guidelines for MPAs that emphasize the need 
for non-destructive, multi-species survey methods (DFO 2018). Environmental (e)DNA 
metabarcoding is revolutionizing the field of biomonitoring, and its use for MPA monitoring is 
rapidly increasing (e.g., Gold et al. 2021; Capurso et al. 2023). In 2022, we initiated the Pacific 
eDNA Biomonitoring Program that consists of two phases: 1. Phase I (2022-2025) to conduct a 
rapid biodiversity assessment in existing and proposed Oceans Act MPAs; 2. Phase II (2026 – 
onwards) to transition from baseline assessments to long term ongoing monitoring. We are at 
the stage of evaluating results from Phase I in the context of how eDNA data can be integrated 
into MPA monitoring in general, and using the proposed Northern Shelf Bioregion MPA Network 
(also known as the Great Bear Sea MPA network) as a specific use case, determine how well 
do the tool performs for detecting single species conservation priorities. 

Phase I Methods - Water Sampling 

Water samples (n-1174) have been collected between 2022 and 2024 from 255 sites across 
three existing (SG̲áan K̲ínghlas-Bowie Seamount, Hecate Strait/Queen Charlotte Sound 
Sponge Reef MPA and Tang.ɢ̱wan – ḥačxwiqak – Tsig̱is (ThT) MPA) and three proposed 
(Offshore Haida Gwaii, Kitkatla Inlet, and Caamano-North Coast Fjords MPA network zones) 
Oceans Act MPAs (Figure 25-1). Water collection and detailed sampling information is available 
in the Coastal biodiversity survey (PAC2022-036) in Caamaño Sound and Finlayson Channel in 
British Columbia, Canada: 2022 cruise report (Proudfoot et al. 2025). In general, three 1 L 
replicates were collected from all sites when possible. For a subset of sites, water collection was 
paired with either beach seines or collected alongside visual surveys using ROPOS (Niskin 
bottles fitted on ROPOS). Water samples (1 L to 1.5 L) were filtered at each site/depth 
combination, and DNA was extracted from each filter using a modified DNeasy kit (QIAGEN) 
extraction process. Three metabarcoding markers were used for each sample: (1) modified 
MiFish 12S (He et al. 2022) used to detect fish, (2) 16S (McInnes et al. 2017) used to detect 
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fish, and (3) COI (Leray et al. 2013) used as a general marker for invertebrates and marine 
mammals. The TagSteady protocol described in Carøe and Bohmann (2020) was followed to 
tag and multiplex all samples into libraries, which were sequenced on the NovaSeq6000 (2022) 
and NovaSeqX (2023 and 2024) platforms. We designed a bioinformatic workflow for tera-scale 
data, fully detailed in (Proudfoot et al. 2025). Resulting species by site tables were checked for 
spurious results using OBIS (OBIS 2023) and the E-Fauna Atlas of B.C. (Klinkenberg 2021).  

Phase II Methods - Proportion of species detected 

In order to integrate the eDNA tool into ongoing monitoring efforts in the Northern Shelf 
Bioregion, we assessed the proportion of species determined to be conservation priority that we 
have already detected using the tool in B.C.  A list of species determined to be conservation 
priority was generated from Gale et al. (2019) and MPA Network Action Plan (2023). Removing 
birds, a total of 142 species were identified in 13 taxonomic groups. We then calculated the 
proportion of species from this list detected in our 2022 and 2023 biodiversity baseline data 
sets. 

25.3.  Status and trends  

Final data processing steps and lab analyses are underway for 2023, and 2024. Below we 
present sampling results coastwide and preliminary data from 2022 samples from the Caamano 
Sound/North Coast Fjords MPA Network Zones. In Phase I: Rapid Biodiversity Assessment in 
B.C., 1,174 samples from 255 sites across 3 existing and 3 proposed Oceans Act MPAs were 
sampled (Figure 25-1). 

Figure 25-1. Map of sampling sites in 3 MPAs (purple shaded) and 3 Proposed MPAs (green shaded) in B.C. in 2022 
(orange circles), 2023 (blue circles), and 2024 (green circles). Maps B, C, and D are insets shown in map A.  
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Overall number of detections from 2022 included 328 invertebrates species (373 genera, and 
277 families from 13 phyla, 133 fish species (107 genera, 51 families), species at risk (Northern 
Abalone, Sunflower Sea Star), and Aquatic Invasive Species (European Green Crab) (Figure 
25-2). 

 

Figure 25-2: Species richness derived from eDNA metabarcoding of invertebrates (COI marker) and fish (12S and 
16S markers) in Caamano Sound/North Coast Fjords Network Zones from data collected in 2022 sampling. Sites are 
shown in orange in Figure 25-1, Map C.  

Aphrocallites vastus (Cloud Sponge) is a reef building glass sponge. The species was detected 
at 22 sites across 2022 and 2023, with more detections in the deep North Coast fjords than in 
Chatham Sound (Figure 25-3). For some sites, we sampled over areas with geological sponge 
reef signature with known patchy distributions of live sponge reef. Further analyses will compare 
overlaps between visual surveys of live and dead sponge reef with eDNA detections. 
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Figure 25-3. Distribution of Aphrocallistes vastus (cloud sponge) detections from 2022 eDNA results (purple dots) and 
absence in samples (blue pluses). The green highlights are geological signatures of sponge reefs detected from 
multibeam, with only portions being visually ground-truthed. 

Phase II: Results of assessment of eDNA tool for single species priorities of Northern Shelf 
Bioregion MPA Network (Figure 25-4) include, for example, 92/142 (65%) of conservation 
priority species across fish, invertebrates and marine mammals were detected in our dataset 
(Figure 25-4). All 4 priority species of echinoderm, 2 macroalgal species, 4 coral taxa were 
detected; and 3/5 sponge taxa were also detected (Figure 25-4).  

 

Figure 25-4: Number of species detected by eDNA anywhere in B.C. in 2022 or 2023 (darker and with lines) vs. the 
total number of species identified as conservation priorities (lighter colour). Bony Fishes (NRF) = No Rockfish as they 
are in a separate group. 
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There were 40/142 MPA network conservation priority species that we did not detect in our 
dataset. The reason for the majority of species not detected (31/40) could be explained by the 
following three reasons: 1) there is no reference sequence available in public reference libraries 
(n=13); 2) there is a primer mismatch impacting successful amplification of DNA (n=3) or 3) they 
cannot be resolved to species level using current genetic markers (n=15, rockfish group) (Figure 
25-5). The remaining 9 species that should have been detected successfully if we sampled their 
eDNA, are either patchily distributed, not expected in the sampled habitat, or very rare (Table 
25-1). This initial evaluation suggests that our eDNA metabarcoding approach is an efficient and 
effective tool to detect the species level conservation priorities of the NSB Marine Protected 
Area network across diverse ecosystems.  

Table 25-1. A list of species not detected that are potential true negatives (e.g., not explained by the false negative 
reasons in Figure 25-4). The table explains the relative presence or expectation of presence of each species in the 
sampled habitat (see Figure 25-1). 
Bony 
Fish 
 

Pacific Sardine Rare and seasonal 

Albacore Tuna Seasonal in offshore/shelf break areas (undersampled) 

Marine 
Mammals 
 
 

Pacific White Sided 
Dolphin Common in sampled area 

Risso’s Dolphin Present in offshore/shelf break areas (undersampled) 
Sea Otter Patchy presence in sampled areas 
Sperm Whale Seasonal presence in offshore areas (undersampled) 
Minke Whale Very rare 
Sei Whale Very rare 

Sponges Fingered Goblet 
Sponge Patchy presence in sampled areas 

 

25.4.  Next Steps 

Targeted collection of tissues for species without a reference sequence will increase our ability 
to detect priority species. In addition, specific genetic markers can be developed for species not 
well-amplified with these primers, if needed (e.g., marine mammals) and, finally, a rockfish 
specific metabarcoding marker (MiSebastes) will be used to ensure we can differentiate more 
rockfish species going forward. 

Other considerations for operationalizing this tool include expanding to ecosystem-based 
conservation objectives and selecting indicators. A large number of species beyond the 
conservation priorities are also detected, which can be used to calculate biodiversity metrics 
other than the species richness we presented. This may include measures of functional diversity 
and phylogenetic diversity and sampling both inside and outside MPAs. Long term data sets can 
be used to potentially detect changes in biodiversity and to develop indicators for ecosystem 
health and functioning.  

The Canadian Marine DNA Library (https://camdl.ca) is a DFO-led reference database for 
Canadian Marine Organisms.  

Standardizing methods is the next major step before fully implementing any eDNA tool for long 
term operations.  

https://camdl.ca/
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26.  MONITORING DEEP-SEA MARINE PROTECTED AREAS 
Cherisse Du Preez1,2, Aidan Schubert3, Skil Jáada Vanessa Zahner3, Danielle Burrows4, Alison 
Wale4, Irine Polyzogopoulos4, Lindsay Clark2, Ben Snow5, and Heidi Gartner1 
 
1Deep-Sea Ecology Program, Fisheries and Oceans Canada (DFO), Pacific Region, B.C., 
cherisse.dupreez@dfo-mpo.gc.ca, heidi.gartner@dfo-mpo.gc.ca 
2University of Victoria, Victoria, B.C., lclark17@uvic.ca 
3Council of the Haida Nation (CHN), Haida Gwaii, B.C., mpp.marine.bio@haidanation.com, 
aidan.schubert@haidanation.com 
4Nuu-chah-nulth Tribal Council (NTC), Vancouver Island, B.C., 
Danielle.Burrows@nuuchahnulth.org, Alison.Wale@nuuchahnulth.org, 
Irine.Polyzogopoulos@nuuchahnulth.org 
5Non-Destructive Survey Tools, DFO, Pacific Region, B.C., ben.snow@dfo-mpo.gc.ca 

26.1.  Highlights 
• New findings reveal rapid degradation in cold-water corals and sponges in 3 to 6 years, 

linked to ocean deoxygenation and acidification.  

• The outlook suggests climate change could lead to local extirpation of conservation 
species in a matter of years, highlighting the urgent need for monitoring. However, 
uncertainties in monitoring plans remain despite strong regional capacity.   

• The number and area of designated and proposed deep-sea Marine Protected Areas 
(MPAs) has surged from 1 (6,103 km2) to 12 (160,872 km2), a >25-fold increase in area.  

• A successful and collaborative 2024 expedition explored 3 areas and established or re-
surveyed a dozen long-term monitoring sites. 

• The ‘Biophysical and Ecological Overview’ (Gartner et al. in review) underscores the 

Tuzo Wilson Seamount Complex (TWSC) is unlike any other marine feature known to 
science (e.g., paired hydrothermal recharge-discharge seamounts heating a deep-sea 
skate nursery with millions of giant eggs that take years to a decade to incubate). 

26.2.  Extended Abstract 

New time-series data show a strong trend of declining cold-water coral and sponge abundance 
and condition over a very short timeline (Figure 26-1). The most significant losses were 
associated with transitional zones. For example, there was an 88% loss of Pinulasma nov. sp. 
(83% of glass sponges) in “Spongetopia” on Explorer Seamount on the edge of the Oxygen 

Minimum Zone at 800 m (<5 years in the Tang.ɢwan – ḥačxwiqak – Tsig̱is, TḥT, MPA), and a 
28% loss of Red Tree Coral (Primnoa pacifica) on SG̲áan K̲ínghlas-Bowie (SK̲-B) Seamount at 
the shoaling calcium carbonate saturation horizon at 340 m (<6 years). These vulnerable depths 
were predicted by Ross et al. (2020) and identified for monitoring by Du Preez et al. (2024). It 
was anticipated that a decline would occur over a century—however, our time-series data are 6 
years or less (analyses ongoing). These rapid changes challenge the convention of infrequent 
monitoring in the deep (where the environment is naturally “stable” and animals can be 
extremely long-lived). In comparison, other species at other depths appear “stable” for the time 
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being, with positive conservation examples including refuge for the critically endangered 
Sunflower Seastar (Pycnopodia helianthoides) in SK̲-B MPA and the newly discovered giant 
Pacific White Skate (Bathyraja spinosissima) and Boreal Skate (Ambylraja hyperborea) nursery 
ground atop a venting summit in the TWSC (Gartner et al. in review). Notably, the 2024 data 
confirms the TWSC is a pair of hydrothermal recharge-discharge seamounts which is only the 
4th time this has been discovered globally, and–with an estimated 2.1 million eggs requiring 5 to 
10 years incubation–the geothermally heated nursery is a globally unique discovery.  

Unfortunately, there are currently no DFO-led offshore expeditions planned for 2025 or beyond 
(i.e., uncertainties around ship time and funding), although the region has the expertise and 
capacity (i.e., co-managing First Nations, DFO Deep-Sea Ecology Program, DFO Non-
Destructive Survey Tools Program). Yet, over the last year, the required monitoring of 
designated and proposed deep-sea Marine Protected Areas (MPAs) has surged. In the past, 
our SOPO report has focused on SK̲-B MPA (6,103 km2 est. 1997 and 2008) but will now also 
include the TḥT MPA (133,017 km2 est. July 2024), Offshore Haida Gwaii Network Zones 
(OHGNZ: 7 proposed MPAs covering 3,975 km2), Tuzo Wilson Seamount Complex (TWSC; 
3,640 km2) and West Coast Vancouver Island (WCVI) Cold Seeps (14,137 km2) study areas, 
plus the small q̓áuc̓íwísuxv coral reef (fisheries closure est. March 2024). This is a >25-fold 
increase in surface area alone. 

In August 2024, representatives from the Council of the Haida Nation (CHN), the Nuu-chah-
nulth Tribal Council (NTC), and Fisheries and Oceans Canada (DFO) partnered on the 
successful NorthEast Pacific Deep-sea Exploration Project (NEPDEP) expedition to the SK̲-B 
MPA, OHGNZ, TWSC, and one of the glass sponge reef MPAs. 13 long-term monitoring sites 
were established or resurveyed (current n = 44; method details in Du Preez et al. 2024).  
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Figure 26-1. Declining abundance and condition of cold-water corals (pink), glass sponges (yellow), and both (blue) 
at ten deep-sea monitoring sites over the past six years, between 350 and 1599 m depth (coloured area = present 
and healthy, grey = degraded, black = dead). The area represents the abundance percentage at the establishment 
(starts at 100%, could increase with population growth, but only declines). The value (right side of the area) shows 
the total percentage loss of healthy individuals (i.e., degraded + dead). Sites on SG̲áan K̲ínghlas-Bowie (SK̲-B), 
Dellwood, Explorer, and the Tuzo Wilson Seamounts. 
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27.  PACIFIC HERRING IN BRITISH COLUMBIA, 2024 
Jaclyn Cleary, Sarah Power, Matt Grinnell, Ashley Burton, Matt Thompson, Fisheries and 
Oceans Canada, Pacific Biological Station, Nanaimo, B.C.,  Jaclyn.Cleary@dfo-mpo.gc.ca 

27.1.  Highlights 
• In recent years, following a declining trend from approximately 1980 to 2010, weight-at-

age for all B.C. stocks of Pacific Herring have remained unchanged.  

• Total B.C. coastwide spawning biomass summed across the 5 major stocks increased 
during 2010-2024; however, this varies among assessed stocks. In 2024, the majority of 
the total herring biomass in B.C. occurred in the Strait of Georgia (SOG) and West Coast 
of Vancouver Island (WCVI); WCVI has increased since 2020.  

 

27.2.  Summary 

In B.C., Pacific Herring are managed as five major 
stocks (SOG; WCVI; Prince Rupert District, PRD; 
Haida Gwaii, HG; and Central Coast, CC), and two 
minor stocks (Area 2W and Area 27) (DFO 2025a, b; 
Figure 27-1). For each stock, Pacific 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.), 
Pacific Herring spawn survey data (spawn index), and 
commercial harvest data (DFO 2025a, b).   

27.3.  Status and trends 

In all five major Pacific Herring stocks there was a 
declining trend in weight-at-age from the 1980s 
through to 2010, with a leveling off in recent years 
(Figure 27-2). Since 2000, the HG stock continues to 
exist in a low biomass, low productivity state (Figure 
27-3), fluctuating above and below the limit reference 
point (LRP) and does not show signs of a rebuilding 
trend (DFO 2025b). The estimated stock biomass for 

PRD is above the LRP and increased in 2019, and 2021-2024. The CC survey biomass is 
above the LRP; with an increasing trend from 2015-2020 and declining trend from 2021-2024 
(DFO 2025b). The SOG spawning biomass is above the LRP and has fluctuated above and 
below the long-term average unfished spawning biomass, B0, for the last 10-years, since 
increasing from 2010 (DFO 2025a; Figure 27-3). WCVI stock biomass increased since 2020 
and currently above the LRP (DFO 2025b; Figure 27-3).    

Figure 27-1.  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. 
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Figure 27-2. Observed weight-at-age 3 (circles) and five-year running mean weight-at-age 3 (dark line) for major 
Pacific Herring stocks, 1951 to 2024. 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 (2025b). 

27.4. Factors influencing trends in herring biomass 

Common trends in Pacific Herring weight-at-age observed for all B.C. stocks suggests that 
large-scale factors may be influencing Pacific Herring growth. Changes in environment, food 
supply and quality, predator abundance, and competition are factors that could affect trends in 
Pacific 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 
species that have a lower energetic value, creating poorer feeding conditions for Pacific Herring 
(Schweigert et al. 2010; Mackas et al. 2004). 
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There are a wide variety of Pacific 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). Pacific 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 Pacific 
Sardines (Godefroid et al. 2019). 

27.5. Implications of trends  

Trends in Pacific 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 procedures (MP) to one-year forecasts of biomass over a 15-year future 
projection using an operating model framework. All TAC options reflect MPs that meet the 
conservation objective of avoiding the LRP with a minimum 75% probability over the specified 
15-year projection period.  

Trends in Pacific Herring biomass have implications for their predators, such as fish, marine 
mammals and seabirds. The relative importance of Pacific Herring in each predator’s diet 

varies; however, Pacific 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, 
Pacific Herring abundance and condition may affect predators’ growth and abundance. Predator 

consumption rates of WCVI Herring show strong mechanistic links to modelled natural mortality 
rates for WCVI Herring, whereby Humpback Whales currently have the highest Herring 
consumption rates (Doherty et al. 2024). 

Time series of diets of animals for each stock area would further improve our ability to examine 
temporal trends in predator-prey interactions and implications of those trends.  
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Figure 27-3. Pacific Herring spawning biomass, 1951- 2024 for the five major stocks. For HG, PRD, CC and WCVI: 
Black lines with surrounding grey envelopes represent medians and 5-95 % credible intervals. The projected 
spawning biomass given zero catch is shown at the far right (solid circle and vertical lines). Time series of vertical 
bars denote commercial catch (excluding commercial spawn-on-kelp; colours indicate different gear types). Red line= 
limit reference point (0.3B0), where B0 = average unfished spawning biomass. Blue-shading denotes productive 
years used to calculate the USR (blue line). Pacific Herring spawning biomass for SOG is presented as the ensemble 
operating mode status (black line, with 95% credible interval (grey shading)); red line= limit reference point (0.3B0); 
green line= USR for the productive period; black dashed line= B0. Operating model status is updated every 3-years. 
Figure adapted from DFO 2025a for SOG and from DFO 2025b for HG, PRD, CC and WCVI. 
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28.  PACIFIC HERRING SUMMER DISTRIBUTION AND ABUNDANCE 
ON THE VANCOUVER ISLAND CONTINENTAL SHELF  

Jennifer Boldt, Chris Rooper, Hilari Dennis-Bohm, Jackie King, Amy Tabata, Kelsey Flynn, Tyler 
Zubkowski, Kelsey Dougan, Sebastian Pardo, and Linnea Flostrand 

Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C., Jennifer.Boldt@dfo-
mpo.gc.ca 

28.1.  Highlights  
• In July 2024 off the west coast of Vancouver Island, Pacific Herring biomass was the 2nd  

highest in the time series, 2006-2024, with the highest biomass off the southwest coast. 

28.2.  Description of the time series  

Since 2017, the Integrated Pelagic Ecosystem Science (IPES) survey has been conducted to 
study the structure and function of the pelagic ecosystem on the Vancouver Island continental 
shelf (< 200 m bottom depth), during the summer (see King et al. 2019; Boldt et al. 2020; Boldt 
et al. 2024). 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 that has 8 strata, 
defined by depth and biological communities. Each survey year, a subset of blocks is randomly 
selected (allocated by strata sizes) and a midwater trawl net is 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) is estimated as species’ catch weights divided 

by swept volume (product of net mouth opening height, width, and distance towed). Two 
products of this survey are Pacific Herring biomass and distribution, which are the focus of this 
summary. To extend the time series, Pacific Herring biomass was estimated using a spatio-
temporal model (Anderson et al. 2022) that combined IPES data with historic night-pelagics 
survey data (2006-2014; see Flostrand et al. 2014), while accounting for important variables, 
such as daytime or nighttime trawl sets and gear depth. In 2024, the survey was conducted from 
June 24 to July 23, 2024. 

28.3.  Status and trends 

Pacific Herring dominated the catches and represented 65% of the total survey catch weight. 
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. Areas of highest CPUE were located 
off the southwest coast of Vancouver Island (Figure 28-1). In 2024, Pacific Herring biomass, 
estimated using nighttime trawl tows, was the 2nd highest in the time series at 130,224 t (Figures 
28-1 and 28-2). New in 2024, were several relatively large daytime catches of herring (Figure 
28-2). 
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Figure 28-1. Pacific Herring biomass, as estimated with a spatio-temporal model, in the night pelagics (2006-2014) 
and Integrated Pelagic Ecosystem Science surveys (2017-2024) (nighttime data only). 
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Figure 28-2. Pacific Herring biomass, as estimated with a spatio-temporal model, in the night pelagics (2006-2014) 
and Integrated Pelagic Ecosystem Science surveys (2017-2024). Modeled biomass estimates are shown for daytime 
trawl tows (red) and nighttime trawl tows (blue). 

28.4.  Factors influencing trends  

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 
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 on the west coast of Vancouver Island, including 
Pacific Hake, Lingcod, Pacific 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). At the margins of Pacific Hake and Pacific Herring 
aggregations, consumption of Pacific Herring by Pacific Hake may be high (Ware & McFarlane 
1986, 1995) and 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). 

28.5.  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, 
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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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29.  2024 JUVENILE SALMON SURVEYS ON THE CONTINTENTAL 
SHELF OF VANCOUVER ISLAND 

Jackie King, Amy Tabata, Sebastian Pardo, Kelsey Flynn, Hilari Dennis-Bohm, Yeongha Jung, 
Lana Fitzpatrick, and Jennifer Boldt 

Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C. Jackie.King@dfo-
mpo.gc.ca 

29.1.  Highlights  
• Juvenile Pacific salmon abundance was average in summer and fall with two exceptions. 

Chinook Salmon and Chum Salmon abundances in fall were below average. These are 
Chinook Salmon originating mainly from west coast Vancouver Island. The Chum 
Salmon are mainly from the Strait of Georgia, including Fraser River stocks. 

• Sockeye Salmon relative abundance in summer and fall remain improved from 2021 and 
2022, although both estimates are considered average abundance. The Sockeye 
Salmon in summer originate from west coast Vancouver Island and in fall they originate 
from the Strait of Georgia. 

• Juvenile Pacific salmon condition in summer and fall was also average, again with two 
exceptions. Chinook Salmon in fall were fatter than normal, i.e., had above average 
condition. Coho Salmon in summer were also fatter than normal. 

29.2.  Description of the time series  
Summer Integrated Pelagic Ecosystem Survey on the continental shelf of Vancouver Island 

Since 1998, juvenile Pacific 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 beyond the shelf-break and into coastal inlets. In 2017, the survey design 
was switched to a stratified, random design (King et al. 2019). 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) since 
2018. Since 2017, 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 (km3) are comparable (Anderson et 
al. 2019). In 2024, 136 tows were completed on the continental shelf from Queen Charlotte 
Sound to the mouth of Juan de Fuca (King et al. 2025). 

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

Fall surveys for juvenile Pacific 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 

mailto:Jackie.King@dfo-mpo.gc.ca
mailto:Jackie.King@dfo-mpo.gc.ca


159 
 

used. In 2024, 72 tows were completed on the continental shelf from Queen Charlotte Sound to 
the mouth of Juan de Fuca, including associated sounds off the west coast of Vancouver Island 
(Tabata et al. 2025). 

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 effort, and 
include impacts from headrope depth, diurnal vs. nocturnal sampling, and changes in summer 
survey design (Freshwater et al. 2024). The model can provide estimates for years where no 
surveys were completed, and can also accommodate incomplete surveys (e.g., fall 2023); 
however, these estimates should be interpreted with caution. Length and weight data were used 
to estimate species-specific length-weight regressions across years with annual weight 
residuals presented to represent condition for the summer survey only since the fall survey was 
not completed in its entirety. 

29.3.  Status and trends 
Relative abundance 

The Abundance Indices (log) derived from seasonal and species-specific geostatistical models 
(Figure 29-1) indicate that juvenile Pacific salmon abundance in summer and fall were average 
(i.e., 95% confidence intervals overlap long-term average values), with two exceptions. Chinook 
Salmon and Chum Salmon in the fall were below average. The 95% confidence intervals 
associated with the 2024 Abundance Index for fall caught Chum Salmon marginally included the 
average values, but the index value was one of the lowest in the time series (Figure 29-1). Of 
note is the sustained improvement in summer Sockeye Salmon index which, while only 
average, remains substantially higher than the historical low summer index values estimated in 
2021 and 2022 (Figure 29-1). The 2024 fall Sockeye Salmon index is also average, but 
continues an increase in abundance estimates since 2022 (Figure 29-1) 

Condition 

The 2024 median and quartile ranges of weight residuals for summer caught Coho Salmon and 
fall caught Chinook Salmon were above average (Figure 29-2) indicating these juvenile salmon 
were fatter than normal. 
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Figure 29-1. 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.  Dashed lines indicate the long-term averages. 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. Fall estimation for 2023 based on reduced survey area. See Freshwater et al. (2024) for 
estimation methods.   
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Figure 29-2. Box plots of weight residuals calculated from species-specific length-weight regressions (all years and 
seasons 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.  

29.4.  Factors influencing trends  

The relative abundance of juvenile Pacific 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. For example, Coho Salmon and Chinook Salmon feed 
primarily on fish, notably on Pacific Herring, which has increased in biomass off the WCVI since 
2006-2009 (Boldt et al., Section 28), a period with below average condition for these two 
species.   

29.5.  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 Salmon and Pink Salmon 
returning in 2025; stream-type Chinook Salmon and Sockeye Salmon returning in 2026; and 
ocean-type Chinook Salmon and Chum Salmon returning in 2027. Genetic stock identification 
from previous surveys provide a general indication of regional origins of the salmon 
encountered. The above average condition of Chinook Salmon in summer applies mainly to 
stream-type Columbia River stocks returning predominantly in 2026. The above average 
Abundance Index in summer and fall for Chum Salmon apply predominately to WCVI stocks 
(summer) and Strait of Georgia stocks (summer and fall) returning in 2027. The above average 
condition of Coho Salmon in summer applies to west coast stocks (Vancouver Island, 
Washington State, Columbia River) and Puget Sound stocks returning in 2025. The above 
average Abundance Index fall for Coho Salmon apply to stocks originating from WCVI, Strait of 
Georgia and Puget Sound returning 2025. The improved Abundance Index and above average 
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condition for Sockeye Salmon in summer most likely apply to WCVI stocks that will return in 
2026. There are insufficient genetic stock identification results from previous surveys to indicate 
the dominant region of origin for Pink Salmon encountered. 
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30.  TRENDS IN PACIFIC CANADIAN GROUNDFISH STOCK STATUS 
AND SURVEYS 

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

30.1.  Highlights 
• Average groundfish stock status declined from 1950 to around 2000, and following 

management changes, has remained relatively stable since then. 
• In 2024, Petrale Sole and Bocaccio were estimated to be above their Limit Reference 

Point (LRP) and above their Upper Stock Reference (USR) with very high probability 
(>99%). Arrowtooth Flounder was estimated to be above its LRP with very high 
probability and above its USR with neutral to moderately high probability (50–75%). 
Outside Pacific Spiny Dogfish was estimated to be below its LRP with very high 
probability. 

• Over the last two decades, survey indices increased for ~71% of stocks, remained 
neutral (<1% change per year) for ~11%, and declined for ~18% stocks. 

• All assessed shelf rockfish (Bocaccio, Canary, Redstripe, Silvergray, Widow, Yellowtail) 
and several slope rockfish increased in surveyed biomass over the last 6 - 8 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 Pacific Spiny Dogfish stocks had the steepest declines across all 
stocks—particularly for the outside stock—despite low fishing pressure compared to 
historical levels. 

30.2.  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 2024, the HBLL outside south, HBLL inside 
south, synoptic WCVI, synoptic WCHG, and Sablefish surveys were run. 

Stock assessments for major fish stocks in B.C. 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 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 
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population status, assessments are time and labour intensive and therefore frequently lag 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 2024, and (2) we develop model-based indices from relevant surveys for all 
assessed stocks, as well as stocks with outstanding requests for Science Advice. 

30.3.  Description of the time series 

We gathered Bayesian posterior distributions of estimated biomass from assessments for 28 
stocks, including four updated assessments (coastwide Arrowtooth Flounder, coastwide Petrale 
Sole, outside Pacific Spiny Dogfish, coastwide Bocaccio). 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 (see Anderson et al. 2021). 

For these 28 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 (44 total stocks), we combined regional surveys that used the same gear and protocols. 
We then fit spatiotemporal models to survey abundance or biomass density with the R package 
sdmTMB to derive standardized biomass and abundance indices (Anderson et al. 2025a) and 
scaled the indices to the existing stock assessment population trends based on overlapping 
years. Data and code to reproduce our analysis are available at https://github.com/pbs-
assess/gftrends. 

30.4.  Status and trends 

Across all stocks, there was a decline in average stock status until approximately 2000 
(Figure 30-1). 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 2024 to 
be 4.0 (95% CI: 3.3–4.8). The overall mean B/USR and B/BMSY (biomass divided by biomass 
at maximum sustainable yield) in 2024 was 1.9 (95% CI: 1.6–2.3) and 1.9 (95% CI: 1.6–2.4), 
respectively (Figures 30-1 and 30-2). 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 30-3). 
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Figure 30-1: Overall mean biomass status across all stocks for B/LRP, B/USR, and B/BMSY (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 30-2). Of the stocks with full posterior distributions available, inside (4B) 
Lingcod, inside Quillback Rockfish, Pacific Cod 3CD, and outside Pacific Spiny Dogfish were 
the only stocks with 5% or greater posterior density below their LRP (Figure 30-2). 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). Meanwhile, 6/28 of the stocks in 
Figure 30-2 had ≥ 25% probability of being below their USR. 

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 ~6-8 years (Figure 30-3). 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 30-3). Trends among the skates generally appeared stable or positive. Pacific 
Spiny Dogfish stocks, however, experienced the steepest declines of all stocks (Figure 30-3), 
with a particularly steep decline in outside Vancouver Island waters. 



166 
 

 

Figure 30-2: Posterior distribution of the two measures of stock status for 28 assessed stocks (Edwards et al. 2011, 
2013; Edwards et al. 2014; DFO 2015, 2019, 2020b, 2020c, 2020d, 2022b; Holt et al. 2016a, 2016b; Starr et al. 2016; 
Starr and Haigh 2017, 2021a; DFO 2021; Starr and Haigh 2021b; Starr and Haigh 2023; DFO 2023a; DFO 2023b; 
DFO 2023c; DFO 2024a, 2024b; DFO 2025a, 2025b; Huynh et al. 2024; Anderson et al. 2025b, Mazur et al. 2025). 
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 compress high ratio values for visualization. 
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Figure 30-3: Trends for 44 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 30-2 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 2023. 

 

 



168 
 

30.5.  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). More recently, however, monitoring 
requirements for groundfish trawl vessels have changed. Since April 2020, no at-sea observers 
have been deployed on groundfish trawl vessels. Instead, groundfish trawl vessels require an 
Electronic Monitoring (EM) system to meet the 100% at-sea monitoring requirement (Fisheries 
and Oceans Canada 2025). 

Other patterns may be driven by species interactions and/or climatic effects. For example, 
Pacific Spiny Dogfish are not currently targeted commercially and used to be caught in higher 
numbers—the reason for their survey declines is not clear and is currently a subject of research 
(Davidson et al. 2025). Possibilities include legacy effects of fishing, increases in predation, and 
climate-driven redistribution (Anderson et al. 2025b; Davidson et al. 2025). 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). Recent oceanographic conditions are 
hypothesized to have negatively affected spawning habitat and resulted in 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 rockfish species due to high recruitment around 2016—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). 

30.6.  Implications of those trends 

The Sustainable Fisheries Framework and the Fish Stocks provisions of the Fisheries Act 
require that “major stocks” be maintained above their LRP with high probability (≥75% if subject 

to the Fish Stocks provisions). Four stocks had ≥5% probability of being below their LRP as of 

their last assessment and none are currently a major stock under the Fish Stocks provisions. 
Roughly one-fifth of assessed stocks had ≥25% probability of being in the cautious zone where 

removals should be progressively reduced to avoid reaching the LRP. Rebuilding plans for 
stocks in the critical zone and precautionary management for those in the cautious zone are 
intended to support stock recovery. These efforts may be more effective when combined with 
favourable environmental conditions. 
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  31.  PACIFIC HAKE INSIDE AND OUT: TRENDS IN THE SALISH SEA 
POPULATION OF PACIFIC HAKE (MERLUCCIUS PRODUCTUS) AND
  AN  UPDATE ON THE COASTAL MIGRATING STOCK

Stéphane Gauthier and Chelsea Stanley

Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C.
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31.1.  Highlights
• Inside hake population continue to increase since 2010, with survey estimated biomass 

for age-2+ of 34,216 metric tons for 2024 in the Strait of Georgia core strata.

• For the migrating hake stock, the Canadian commercial fishery had its lowest landings in 
history, with less than 4,000 tons caught and a mere 2.7% quota attained for 2024.

31.2.  Description of the time series

In B.C. there are two distinct populations of Pacific Hake (Merluccius productus): 1. local stocks
(also referred as “inside hake”) are found in the Strait of Georgia (SOG) as well as the inlets and

sounds along the coast and 2. a migrating stock (also referred to as “outer-coast hake”) ranges 
from southern California to northern B.C.  (25-55° N). The populations of Pacific Hake found in 
the Salish Sea and inside waters are genetically distinct from the migrating stock (Iwamoto et al.
2004; King et al. 2012;  Longo et al. 2024).

The SOG is an important spawning, nursery and rearing ground for many fish taxa, among 
which Pacific Hake and Walleye Pollock (Theragra chalcogramma) are the two most abundant 
demersal species. Usually, hake adults migrate into the central-southern SOG in preparation for
spawning in early winter, and then aggregate in the deep basins (> 200m) to spawn around late 
February to May (McFarlane and Beamish  1985). Acoustic-trawl surveys have been conducted 
sporadically since the 1970s and annual surveys began again in February-March of 2023 and 
2024. Over the past thirty years, the operating acoustic system has transitioned from BioSonics 
to dual-frequency EK500 in 1995, and then to multi-frequency EK60 in 2009 and EK80 since 
2020, which allows increased dynamic range, as well as improved fish detection and separation
between marine nekton and zooplankton. Recent surveys covered the core area of the SOG as 
well as 6 other strata; Saanich inlet to the south, the Desolation Sound area to the north
(covering waters in  between Quadra, East and West Redonda, and Cortes Islands), as well as 
Bute, Toba, and Jervis inlets and Howe Sound. The survey design includes a series of parallel 
transects within the core area (with ~5 nmi spacing), and zig-zags transects in the narrower 
straits, inlets, and sounds. The survey was designed to cover the areas where bottom depth 
exceeds 50 m. Based on catch data and camera video, acoustic backscatter recorded along 
survey transects were classified and partitioned into species aggregations, integrated to
acoustic density estimates, and eventually converted to biomass estimates over survey area 
using established species-specific target strength (TS) to length models (Traynor 1996).

The outer coast migratory stock is thought to spawn mainly off of the southern to central 
California coast during January to March (Saunders and McFarlane 1997). Adults migrate north 
in the spring and, by summer, can be detected in large aggregations from  northern California to 
the northern end of B.C., with distributions sometimes exceeding these boundaries. Size and
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age generally increase with increasing latitude during the migratory season. The Pacific Hake 
fishery is one of the largest fisheries on the west coast of the U.S. and Canada. The joint U.S. 
and Canadian integrated acoustic-trawl survey is the primary fishery-independent source of data 
used to assess the distribution, abundance and biology of the Pacific Hake population (see 
Edwards et al. 2022). The survey was completed on a triennial basis during 1995-2003, when 
the decision to switch to a biennial basis was made; there was an additional survey in 2012. 
There were no surveys in 2024, so we are reporting here on numbers from the 2024 commercial 
fishery and the recent stock assessment (Johnson et al. 2025). 

31.3.  Status and trends 

The hake biomass estimates in the SOG were at similar level (> 65,000mt) between 1981 and 
1988, while the biomass dropped from ~60,000 mt in 1996 by half (~30,000 mt) in 1998. The 
anomalously high biomass estimate in 1993 was probably an overestimate due to inclusion of 
plankton backscattering (Keiser et al. 1999). Early estimates of this time-series likely included 
some juvenile Pacific Hake (age-1) in the biomass estimates, while those are accounted for 
separately in future surveys (similar to the acoustic survey estimates for the migrating stock). In 
the 2010s, hake biomass for age-2+ was at historical low level of approximately 7,178 mt in 
2011, but rose up to over ~20,000 mt in 2014 and 2016, and to almost 30,000 mt in 2023. The 
estimated biomass of age-2+ in 2024 was at 34,216 mt (Figure 31-1). 

 
Figure 31-1. Biomass time-series for Strait of Georgia Pacific Hake age-2+. 

Distinct north-south separation in spatial distribution of Pacific Hake and Walleye Pollock 
appeared in the SOG. More specifically, the biomass of Pacific Hake displayed largely 
consistent spatial distributions over the central-northern SOG, with higher biomass near the 
north tip of Texada Island for adults (Figure 31-2). For juveniles (age-1 hake), aggregations 
were limited to Malaspina Strait, as well as Jervis and Toba Inlets (Figure 31-2). Walleye 
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Pollock distribution was mainly constricted in central-southern SOG with the highest biomass 
south of the Fraser River (Figure 31-2). 

 
Figure 31-2: Distribution of acoustic density, expressed as Nautical Area Scattering Coefficients (m2 Nmi-2) of age-2+ 
Pacific Hake (left panel), age-1 Pacific Hake (upper right panel) and Walleye Pollock (lower right panel) within the 
Strait of Georgia. Note that NASC values are proportional to the circle size and that scales differ for age-1. 

For the migrating stock of Pacific Hake, distribution has been variable over the history of the 
joint US-Canada survey, with the widest distribution seen in 1998. In 2023, the distribution in 
Canadian waters was confined off the southern half of the west coast of Vancouver Island, with 
less than 3% of the estimated biomass of adult Pacific Hake (age-2+). This was the lowest 
proportion (and biomass) of the time series for two consecutive surveys (2021 and 2023). In 
2024, the commercial catch for Pacific hake were at their lowest in history, with a total catch in 
Canada of 3,928 mt and a quota attainment of 2.7%. This was despite a relatively healthy 
estimate of the population from the stock assessment, which put the median estimate of female 
spawning biomass at the start of 2025 at 1,223,070 mt (Johnson et al. 2025). 

31.4.  Factors influencing trends  

For the SOG stock, the drop in biomass in 1998 and the low estimates in 2011 were associated 
with warm ocean conditions. This time-series, however, contains many gaps and was only 
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recently re-instated, and continued observations will be necessary to study the local stock 
dynamics and to explore their links to local oceanographic conditions. 

For the migrating stock, it has been observed that during warm ocean conditions (such as the 
1998 El Niño event) a larger proportion of the stock migrates into Canadian waters, apparently 
due to intensified northward transport (Agostini et al. 2006). This was also observed in 2015 
(with the so-called warm “Blob”), although the distribution did not extend much beyond the 

northern tip of Vancouver Island. The proportion of Pacific Hake that migrated into Canadian 
waters in 2017 was over 27% and the largest observed since 2005, while in 2019 the proportion 
in Canadian waters was only 11%. In 2021 this proportion was less than 5%, and again in 2023 
it was less than 3%, the two lowest of the time series. The record low commercial catches in 
Canada for 2024 appear to continue this decreasing trend, which is, at least in part, due to the 
lack of larger and older fish in the population (since larger and older fish tend to migrate further 
north). The increasing trend of hypoxic events along the shelf break in B.C. and along the 
Washington and northern Oregon state may also affect the movement of fish during their 
northward migration. 

31.5.  Implications of those trends   

The local population of Pacific Hake within the SOG increased and appears to be doing fine with 
increasing densities. Continued assessment of this stock will be necessary to investigate the 
potential effects of warming ocean conditions and other environmental factors. The lack of outer 
coast Pacific Hake migrating into Canadian waters continues to be a concern and a challenge 
for the Canadian fishing industry. Recent trends in distribution suggest that temperature alone 
may not be a good predictor of Pacific Hake northward migration extent, but that other 
mechanisms (such as the source and onset of warming conditions) have differential effects on 
poleward currents, distribution and availability of prey, or other factors influencing the 
distribution of these fish. Hypoxia events encountered along the coast may also affect the 
distribution or the migration dynamics. 
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32.  SEABIRD OBSERVATIONS ON THE B.C. COAST IN 2024 
Mark Hipfner, Environment and Climate Change Canada, Wildlife Research Division, Pacific 
Wildlife Research Centre, Delta, B.C., Mark.Hipfner@canada.ca  

32.1.  Highlights  
• For just the third time in the 1996-2024 time series, diets fed to nestling Cassin’s Auklets 

on Triangle Island in the second half of June were without the copepod Neocalanus 
cristatus, their most important prey. 

• Diets fed to nestling Rhinoceros Auklets on Pine Island in southern Queen Charlotte 
Sound and on Lucy Island in Chatham Sound included normal amounts of Pacific Sand 
Lance and Pacific Herring in 2024.  

32.2.  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 in 
recent years 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 2024 were 
quantified at Pine, Lucy, and Moore islands.  

32.3.  Status and Trends 
Diets fed to Cassin’s Auklet nestlings 

In 2024, for just the third time since 1996, the subarctic copepod Neocalanus cristatus was 
completely absent from Cassin’s Auklet nestling diets in late June (Figure 32-1). 

Diets fed to Rhinoceros Auklet nestlings 

In 2024, diets fed to nestling Rhinoceros Auklets on Pine Island in southern Queen Charlotte 
Sound and on Lucy Island in Chatham Sound included normal amounts of Pacific Sand lance 
(Ammodytes personatus) and Pacific Herring (Clupea pallasii), compared to an existing (2006-
2022) time series (Figure 32-2). Salmon smolts also were present in near-normal amounts.   
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Figure 32-1. Proportion of Neocalanus cristatus in diets fed to nestling Cassin’s Auklets in the second half of 

June,1996 to 2024. 
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Figure 32-2. Species composition (by number) of the diets delivered to nestling Rhinoceros Auklets on 2 colonies in 
B.C. in 2006-2024. 

32.4.  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). 

32.5.  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.      
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On their northerly seaward migration, the vast majority of Pink Salmon (Oncorhynchus  
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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33.  INTER-ANNUAL VARIATION IN MARINE BIRD COUNTS WITHIN 
THE HARO STRAIT REGION OF THE SALISH SEA: 2015-2024 

Bertram, D.F.1, O’Hara, P.D.2, Pastran, S.1, Pattison, V.1, Golat, R.1, Reidy, R.1, Faust, K.4, 
Vennesland, R.3 

 

1Environment and Climate Change Canada, Wildlife Research Division, Delta, B.C., 
Doug.Bertram@ec.gc.ca  
2Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C. 
3Environment and Climate Change Canada, Canadian Wildlife Service, Delta, B.C. 
4 Contractor 

33.1.  Highlights 
• Rhinoceros Auklet  and Ancient Murrelet are predictable seasonal visitors to the Salish 

Sea in summer and winter, respectively.  

• Mean annual densities of Rhinoceros Auklet in 2022-2024 were half the peak observed 
in 2019; conversely mean annual densities of Ancient Murrelet were the 2nd highest 
2023-2024 in the 2015-2024 time series.  

33.2. Description of time series 

The areas around Sidney and Victoria, B.C. have long been recognized as key marine bird 
habitats with Migratory Bird Sanctuaries, Important Birds Areas, Parks, and Ecological Reserve 
designations. On February 22, 2019, the National Energy Board (now the Canada Energy 
Regulator) submitted its Reconsideration Report to approve the Trans Mountain Expansion 
(TMX) project, to twin the pipeline to carry Bitumen 
from Edmonton, Alberta, to Burnaby, B.C. The report 
had 156 conditions and 16 non-binding 
recommendations. Tanker vessel traffic was 
expected to rise by 7 fold. To mitigate shipping 
related impacts on birds, Environment and Climate 
Change Canada adopted Recommendation 3 to 
“Implement a marine bird monitoring and protection 
program to improve the understanding of the 
impacts to marine birds from ships in the Salish 
Sea”. 

In 2015, in anticipation of the pipeline developments, 
we initiated a marine bird at-sea monitoring program 
with cruises between Sidney to Victoria, B.C. We 
chartered a Workboat (FV Misty Lady) and 
conducted 200 m strip transect surveys with a 
trained bird observer on the starboard side of the 
vessel.  The route had an ‘inside’ track heading 

south and an ‘outside’ track on the return leg for a 

total of 85 km, which took about 7 hours to complete 
(Figure 33-1).  We recorded all bird species, plus 

Figure 33-1.  Marine survey route between 
Sidney and Victoria B.C., showing the 
general area of estimation of bird numbers 
and density (from Bertram et al. 2023). 

mailto:%20Doug.Bertram@ec.gc.ca
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time and location at 10 minute intervals. From 2015-2024 we conducted semi-monthly, year-
round surveys, to form the basis of our time series.   

Here we report inter-annual patterns in density for two alcid species which are seasonal visitors. 
Rhinoceros Auklet (Cerorhinca monocerata) breed nearby on Protection Island, WA, and are 
predictable visitors to our study area during summer breeding, feeding on forage fish. Ancient 
Murrelet (Synthliboramphus antiquus) predictably visit the Salish Sea in winter during the non-
breeding season and consume primarily euphausiids, but also juvenile Pacific Herring (Clupea 
pallasii).  

33.3. Status and Trends 

For each year, we averaged densities of Rhinoceros Auklets from May, June, July, and August 
to produce annual summer estimates (Figure 33-2).  For Ancient Murrelet we averaged 
densities from November, December, January and February to produce annual winter estimates 
(Figure 33-2).  Restrictions on field work due to Covid 19 resulted in few monthly surveys in 
2020 and 2021. 

For the Rhinoceros Auklet, the largest densities were observed in 2019 with an estimate of 87 
birds/km2 (Figure 33-3). The last three years, including 2024, have had similar low densities of 
around 25 birds/km2.  For the Ancient Murrelet, the highest densities (38 birds/km2) were 
observed in 2023, but 2024 was a close second (32 birds/km2; Figure 33-3).  

33.4. Factors Influencing Trends 

Seabird population status is measured on breeding colonies, and we expect that the interannual 
variation in bird densities shown here reflects local interannual variation in prey availability. The 
Haro Strait region contains Pacific Sand Lance (Ammodytes personatus) subtidal habitat and is 
considered to be a climate refugium during the summer (Robinson et al. 2024). The predictable 
presence of Rhinoceros Auklets during summer is likely linked to the availability of Pacific Sand 
Lance, and accounts for the consistent predominance of Pacific Sand Lance in the nestling diets 
of the large auklet population on nearby Protection Island (Wagner et al. 2024). In winter, 
Ancient Murrelet have long been attracted to the Haro region primarily for euphasiids, but also 
juvenile Pacific Herring as prey (Gaston et al. 1993).   

In 2024, in collaboration with DFO, and University of Victoria, we also conducted monthly 
acoustic sampling of prey fields at marine bird hot spots along our route to quantify seasonal 
patterns in forage fish and zooplankton prey. If replicated, acoustic datasets of prey could help 
to explain the observed interannual variation in marine bird densities in Haro Strait. 
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Figure 33-2.  Seasonal densities (birds/km2) of Rhinoceros Auklet (RHAU) and Ancient Murrelet (ANMU) using 
averaged monthly values from 2015-2024.  The red boxes show the four month periods selected to represent 
summer for RHAU, and winter for ANMU. 

 

Figure 33-3.  Inter-annual variation in average density (birds/km2) in summer for Rhinoceros Auklet (RHAU), and 
Ancient Murrelet (ANMU) in winter. The number of monthly surveys used to derive the annual estimates are shown in 
the grey bars below. 
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34.  UPDATE TO STELLER SEA LION ABUNDANCE TREND IN B.C. 
Strahan Tucker, Sheena Majewski, Chad Nordstrom, Ali Bowker, Kurt Trzcinski, Thomas 
Doniol-Valcroze. Fisheries and Oceans Canada, Nanaimo, B.C. 

strahan.tucker@dfo-mpo.gc.ca, sheena.majewski@dfo-mpo.gc.ca, ali.bowker@dfo-mpo.gc.ca, 
chad.nordstrom@dfo-mpo.gc.ca, kurt.trzcinski@dfo-mpo.gc.ca, Thomas.Doniol-Valcroze@dfo-
mpo.gc.ca  

34.1.  Highlights  
• A mean abundance of 44,235 (95% CI: 35,855-54,574) Steller Sea Lions in B.C. was 

estimated for 2021. This represents no change in abundance from 2017. 

• The number of rookeries and year-round haulout sites continues to increase in B.C. 
waters with the establishment of two new rookeries in 2021 and 4 new year-round haul 
out sites. 

34.2.  Description of the time series  

The Steller Sea Lion (Eumetopias jubatus) resides year-round and breeds in Canadian waters 
as part of its pan-Pacific range, representing approximately one third to one half of the Eastern 
stock (extending from California to Alaska). Steller Sea Lions are listed as Special Concern 
under the Species at Risk Act (SARA) based on vulnerability associated with highly 
concentrated breeding aggregations. As required under SARA, DFO developed a Management 
Plan for Steller Sea Lions, which includes recommendations for ongoing range-wide monitoring 
of distribution and abundance. 

Steller Sea Lions occur throughout the coastal waters of British Columbia (B.C.), with distinct 
seasonal patterns in distribution. Following Bigg (1985) and Olesiuk (2018), three categories of 
Steller Sea Lion haulout sites are recognized: rookeries (R), year-round haulout sites (Y) and 
winter haulout sites (W). Animals are highly aggregated at rookeries and outer coast year-round 
haulout sites during the summer breeding season, with dispersal to other areas of the coast for 
foraging through fall and winter.  

Since the early 1970s, DFO has conducted a series of 14 standardized aerial surveys to 
estimate the abundance of Steller Sea Lions in B.C. during the summer breeding season. The 
last survey was conducted in 2017. Surveys are timed to coincide with the end of the breeding 
season (June 27-July 9), by which time most pups have been born and are still confined to 
rookeries, and the highest number of non-pups (juveniles and adults) are expected to be hauled 
out. Counts of pups and non-pups made from aerial survey photos taken of rookeries and non-
breeding haulout sites are used to provide information on abundance and distribution. The 
timing of recent breeding season surveys has been coordinated with US agencies to support 
range-wide assessment of the breeding stock.  

34.3.  Status and trends 

The number of rookeries and year-round haulouts used by Steller Sea Lions in B.C. continued 
to increase in 2021 (Figure 34-1). Two rookeries were newly designated in 2021 with > 50 pups 
counted at Perez Rocks near Estevan Lighthouse (WCVI) and Pearl Rocks near Calvert Island 
(CMC). One new haulout site with non-breeding animals (possibly a year-round haulout site) 
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was also observed, with four sites previously identified as winter-only sites being redefined as 
year-round haulout sites in 2021.  

Counts from the 2021 breeding season survey indicate that the number of pups and non-pups 
increased marginally over past surveys in B.C. A total of 32,919 Steller Sea Lions were counted 
in 2021 (25,396 non-pups and 7,523 pups) as compared to a count of 32,142 individuals in 
2017 (25,502 non-pups and 6,640 pups). Models fit to the counts indicate a probable slowing in 
the annual rate of increase in pup production and non-pup abundance since 2017 (Figure 34-2). 
Growth rates calculated for the 2017-2021 interval were estimated to be 1.4% per year for pups 
and 1.8% per year for non-pups, as compared to values of 2.8% for pups and 4.3% for non-
pups reported for 2013-2017 (Majewski et al. 2024).  

Combining pups and non-pups and adjusting for animals not hauled out at the time of the 
survey (Olesiuk 2018; Majewski et al. 2024), the estimated breeding season abundance of 
Steller Sea Lions in 2021 was 44,235 individuals (95% CI of 35,855  to 54,574). This is similar 
to the 2017, estimate of 43,938 individuals (95% CI of 40,908 to 47,193), suggesting there was 
no significant change in abundance over the four year period.  

Trends in Steller Sea Lion abundance, stock growth rate, and distribution in B.C. (including the 
expansion of haulout and rookery sites) are generally consistent with those observed in other 
parts of their range in the Eastern Pacific (Young et al. 2024).  

 

Figure 34-1. Map showing distribution of Steller Sea Lion counts for the 2021 breeding season survey. Symbol sizes 
are proportional to the total number of animals (pups and non-pups) counted at each site. Black circles indicate the 
proportion of pups. Red symbols denote rookeries and orange symbols year-round haulouts. 
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Figure 34-2. Trends in the number of pups (top panel) and non-pups (bottom panel) counted during surveys flown 
between 1971-2021; black lines denote the logistic model fit to counts (black dots) and grey shading denotes the 95% 
confidence interval in model fit. 

34.4.  Factors influencing trends 

The specific factors regulating population trends of Steller Sea Lions in B.C. remain unclear. In 
general, because sea lions are relatively long lived, they have evolved to maintain relatively 
stable population sizes at or near the carrying capacity of the environment, despite the potential 
for large fluctuations in survival (particularly pups) and fecundity from year to year (Wade 2018). 
Globally, we are currently witnessing the return of many pinniped populations to levels limited by 
their carrying capacity following overexploitation. Concurrently, increasing attention is being paid 
to the role of top predators (i.e., Killer Whales) on population dynamics as they themselves 
recover. 

34.5.  Implications of those trends.   

Steller Sea Lions have been identified as primary prey species of threatened Bigg’s (aka West 

Coast Transient) Killer Whales along the coast of B.C. It is suspected that the recovery of 
pinniped populations has contributed to the increasing population of Bigg’s Killer Whales. The 
Recovery Strategy for Bigg’s Killer Whales identifies the need to determine the quantity, quality 

and distribution of the prey necessary to sustain or increase the current population level (DFO 
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2007). In support of this recovery objective, updated assessments for breeding populations of 
pinniped abundance and distribution are provided by DFO.  

In addition to supporting recovery of the Bigg’s Killer Whale population, information on sea lion 

abundance and distribution is routinely required for responding to support ecosystem based 
management. This includes environmental assessments, siting of finfish and shellfish 
aquaculture facilities, evaluating impacts of marine mammal populations on fishery resources as 
well as potential competition with Resident Killer Whales for critical food resources, and, 
evaluating the potential impacts of changing ocean conditions.  
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35.  OFFSHORE KILLER WHALE DIET IN THE NORTHEASTERN 
PACIFIC 

Brianna Wright1, Dan Olsen2, Brian Gisborne1, Angela Schulze1, Mike Wetklo1, Graeme Ellis1, 
Craig Matkin2, John Ford1, and Thomas Doniol-Valcroze1 

 
1Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, B.C., Brianna.Wright@dfo-
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2North Gulf Oceanic Society, Homer, AK  

35.1.  Highlights  
• Offshore Killer Whales of the northeastern Pacific have a specialized diet composed of 

~90% sharks and rays, with the remainder being teleost fishes. 

• Important prey species included Pacific Sleeper Shark (45.2% of identified prey items), 
Blue Shark (17.9%), and Pacific Spiny Dogfish (16.7%). 

• Offshore Killer Whale foraging behaviour exhibited seasonal shifts in latitude that 
mirrored the availability and migration patterns of the shark species that are important in 
their diet. 

• Foraging events were associated with steep-sided bathymetric features, especially the 
200 m depth contour delineating the continental shelf edge and its associated canyons. 

35.2.  Description of the time series  

Dietary specialization allows species with overlapping ranges and similar trophic levels to 
coexist by reducing competition. Offshore Killer Whales (OKW) are sympatric with other 
populations of Orcinus orca in the northeastern Pacific, but their feeding preferences were 
poorly known. Our analysis synthesizes two decades of collaborative field observations of OKW 
foraging behaviour conducted in B.C. by the Cetacean Research Program, Fisheries and 
Oceans Canada, and in Alaska by the North Gulf Oceanic Society, including some previously 
published findings (Ford et al. 2011; Ford et al. 2014; Matkin et al. 2018). Whenever foraging 
behaviour was observed, researchers in small vessels approached locations where whales had 
killed and consumed prey, and collected prey tissue fragments from the water’s surface. These 

tissues were identified to species using DNA metabarcoding and individual prey were 
distinguished from one another using haplotype sequencing of the mitochondrial control region. 
In addition to tissues from predation events, evidence of OKW dietary composition was also 
collected via fecal sampling and visual, photographic, or drone (unmanned aerial vehicle) video 
identification of prey species being handled by whales at the surface. Dietary composition was 
estimated from 84 OKW predation events identified to species, collected between 2004-2023 in 
all months except January, February and November. These predation events occurred across 
the known range of Offshore Killer Whales in the continental shelf waters of Alaska, B.C. and 
California. 

35.3.  Status and trends 

We found that sharks and rays represented almost 90% of all OKW prey identified throughout 
continental shelf waters, revealing that the OKW ecotype has a highly specialized diet. Four 
new prey species for OKW were identified: the Salmon Shark, Pacific Electric Ray, Albacore 
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Tuna, and Broadnose Sevengill Shark. Targeted species differed depending on the season and 
latitude of the region in which the whales were foraging: Pacific Sleeper Sharks (45.2% of 
identified prey items) and Salmon Sharks (6.0%) were primarily taken close to shore in Alaska 
and northern B.C. in spring and early summer, while Blue Sharks (17.9%) and Pacific Spiny 
Dogfish (16.7%) were typically caught in more southerly locations along the continental shelf 
edge of B.C. in late summer and fall (Figure 35-1). Blue, Broadnose Sevengill and Shortfin 
Mako sharks were hunted off California in winter (Figure 35-1, Slater Moore and Eli Parnes-
Katz, pers. comm.). Teleost fishes were also present in the diet of OKW but comprised only 
10.7% of identified prey. In addition to seasonal patterns in latitude of foraging events, we also 
found that OKW frequently foraged in proximity to steep-sided bathymetric features, such as the 
continental shelf edge (200 m depth contour) and its associated submarine canyons. 

35.4.  Factors influencing trends  

It is probable that OKW preferentially hunt sharks because they are predictably available, large-
bodied, and have a large, lipid-rich liver (Phelger 1998), traits which make them energetically 
profitable as prey (Ford et al. 2011). The north-to-south shift in latitude of observed OKW 
foraging events by month (Figure 35-2) is likely driven by seasonal changes in the availability 
and migratory patterns of sharks and other prey species. Steep-sided bathymetric features are 
probably favoured by OKW as hunting grounds because their abrupt topography amplifies 
currents and generates strong seasonal upwelling (Genin 2004; McFarlane and Robinson 
1997). The resulting primary production created by these conditions attracts aggregations of 
zooplankton, forage fish, and higher-level predators such as sharks (Genin 2004; Simard and 
Mackas 1989), making these features predictable feeding grounds for OKW. 

35.5.  Implications of those trends   

Our results show that OKW represent a third case of extreme prey specialization among the 
northeast Pacific Killer Whale ecotypes, in addition to fish-eating Residents and marine 
mammal-eating Bigg’s (Transients). OKW accessed prey across an extremely large latitudinal 
gradient, and they did so in a seasonally predictable way that mirrored the migratory behaviours 
and distributions of the shark species that are important in their diet. Many shark species are 
data deficient (Proudfoot et al. 2024) and display life history traits (i.e., slow growth, late age of 
maturation, low fecundity) that make them highly vulnerable to the consequences of climate 
change and other anthropogenic threats, especially fisheries bycatch (Musick et al. 2000; 
Nakano and Stevens 2008). As specialist predators, OKW will thus in turn be impacted by 
threats to the shark populations they rely upon. Understanding dietary preferences and 
seasonal habitat use by OKW is important to their ongoing conservation and monitoring, and 
can be used to support future identification of Critical Habitat for this Threatened population. 
Finally, as wide-ranging, apex predators specializing on high trophic-level prey, OKW may play 
an under-appreciated role in the tropho-dynamics of ecologically and commercially important 
fish stocks. 
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Figure 35-1. Locations, species (colour) and minimum numbers (point size; based on haplotypes) of prey consumed 
by Offshore Killer Whales since 2004 (n = 84) encountered in (A) Kenai Fjords and Prince William Sound, Alaska, (B) 
coastal B.C., and (C) California. In cases where more than one prey item was consumed per encounter, the 
coordinates of the first predation event were used to indicate the location for that event plus all subsequent events 
involving the same prey species during the encounter. Only tissue and fish scale samples collected immediately 
following kills were included; fecal samples are not shown, since there was no way to determine the location where 
the prey were originally consumed. Blue shading indicates water depth (m), obtained from the NOAA ETOPO 2022 
15 Arc-Second Global Relief Model, extracted at a grid resolution of 0.5 minutes (NOAA National Centers for 
Environmental Information, 2022). Maps are displayed using the Albers Equal Area projection. 
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Figure 35-2. Top panel: Offshore Killer Whale prey species identified by month, summarised by number of 
encounters (note that a single encounter may appear more than once per month if multiple prey species were taken). 
Bottom panel: Offshore Killer Whale prey species by month and latitude of the first capture location within each 
encounter; the minimum number of predation events per encounter (as determined by haplotypes) is indicated by 
point size. Points have been horizontally jittered to improve readability. Encounters (n=30) were recorded in the 
continental shelf waters off Alaska, B.C., and California between 2004 and 2023. No predation events were observed 
in January, February or November. 
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36.  GRAY WHALE (ESCHRICHTIUS ROBUSTUS) MORTALITY AND 
POSTMORTEM FINDINGS IN THE EASTERN NORTH PACIFIC: A 

CANADIAN PERSPECTIVE 
Paul Cottrell, Stephen Raverty and Sean McConnachie  

Fisheries and Oceans Canada, Marine Mammal Response, Vancouver, B.C., 
Paul.Cottrell@dfo-mpo.gc.ca 

36.1.  Highlights 
• A significant number of Gray Whale strandings occurred between 2018 and 2021, with 

28 cases recorded in B.C., Canada between 2019-2024. 

• Over 600 strandings were documented across the range, with the population declining 
from approximately 27,000 individuals in 2016 to an estimated 16,650 in 2021–2022. 

• Postmortem examinations indicated emaciation as a primary factor in mortality, 
alongside vessel strikes and entanglements. 

• Environmental changes, particularly prey availability shifts in the Bering and Chukchi 
Seas, likely contributed to the Unusual Mortality Event (UME). 

36.2.  Description of the Time Series 

The study by Raverty et al. (2024) analyzed Gray Whale strandings from December 2018 
through December 2021 across the Pacific coastline of North America, including Canada. 
During 2018-2021, a total of 503 stranded whales were documented, with 21 occurring in B.C. 
(Raverty et al. 2024). The data collection included necropsy and histopathology assessments to 
determine mortality causes. The study aligns with ongoing research on environmental 
influences affecting Gray Whale distribution and health, particularly in the Arctic feeding grounds 
(Moore et al. 2022). The time series has been updated to 2024. 

This project exemplifies an unprecedented collaborative effort among Mexico, the United States, 
and Canada, ensuring the integration of datasets and the standardization of postmortem 
examinations. By working together, researchers across all three nations were able to develop a 
more comprehensive understanding of mortality trends and underlying causes, strengthening 
conservation and management efforts for Gray Whales. 

36.3.  Status and Trends 

The number of strandings peaked in 2019, with a subsequent decline in 2020 and 2021. 
However, the UME remains ongoing as of late 2023. Of the 61 necropsied whales included in 
the Raverty et al. (2024) study, 33 had identifiable causes of death. Emaciation was the most 
common factor (16 cases), followed by vessel strikes (11 cases), entanglements (2 cases), and 
entrapment (1 case). In B.C., nine cases underwent postmortem examinations, with findings 
consistent with the broader trend of emaciation and trauma-related mortalities. 

Figure 36-1 below illustrates annual Gray Whale strandings across the U.S., Mexico, and 
Canada, highlighting the peak in 2019 and the gradual decline in subsequent years: 

mailto:Paul.Cottrell@dfo-mpo.gc.ca


196 
 

 

Figure 36-1. Annual Gray Whale strandings in the U.S., Mexico, and Canada, 2015-2024. 

36.4.  Factors Influencing Trends 

Several factors contributed to the increased mortality of Gray Whales during this period: 

• Nutritional Stress: Changes in prey availability in the Arctic, particularly in the northern 
Bering and eastern Chukchi Seas, were linked to reduced feeding success. Moore et al. 
(2022) reported a significant decline in amphipod abundance, a primary food source for 
Gray Whales. 

• Climate Change: Rapid warming, reduced sea ice, and shifting oceanographic 
conditions altered prey distributions, potentially forcing Gray Whales into less optimal 
foraging areas. 

• Anthropogenic Impacts: Increased vessel traffic led to a rise in ship strikes, particularly 
in high-risk areas such as San Francisco Bay and Puget Sound. In Canada, 
entanglements and interactions with fisheries were additional stressors. 

36.5.  Implications of These Trends 

The observed increase in Gray Whale strandings, particularly those linked to malnutrition, raises 
concerns about population resilience and ecosystem changes. The documented decline in calf 
production (Eguchi et al. 2022) suggests long-term population impacts if food scarcity continues. 
In B.C., continued monitoring of Gray Whale health through necropsies and environmental 
assessments is essential. Conservation efforts, such as vessel speed regulations and habitat 
protection, may help mitigate human-related mortality factors. 
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37.  THE STATUS OF THE GULF OF ALASKA 2024 
Bridget Ferriss, Resource Ecology and Fisheries Management Division, Alaska Fisheries 
Science Center, NOAA Fisheries, bridget.ferriss@noaa.gov  

37.1.  Highlights  
• Long-term trends in the Gulf of Alaska (GOA) include warming ocean temperatures, 

changes in salinity, and a shift in the groundfish community to more zooplankton-eating 
fish.  

• Moderate El Niño conditions occurred during the winter of 2024, including warm winter 
and spring surface temperatures and increased shelf circulation. Few ecological 
responses to the warm event were observed.  

• Biomass of zooplankton increased, including larger, nutritious species (large copepods, 
euphausiids). Forage fish (Pacific Herring, Capelin, others) abundance continued to be 
above average across the GOA.    

• GOA commercial salmon landings in 2024 were some of the lowest since 1985, driven 
by unexpected low returns of Pink Salmon in Prince William Sound, probably due to poor 
juvenile marine survival in 2023 and potential competition in the ocean gyre (2023/2024). 

• While the GOA continues to warm over the long term, 2025 is predicted to be cooler than 
the 1991 – 2020 average due to developing La Niña conditions. 

37.2.  Description of time series  

The NOAA Fisheries’ 2023 Status of the Gulf of Alaska (GOA) Ecosystem Status Report (ESR) 

(Ferriss 2024) is part of the North Pacific Fishery Management Council’s Groundfish Stock 

Assessment and Fisheries Evaluation Report. The purpose of this annual report is to provide 
supporting ecosystem information in setting harvest specifications for groundfish fisheries. The 
Ecosystem Assessment section is a synthesis of contributions from numerous authors and 
contact information and citation protocols can be found in this Report (Ferriss GOA ESR 2024). 
All reports are available online. https://www.fisheries.noaa.gov/alaska/ecosystems/ecosystem-
status-reports-gulf-alaska-bering-sea-and-aleutian-islands. 

37.3.  Status and trends, Factors influencing trends, and Implications of trends 
Summary 

The Gulf of Alaska’s (GOA) marine ecosystem (Figure 37-1) experienced a relatively productive 
year in 2024, generally higher and more spatially consistent than 2023. The winter El Niño 
conditions were more moderate than expected, although surface and deeper waters did 
experience some associated warming. Some highlights of the year include indicators of above 
average primary and secondary (zooplankton) production, suggesting a good prey base for 
forage fish, juvenile and plankton-eating adult groundfish, and seabirds. Capelin populations 
continue to rebound across the GOA, and herring populations continue to persist at relatively 
high levels in southeast AK. Humpback Whale crude birth rates in the eastern GOA recovered 
to pre-2014 values for the first time since their post marine heatwave decline. Conversely, GOA 
commercial salmon landings were some of the lowest since 1985, driven by unexpected low 
returns of Pink Salmon in Prince William Sound. While the GOA continues to warm over the 
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long term, 2025 is predicted to be cooler than the 1991 – 2020 average due to developing La 
Niña conditions. 

El Niño Winter 2023/2024 

The GOA experienced El Niño conditions during the winter and spring of 2023/2024, after three 
years dominated by La Niña, and transitioned back to La Niña status in the fall of 2024. The El 
Niño was one of the top five strongest events since 1950, though weaker in strength than the 
ecologically impactful 1997/1998 and 2015/2016 events. However, the impact of El Niño in the 
GOA was moderated by its relatively short duration, a reduced potential for increased 
counterclockwise circulation and northward transport of warm surface waters due to a weak 
Aleutian Low, and variable/eastward winds in the winter and spring (Lemagie and Bell GOA 
ESR 2024, p.30). The GOA also did not experience extended warm or marine heatwave 
conditions, as it did in 2016 when the strong El Niño coincided with additional sources of heat 
from the north Pacific (i.e., the “Blob”). 

While the GOA experienced warmer ocean temperatures in the winter and spring, a strong 
ecological response to warming pressure was not evident in the system. For example, the 
frequency and extent of harmful algal blooms remained somewhat average (they tend to 
increase with warm waters) (Farrugia et al. GOA ESR 2024, p.175). The intertidal communities 
retained their local, spatial variation, a pattern that becomes homogenous in the presence of 
overriding external environmental drivers such as marine heatwaves (Coletti et al. GOA ESR 
2024, p.183). Seabird productivity was average to above average across the GOA (they can 
respond negatively to warmer conditions and related impacts on prey resources) (Drummond et 
al. and Whelan et al. GOA ESR 2024, p.152). The potential impact of a warmer first half of 2024 
on groundfish recruitment, which could be expected to include strong year classes of rockfish 
and Sablefish (favored by warm spring/summers) or weak year classes of Walleye Pollock, 
Pacific Cod, and Northern Rock Sole (favored by cool winter/springs), will become apparent 
when they begin to be observed in surveys, in a few years’ time. 

Gulf of Alaska Shelf 2024 

Ocean surface temperatures were warmer than average across the GOA shelf in the winter and 
spring, ranging from 4 ⁰C/5 ⁰C (March) to 12 ⁰C/14 ⁰C (Aug) in western and eastern GOA 

respectively (Lemagie GOA ESR 2024, p.43). The eastern GOA surface temperatures 
exceeded the marine heatwave threshold for most of Dec.-May, covering up to ∼75% of the 
eastern GOA shelf area, remaining warm through the summer. The warm late spring/early 
summer surface temperatures in the eastern GOA may have been favorable for feeding and 
survival conditions of larval Sablefish and rockfish. During the western GOA winter, warm 
surface temperatures cooled more quickly and returned to average by March (Lemagie and 
Callahan GOA ESR 2024, p.43). The warm late winter and early spring surface temperatures 
did not appear to exceed egg and larval temperature thresholds of early spring spawners (e.g., 
Walleye Pollock, Pacific Cod, Northern Rock Sole) and may have favored their growth.  

The warming of deeper shelf waters in the western GOA appeared to be limited, due to 
decreased coastal downwelling that would transport heat to depth and the resulting potential for 
increased incursion of cooler, more saline, lower dissolved oxygen slope waters onto the shelf 
in the western and northern GOA (Pages and Hauri GOA ESR 2024, p.64). Spatially limited 
surveys observed some moderate heat at depth in the spring (central GOA, Danielson GOA 
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ESR 2024, p.43) and summer (southeast AK inside waters, Fergusson GOA ESR 2024, p.43), 
but not in January in Shelikof Strait (Jones et al. GOA ESR 2024, p.43). 

Increased winter and spring counter-clockwise circulation and surface transport were reflected 
in numerous metrics, as expected with El Niño events. Eddies were stronger than usual along 
the shelf edge in the regions off Kodiak and Haida Gwaii (Cheng GOA ESR 2024, p.56). The 
modeled northward surface transport in southeast AK, from the Papa Trajectory Index, 
increased from weaker (2023) to the long-term average (2024) (Stockhausen GOA ESR 2024, 
p.61). The GAK1 mooring (near Seward) measured lower salinity in the surface waters, 
reflecting increased transport of freshwater from southeast AK (Danielson GOA ESR 2024, 
p.72). The larval survival of slope spawning Arrowtooth Flounder, Pacific Halibut, and Rex Sole 
may have increased due to transport to preferred coastal habitat. 

The spring oceanographic conditions supported high energy transfer through the base of the 
food web. The phytoplankton community was dominated by the larger celled diatoms (Hennon 
GOA ESR 2024, p.70), similar to 2021 and 2022, and higher than 2023. Diatom production is 
supported by upwelling in the central GOA gyre, bringing nitrate-rich waters to the surface and 
onto the shelf through increased advection (Conte et al. 2024). The Northern Gulf of Alaska 
Oscillation index measures upwelling at the center of the Gulf gyre, which was positive (weaker 
upwelling) in January and February, but then negative (stronger upwelling) in the spring, 
supporting this theory (Pages GOA ESR 2024, p.64). Strong diatom production supports larger, 
more energy rich zooplankton species (euphausiids and copepods), verified by an increase in 
observed spring euphausiid biomass in Seward Line surveys (Hopcroft GOA ESR 2024, p.83). 
The resulting above-average spring zooplankton biomass provided good prey resources for 
zooplankton-eating adult groundfish (e.g., Walleye Pollock, Pacific Ocean Perch, Dusky and 
Northern Rockfish), and larval/juvenile groundfish. Planktivorous seabird reproductive success, 
an indicator of zooplankton availability and nutritional quality, was above average across the 
GOA, and increased from 2023 (Drummond et al. and Whelan et al. GOA ESR 2024, p.152).  

The GOA forage fish populations varied across the GOA but were generally average to above 
average in 2024 (similar to 2023). Capelin continues to rebound from a population decline 
during the 2014 – 2016 marine heatwave (McGowan et al. GOA ESR 2024, p.101; Arimitsu et 
al. GOA ESR 2024, p.96), which is beneficial for seabirds, marine mammals, and piscivorous 
groundfish. Also, Pacific Herring continue to have relatively elevated populations supported by 
the strong 2016 and 2020 year classes (Hebert and Dressel GOA ESR 2024, p.105; Morella et 
al. GOA ESR 2024, p.188). Forage species that are relatively lower in abundance include 
Eulachon, Sand Lance, and juvenile salmon (Arimitsu et al. GOA ESR 2024, p.96; Pochardt et 
al. GOA ESR 2024, p.109). The reproductive success of fish-eating seabirds was variable but 
generally above average across the GOA reflecting adequate prey availability for groundfish 
with forage fish in their diets (e.g., Pacific Cod, Sablefish, and Arrowtooth Flounder; Drummond 
et al. and Whelan et al. GOA ESR 2024, p.152). 

The GOA 2024 commercial salmon fishery landings were within the five lowest years since 
1985, largely driven by low Pink Salmon returns. The returns of Pink Salmon were unexpectedly 
low, primarily in Prince William Sound, while southeast AK was the exception, meeting its 2024 
forecast (Whitehouse GOA ESR 2024, p.113; Vulstek et al. GOA ESR 2024, p.124; Strasburger 
et al. GOA ESR 2024, p.116). Potential reasons driving the low returns include (a) reduced early 
marine survival in 2023, due to low zooplankton biomass, including evidence of smaller average 
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length and lower body condition of juvenile Pink Salmon in 2023 in SEAK (Yasumiishi 2023; 
Fergusson and Strasburger 2023); and (b) poor survival of juveniles/adults in their offshore 
habitat due to poor ocean conditions and/or increased competition with the strong odd year 
class of Pink Salmon in this oceanic region (environmental and prey conditions are unknown) 
(Ferriss GOA ESR 2024, p.26). 

Multi-year Trends/ Community Dynamics 

Oceanographic trends reveal long-term unidirectional changes in the GOA (with interannual 
variation), while ecological communities reflect less predictable, multi-year shifts in dynamics. 
The GOA shelf’s long-term sea surface temperature continues to increase from 1900 through 
2024, across the winter and summer months (Thoman GOA ESR 2024, p.43). Temperatures at 
depth in the central GOA (200m – 250m) have increased since at least 1975 (GAK1 mooring, 
Danielson GOA ESR 2024, p.72). Over the same 50 year time period, stratification has 
increased (reducing vertical mixing in the water column), and salinity has decreased at the 
surface (fresher water) while increasing at depth (more saline waters) (GAK1, Danielson GOA 
ESR 2024, p.72). The decreased surface salinity suggests increased transport of the Alaska 
Coastal Current during fall, winter and spring months, coupled with potentially higher freshwater 
runoff (Danielson GOA ESR 2024, p.72). 

The GOA’s marine communities continue to reflect a mixture of short- and long-term dynamics. 
While some species’ populations respond within the same year to environmental changes (e.g., 

zooplankton), others have lagged responses Explorations of shifts in ecosystem states around 
2014 within Gulf of Alaska marine ecosystems have mixed results (Suryan et al. 2021; Litzow et 
al. 2020) but perhaps due to differences in spatial scales and species studied. Ferriss et al. 
(submitted) found that a community shift occurred around 2014 in most components of the 
eastern and western GOA (oceanography, lower-trophic, mid-trophic, seabirds), largely 
persisting through 2022. Some populations that were greatly reduced due to the 2014 – 2016 
marine heatwave are still responding to that event. Pacific Cod and Sand Lance populations 
remain depressed. The Capelin populations were observed to continue rebounding in 2024 for a 
second year, and the crude birth rate of Humpback Whales increased to pre-2014 levels in 
southeast Alaska for the first time. While population dynamics of Humpback Whales may have 
contributed to their lagged recovery, the elevated Pacific Herring and euphausiid populations 
(and reduced Pink Salmon predation on zooplankton) provided a good prey base for them in 
2024. Other populations that experienced strong year class survival and resulting population 
increases from the 2014 – 2016 marine heatwave are transitioning away from that event, 
including the shift of large young cohorts of Sablefish off the shelf as they age (Goethel and 
Cheng, 2024), and reduced Tanner Crab biomass as the large 2016 cohort declines (Worton 
GOA ESR 2024, p.128). 

There have been longer-term (beyond 10 years) changes in relative biomass of the top 
groundfish species, as estimated by NOAA’s bottom trawl survey (last surveyed in 2023; 

Callahan GOA ESR 2024, p.139). Pacific Ocean Perch biomass has been increasing, and the 
once-dominant Arrowtooth Flounder biomass is much lower than its last peak in 2003. Pacific 
Ocean Perch replaced Arrowtooth Flounder as the top groundfish biomass in 2017.  The 
relatively high biomass of zooplankton predators in the GOA is supported by high biomass of 
Pacific Ocean Perch (highest groundfish biomass), Walleye Pollock (3rd highest groundfish 
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biomass) and Pink Salmon in odd years (including high returns in 2021 and 2023). The impacts 
of this shift in prominent trophic dynamics in the GOA are uncertain. 

 

Figure 37-1. A visual summary of ecosystem trends in the Gulf of Alaska in 2024. Figure and additional details can be 
found in the Gulf of Alaska In Brief (2024) (https://www.fisheries.noaa.gov/alaska/ecosystems/ecosystem-status-
reports-gulf-alaska-bering-sea-and-aleutian-islands). The symbols include surface temperatures, offshore upwelling, 
increase in diatoms, large phytoplankton, energy rich zooplankton species (euphausiids and copepods), seabirds, 
Capelin, Pacific Herring, juvenile salmon, Humpback Whales, harmful algal blooms, seastars, algae, mussels, and 
dead seabirds. 
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38.  EXPLORING THE POTENTIAL FOR A WEST COAST B.C. 
DISTRIBUTED BIOLOGICAL OBSERVATORY (WCDBO) 

Kohen W. Bauer1, Eddy Carmack2, and the West Coast DBO Working Group1,2 

 
1Ocean Networks Canada, Victoria, B.C., kohenbauer@oceannetworks.ca 
2Fisheries and Oceans Canada, Sidney, B.C., eddy.carmack@gmail.com 

38.1. Highlights  
• We propose to establish a WCDBO from Victoria through the inside passage to Prince 

Rupert, providing a tool to observe our land-ocean systems and identify and interpret 
Earth system change at multiple scales. 

• We are currently exploring this concept through a pilot study, with three cruises planned 
for 2025, taking place in May, July, and November, respectively.  

• We are interested in and seeking community broad feedback to help shape the success 
of this program. 

• Once established, the proposed WCDBO can serve as a ‘branching off’ framework for 

additional, site-specific programs. 

38.2. Background 

The Distributed Biological Observatory (DBO) program (Grebmeier et al. 2019) implements 
standardized marine and biological sampling in regions of high productivity and biodiversity to 
provide a long-term, biologically focused science foundation for environmental management. 
The DBO initially extended from the northern Bering Sea to the Chukchi and Beaufort Seas and 
is now being expanded to the panarctic scale. We argue here for the addition of a DBO line of 
stations along the Canadian Pacific coast to complement the panarctic perspective.  

Pacific Water as a First Unifying Concept for Distributed Biological Observatories: It has 
long been known that the North Pacific is a great estuary that is fed by its bordering rivers (Tully 
and Barber 1960; Stigebrandt 1984) and that North Pacific waters enter the Arctic Ocean 
through Bering Strait and dominate heat and material fluxes into the western Arctic Ocean 
(Coachman and Barnes 1961; Coachman et al. 1975). Pacific Waters form the upper halocline 
of the Western Arctic Ocean (Jones and Anderson 1986; McLaughlin et al. 1996) and dominate 
nutrient distributions in the Canadian Arctic Archipelago and Hudson Bay (Jones and Coote 
1980). Further, Pacific waters exit the Canadian Arctic Archipelago via Baffin Bay and the 
Labrador Sea and are a major fraction of the Arctic Ocean freshwater egress into the North 
Atlantic that sets conditions for sites and rates of deep convection (Aagaard and Carmack 
1989).  

More recent studies confirm that inflowing rivers imprint geochemical signatures on Pacific 
coastal waters and impart properties affecting, for example, acidification (Hunt et al. 2024), that 
freshwater discharges from continental rivers drive contiguous flows clockwise around northern 
North America (Carmack et al. 2015), that biological conditions in the three surrounding oceans 
are highly variable in relation to nutrient sources (Varela et al. 2013), that ecological conditions 
in the Chukchi Sea are changing rapidly (Grebmeier et al. 2006), and that Pacific waters are 
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strongly modified by biogeochemical processes as they transit the Canadian Arctic Archipelago 
and into the North Atlantic (McLaughlin et al. 2005). 

Planetary Boundaries as a Second Unifying Objective: Planetary boundaries are nine 
fundamental ecological limits within which humanity can safely operate (Rockström et al. 2009; 
Richardson et al. 2023). These include climate change, ocean acidification, biodiversity loss, 
land system change, freshwater use, biogeochemical flows, among other novel loadings. 
Crossing any of these boundaries risks ecosystem destabilisation (Rockström et al. 2024). 
Planetary boundaries are driven by both global (top-down) and local (bottom-up) processes. In 
this context, the WCDBO domain is intended to represent a functioning sub-set of the Earth 
system, bounded by the open ocean, adjacent watershed, and atmosphere, and operating 
within the same ecological limits as does the global system. Scaling-down further, smaller 
components of the WCDBO domain are recognized (Dosser et al. 2021). Such a framework 
allows integration of data, knowledge, policy, and governance. 

Given these facts, we suggest that the addition of a DBO line of stations along the Canadian 
Pacific coast makes eminent sense. 

38.3.  The Opportunity 

DFO-funded coastal environmental baseline and cetacean monitoring (CEBP and CeMoRe) 
takes place three times per year from the Arctic Research Foundation vessel the Tirairnaq. DFO 
and Arctic Research Foundation offered the opportunity to use the transits, to and from Prince 
Rupert (PR) to conduct sampling work. Ocean Networks Canada (ONC) has committed in-kind 
funds to support and coordinate transit cruises and to help expand the WCDBO program more 
broadly. 

As part of these efforts, a multidisciplinary Working Group is emerging to advance and 
implement a West Coast Distributed Biological Observatory. The project is envisioned as a 
collaborative network to promote data sharing among researchers, First Nations, not-for-profit, 
ports, and coastal communities. The goal of the proposed WCDBO is to establish a set of key 
sampling locations from Vancouver Island through the inside passage, to Prince Rupert. This 
initiative seeks to integrate diverse data sources, including sampling, historical data, real-time 
streams, and Indigenous knowledge to foster a comprehensive regional understanding. 

38.4.  Pilot Cruises 

As part of the current pilot project, two cruises have been completed; (1) northbound from 
Victoria to PR, September 7-12, and (2) southbound from PR to Victoria, December 10-15. 
Notably, during the December transit, poor weather resulted in the vessel having to return to 
PR, only making it as far South as Shearwater.  

A primary motivation for the first two pilot cruises was to test the feasibility of using the Tirarnaq 
to accomplish the sampling objectives, and evaluate the time required to complete sampling at a 
determined number of stations along the route. During both cruises, science sampling time was 
limited to a total of 12-hours of operations across the entire transit. 

The data collected on these initial cruises focussed on water properties including temperature, 
salinity, oxygen, chlorophyll fluorescence, and nutrients. At each sampling site, we performed 
Conductivity-Temperature-Depth (CTD + dissolved oxygen + additional optical sensors) casts 
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and collected water samples using a small rosette (sampled for nutrients and chlorophyll) 
(Figure 38-1). DFO provided support for the water sampling and analyses (Figure 38-2). The 
CTD data are freely available through Ocean Networks Canada’s data management system, 
Oceans 3.0. Results from bottle data (i.e., chlorophyll and nutrients) will be available by email 
on request. 

A summary of sample stations visited during the September and December cruises are 
presented in Table 38-1. These initial station locations were co-developed between DFO and 
ONC. For future expeditions, we are aiming to continue to add stations in regions of high 
scientific interest and/or where historical data exists, to broaden our collective understanding of 
the coastline. Some of these additional stations are outside ONC’s existing partnership network, 

and thus we are currently seeking input and feedback from the First Nations whose territories 
these stations fall within, as well as community feedback on potential new or adjusted stations 
from all parties (see Section 38.3. above). We will not undertake sampling in regions with limited 
engagement or without approval. 

Table 38-1. Locations of pilot cruise sample stations. 

 

 

Geographical_Area Site Latitude (N) Longitude (W) 

September 2024 

Nanaimo SFN-06 49.116876 123.800095 

Campbell River WWK-1 50.016929 125.216831 

Rock Bay WWK-2 50.333553 125.416897 

Finlayson Channel FC03 52.433441 128.46681 

Klemtu Island K1 52.400273 128.483508 

ONC Hartley Bay Observatory HB1A 53.416766 129.233555 

Off Gil Island G1A 53.233518 129.133374 

Skeena River Outfall SK1A 54.066923 130.266923 

Kitsumkalum CF Station CS-12 54.15004 130.316845 

December 2024 

Princess Royal Channel FR63 53.2026 128.7477 

Milbanke Sound - Charlotte Sound MS2 52.2501 128.415 

Gill Isl (Whale) - Douglas to Hecate G2A 53.33318 129.16727 

Grenville Channel GRC32 53.77318 129.91288 

Skeena River Outfall SK1A 54.06608 130.2655 
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Figure 38-1. Water properties plots. The map shows all the locations sampled during the pilot cruises. Map insets 
display T-S plots, with the grey points representing data from the opposite month. The water property profiles are 
displayed on the right panels. 

 

Figure 38-2. Nutrient data for samples <20 mbss. The shading of the colored circles is binned by latitude, with darker 
shades representing more northern stations. 

Planned Pilot Cruise Dates 2024-2025: 

• September 7-13, 2024 (completed) 
• December 11-17, 2024 (completed) 
• May 2025 (2–8) 
• July 2025 (precise dates TBD) 
• November 2025 (precise dates TBD) 
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38.5.  Opportunities and feedback 

We are keen to have feedback from the community. The QR code below provides access to a 
feedback survey. 
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39.  MARINE BIOTOXIN MONITORING IN B.C. COASTAL WATERS 
Andrew R.S. Ross1, Mackenzie Mueller1, Béatrice Ip1, Navinder Hundal1, Nathan Matthews1, 
Blair Surridge2, Harry Hartmann2, Brian Nesbitt3, Peter McKenzie3, Nicole Frederickson4, 
Svetlana Esenkulova4, Isobel Pearsall4, Akash Sastri1, Melissa Hennekes1, Moira Galbraith1, 
Kelly Young1, Robyn Taves1, Erinn Raftery1, Sile Kafrissen1, Francesca Loro1 and R. Ian Perry5 
 

1Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C. 
 Andrew.Ross@dfo-mpo.gc.ca  
2M.B. Laboratories, Sidney, B.C. 
3Cermaq Canada, Campbell River, B.C. 
4Pacific Salmon Foundation, Vancouver, B.C. 
5Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C.   

39.1.  Highlights  
• Algal biotoxins including those responsible for amnesic (ASP), paralytic (PSP) and 

diarrhetic shellfish poisoning (DSP) behaved differently in 2024 than in previous years. 

• ASP toxin (domoic acid) in 2024 peaked later (in May/June) than normal in Malaspina 
Strait and at higher than average concentrations (~100 ng/L) in Clayoquot Sound. 

• PSP toxins (saxitoxins) in 2024 peaked earlier (in August) than normal in Clayoquot 
Sound and at unusually high concentrations (~1,200 ng/L) in Malaspina Strait.   

• In 2024 DSP toxin and yessotoxin concentrations in Malaspina Strait were lower than 
usual but similar to those in Clayoquot Sound where they were close to average. 

• PSP toxins in Barkley Sound peaked earlier in 2024 than in 2023 but at lower levels. 

39.2.  Description of the time series  

In 2015, an extraordinary phytoplankton bloom occurred along the continental shelf of western 
North America, including British Columbia (B.C.). The bloom contained species of the pennate 
diatom Pseudo-nitzschia (McCabe et al. 2016) that, under certain conditions, produce the 
neurotoxin domoic acid (DA). This algal biotoxin is responsible for amnesic shellfish poisoning 
(ASP) in humans and has been associated with illness and mortality in marine mammals 
(Lefebvre et al. 2018; Moriarty et al. 2021). In 2019, DFO funding was provided to study DA and 
other algal biotoxins including those responsible for paralytic (PSP) and diarrhetic shellfish 
poisoning (DSP) at nearshore aquaculture facilities in collaboration with B.C. salmon farmers. 
Since 2020, DFO has also been collaborating with the Pacific Salmon Foundation (PSF) Citizen 
Science Oceanography Program to monitor algal biotoxins, phytoplankton taxonomy, and 
environmental conditions in the Salish Sea. In 2022, our biotoxin monitoring program was 
extended to include samples collected by DFO during Salish Sea biophysical surveys and La 
Perouse surveys along the west coast of Vancouver Island (WCVI). In 2023, we began 
monitoring biotoxins in Barkley Sound in support of the Pacific Salmon Strategy Initiative (PSSI) 
Follow the Fish (FtF) project. This report provides a summary of results obtained between 2020 
and 2024 by DFO’s collaborative Marine Biotoxin Monitoring Program (Ross and Mueller 2024). 

Surface seawater samples are collected monthly at long-term monitoring sites (Figure 39-1; 
yellow dots) by B.C. salmon farmers and PSF citizen scientists and in Barkley Sound (dashed 
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box) by DFO colleagues as well as two or three times a year from multiple locations during DFO 
surveys (red dots), along with taxonomic samples and environmental data. Samples for biotoxin 
analysis are obtained using a 1-L filter holder and vacuum pump to draw up to 1000 mL of 
seawater through a 0.45-μm filter and collect the filtrate. The filter is then stored at -80 °C in a  
5-mL cryovial and the filtered seawater at -20 °C in a 1-L plastic bottle. After thawing at room 
temperature, biotoxins are recovered from the filter using solvent extraction and from the filtrate 
using solid-phase extraction. Both extracts are then analyzed for DA and PSP toxins using 
hydrophilic interaction chromatography, and for DSP and other lipophilic toxins using reversed 
phase liquid chromatography, combined with tandem mass spectrometry. Filter and filtrate 
measurements are used to investigate the distribution of dissolved vs. particulate biotoxin, or 
combined to obtain the total concentrations of biotoxins in seawater (Ross and Mueller 2024).     

 
39.3.  Status and trends 

Time series of total concentration (Figures 39-2 to 39-4) for biotoxins detected at long-term 
monitoring sites in Malaspina Strait (IS-2) in the Salish Sea and in Clayoquot Sound (Farm A) 
on the west coast of Vancouver Island show consistent seasonal trends between mid- to late 
2020 and December 2023, as represented by the historical average values (solid black line). 
Results for 2024 (dotted red line) showed significant deviations from these trends. For example, 
DA normally peaks in April at IS-2 but peaked in May/June in 2024 (Figure 39-2). DA peaked in 
June/July at Farm A in 2024 but at higher than average concentrations (~100 ng/L) similar to 
those seen in 2021, approaching levels associated with uptake in shellfish (Perry et al. 2023). 

  

Figure 39-2. Time series for Domoic Acid at IS-2 in Malaspina Strait and Farm A in Clayoquot Sound (Figure 39-1). 

Figure 39-1. Locations where surface 
seawater is collected for algal biotoxin 
analysis. Long-term monitoring sites in 
Malaspina Strait (IS-2), Cowichan Bay 
(CBE-2) and Clayoquot Sound (Farms A 
and B) are highlighted in yellow. Barkley 
Sound is shown by the dashed box and 
Southern Resident Killer Whale critical 
habitat by the dashed circle. 
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PSP toxins peaked in September/October at IS-2 in 2024 (Figure 39-3) but at concentrations far 
higher than average (~1,200 ng/L), more like those typically reached on the west coast of 
Vancouver Island. Total PSP toxin concentrations at Farm A peaked earlier than usual in 2024 
at values similar to those seen in 2021 (~700 ng/L). C1 was the most abundant PSP toxin, 
accounting for about 2/3 of the total PSP toxin concentration and showing the same trends. 

  

Figure 39-3. Time series for Total PSP Toxins at IS-2 in Malaspina Strait and Farm A in Clayoquot Sound. 

Yessotoxin and DSP toxins pectenotoxin 2 (PTX2) and dinophysistoxin 1 (DTX1, not shown) 
were below average concentrations at IS-2 in 2024 (Figure 39-4). These lipophilic toxins, which 
tend to peak in June/July, were present at close to average concentrations at Farm A in 2024.   

  

  
Figure 39-4. Time series for Yessotoxin and PTX2 at IS-2 in Malaspina Strait and Farm A in Clayoquot Sound. 

PSP toxins were also monitored in Barkley Sound (Figure 39-5), and near Nanaimo in 
collaboration with Snuneymuxw First Nation, during fall 2023 and 2024. Those results confirm 
that PSP toxins tend to peak in late summer/early fall and to reach higher total concentrations 
on the west coast of Vancouver Island (up to 4,000 ng/L) than in the Salish Sea. As seen in 
Clayoquot Sound (Figure 39-3), PSP toxins in Barkley Sound peaked earlier in 2024 than 2023.  
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Figure 39-5. Total PSP Toxin concentrations at 5 stations in Barkley Sound (Figure 39-1) during fall 2023 and 2024. 

39.4.  Factors influencing trends  

Analysis of seasonal biotoxin and environmental data collected during Salish Sea biophysical 
surveys carried out in April, June and October suggest that biotoxin concentrations in the Strait 
of Georgia tend to be higher when surface salinity is lower, temperature higher, and/or harmful 
algae more abundant, as reflected in the relative high proportion of particulate biotoxins (Ross 
et al. 2025). Domoic acid and PSP toxin concentrations also tend to be elevated near the 
Victoria Sill which lies south of Victoria at a depth of about 100 m within critical habitat for 
southern resident Killer Whales (SRKW; Figure 39-1, dashed circle). Results from Malaspina 
Strait, Clayoquot Sound and Barkley Sound show that PSP toxins in B.C. coastal waters tend to 
peak during fall when algae that produce them are more abundant, and to be higher on the west 
coast where periodic upwelling occurs (Figures 39-2 to 39-5).    

39.5.  Implications of those trends  

Detection of domoic acid within critical habitat for SRKW suggests that they may be at risk of 
exposure to DA, which has caused illness and mortality in other marine mammals (Lefebvre et 
al. 2018; Moriarty et al. 2021). PSP toxins are known to harm fish (Lebevre et al. 2005; Starr et 
al. 2017) and the relatively high concentrations observed in Barkley Sound during the fall may 
have implications for health and survival of local at-risk WCVI Chinook Salmon populations. 
Yessotoxin is toxic to shellfish and results obtained recently, in collaboration with Parks Canada 
and the Canadian Food Inspection Agency, suggest that yessotoxin in wild blue mussels is 
positively correlated (r2 = 0.87) with the total concentration of yessotoxin in the surrounding 
water. Hence, results from our monitoring program can be used to assess the risk posed by 
algal biotoxins to endangered marine mammals and to wild and farmed fish and shellfish. They 
can also be used to inform decisions about the timing of hatchery releases in order to minimize 
exposure to biotoxins harmful to fish, and to identify other biotoxins present in B.C. coastal 
waters that need to be assessed for their toxicity towards wild and farmed species.       
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Individual reports on inside waters (including the Strait of Georgia) 
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40.  SALISH SEA TEMPERATURE, SALINITY AND OXYGEN 
OBSERVATIONS IN 2024 

Jennifer M. Jackson, Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C.,   
jennifer.jackson@dfo-mpo.gc.ca  

40.1.  Highlights  
• Salish Sea 2024 spring conditions were generally warmer than the 1999-2024 average. 

• Summer 2024 conditions were warmer than normal in the Strait of Georgia but cooler 
than normal in the Juan de Fuca Strait; the whole region was saltier than normal. 

• Fall 2024 conditions were warmer than normal, saltier than normal and had a lower 
oxygen than normal. 

40.2.  Description of the time 
series 

Changes in the water properties of 
the Strait of Georgia and Juan de 
Fuca Strait have been monitored 
regularly since 1999 via a seasonal 
survey occurring 3-4 times per year. 
CTD (conductivity-temperature-
depth) and oxygen sensor profiles 
and bottle samples using a rosette 
are collected at about 80 stations. 
(25 with bottles, see Figure 40-1). 
These profiles and samples can be 
used to study the physical, chemical 
and biological conditions of the area. 
The latest conditions and evolution 
of temperature, salinity and oxygen 
taken along the main thalweg are 
presented here.  

In 2024, surveys were carried out 
April 11-15, June 28 – July 2, and 
October 2-8.  

40.3.  Status and Trends 

Observations of temperature, salinity and oxygen made in 2024 are compared to the 1999-2022 
averages (26-year climatology) and shown as anomalies in Figures 40-2 to 40-4. During the 
April survey, temperature conditions were generally warmer than normal all along the thalweg, 
particularly in intermediate waters in the central Strait of Georgia (Figure 40-2). The salinity was 
near-normal throughout the study area. With respect to oxygen, spring conditions were near 
normal, except in Haro Strait/ Boundary Pass which were above normal.  

Figure 40-1. Dots show the locations of stations sampled during the 
Salish Sea Biophysical Surveys. The thalweg is shown as the red line 
joining the deepest stations along the centre line of the straits. 
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Figure 40-2. Temperature, salinity, and oxygen anomalies along the thalweg observed in the spring of 2024.  

In summer, waters were warmer than the 1999-2024 average except in Juan de Fuca Strait, 
where waters were colder (Figure 40-3). In addition, with the exception of deep water in the 
Strait of Georgia, waters were saltier and had less oxygen than the average. It is likely that the 
increased salinity was linked to the low Fraser River runoff observed in 2024 (Giesbrecht and 
Moore, Section 6). The decreased oxygen could be linked to the relatively weak 2023-2024 
storm season (Evans et al. 2025).   

The fall of 2024 had a similar pattern to the summer, with waters warmer than the 1999-2024 
average everywhere except Juan de Fuca Strait and waters saltier throughout the survey. With 
the exception of deep waters in the Strait of Georgia, oxygen concentrations were lower than 
normal throughout the study area.  
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Figure 40-3. Temperature, salinity, and oxygen anomalies along the thalweg observed in the summer of 2024.  

 

Figure 40-4. Temperature, salinity, and oxygen anomalies along the thalweg observed in the fall of 2024.  

40.4.  Factors influencing trends 

Water properties in the Salish Sea are considerably influenced by ocean conditions at the 
western entrance of the Strait of Juan de Fuca, and the freshwater discharge of rivers, primarily 
the Fraser River. In addition to summer warming and winter cooling, seasonal changes occur as 
cold, salty, oxygen-poor ocean water is upwelled during the summer months, and Fraser River 
runoff peaks during the early summer. The global trends of ocean warming are reflected directly 
in the Salish Sea water temperature, and the trend of increased discharge of the Fraser River 
as glacier melt increases. The intense tidal mixing that occurs in Haro Strait effectively controls 
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the exchange of water masses between Juan de Fuca Strait and the Strait of Georgia (Masson 
2002; Pawlowicz et al. 2007). 
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41.  SPRING PHYTOPLANKTON BLOOM TIMING IN THE STRAIT OF 
GEORGIA 

Susan Allen and Doug Latornell, Earth, Ocean and Atmospheric Sciences, University of British 
Columbia, Vancouver, B.C., sallen@eoas.ubc.ca, dlatornell@eoas.ubc.ca 

41.1.  Highlights  
• The timing of the spring bloom in the Strait of Georgia in 2024 was typical. The spring 

bloom timing was the same as 2023. 

• The timing of the 2025 spring bloom was early according to the model. 

41.2.  Description of the time series  

Here we use a numerical model to show interannual variations in the phytoplankton in the Strait 
of Georgia (SOG).  As described in previous reports, SOG is a vertical one-dimensional physical 
model coupled to a Nitrate-Diatom biological model (Collins et al. 2009).  All lateral 
oceanographic processes not resolved by the model are parameterized.  The model location, 
STRATOGEM station S3, is on the Tsawwassen to Duke Point ferry route in central SOG (Perry 
et al. 2021). The model is forced by winds measured at Sand Heads, clouds and temperature 
measured at YVR (Vancouver) airport, and river flow measurements from the Fraser River and 
the Englishman River. The Fraser River flow at Hope represents the snow melt dominated part 
of the Fraser River while the Englishman River represents all other rivers and the rainfall 
dominated part of the Fraser River.  We have produced a time series of spring bloom time back 
to 1967 (Allen and Wolfe 2013). 

 

Figure 41-1. Time series of the timing of the peak of the spring phytoplankton bloom. Green- observations from 
various systems (see Sastri et al. 2019). Red – SOG model.  

41.3.  Status and trends 

The 2024 spring bloom happened between March 14 – March 24, 2024, according to the SOG 
model and in agreement with observations (Figure 41-1; R. Pawlowicz, personal 
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Communication).  Ferry data is unfortunately not available for 2025. The 2025 spring bloom 
peaked between March 8 – March 18, 2024, according to the SOG model. 

Figure 41-2. Hindcast of the 2024 spring bloom and related conditions in the Strait of Georgia. The lower panel shows 
temperature (in red) and salinity (in blue) averaged over the upper 3 m of the water column; in grey is the wind-speed 
cubed which is directly related to the strength of the mixing. The top panel shows phytoplankton biomass (in dark red) 
and nitrate (in green); in grey is the cloud fraction averaged over the day. The 2024 spring bloom was March 18 plus 
or minus 5 days.  

According to the model, the 2022, 2023 and the 2024 spring bloom had near median timing.  
The mean/median of the SOG timeseries is March 26/27 with the first quartile on March 18 and 
the third quartile on April 1.  All but one of the spring blooms since 2018 have been near first 
quartile timing. The one exception was 2021 which was late. Importantly, the last four years, 
2022, 2023, 2024 and 2025 have had very similar timing. 

41.4.  Factors influencing trends  

In 2024, after two periods of strong winds with high cloud fraction: late February to early March, 
and March 9-13, there was suddenly fine weather (Figure 41-2). According to the SOG model 
and the observations, this fine weather led to a fast, strong bloom.  The bloom peaked on March 
18. 

SalishSeaCast, a 3-dimensional model of the Salish Sea (Suchy and Allen, Section 42) allows 
us to have a spatial view of the 2024 spring bloom (Figure 41-3).  The depth-integrated diatoms 
are high in the central and southern Strait of Georgia and through much of Puget Sound.  High 
diatoms coincide with low nitrate.  In the northern Strait of Georgia, nutrients are not yet low and 
indeed the spring bloom in the northern Strait of Georgia was observed to peak on March 26, 
2024 (Del Bel Belluz, Section 19). 
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Figure 41-3. The 2024 Spring Bloom spatial distribution, on March 22, according to the SalishSeaCast Model. The left 
panel shows depth integrated diatom biomass; the right panel shows nitrate averaged over the upper 3 m of the 
water column; the grey box shows the model domain. 

41.5.  Implications of those trends   

The timing of the spring phytoplankton bloom can impact age-0 herring abundance, with 
abundance being larger for blooms with typical timing (Boldt et al. 2018). Extreme shifts of 
timing have led to poor zooplankton growth (e.g., Sastri and Dower 2009) and late spring 
blooms are also associated with fewer large and medium copepods (Perry et al. 2021).  With 
the 2024 spring bloom typical and identical in timing to 2023, one would expect a good 
zooplankton year, particularly for large and medium copepods, and good age-0 herring 
abundance. Observations support this expectation (Sastri and Galbraith, Section 20: Boldt et al., 
Section 46). 

41.6.  References  

Allen, S.E., and Wolfe, M.A. 2013. Hindcast of the timing of the spring phytoplankton bloom in 
the Strait of Georgia, 1968-2010. Prog. Oceanogr. 115: 6-13. 

Boldt J., Thompson, M., Rooper, C., Hay, D., Schweigert, J., Quinn, T.J. II, Cleary, J., and 
Neville, C. 2018. Bottom-up and top-down control of small pelagic forage fish: factors 
affecting age-0 herring in the Strait of Georgia, British Columbia. Mar. Ecol. Prog. Ser. 
617: 53-66. 

Collins, A.K., Allen, S.E., and Pawlowicz, R. 2009. The role of wind in determining the timing of 
the spring bloom in the Strait of Georgia. Can. J. Fish. Aquat. Sci. 66: 1597-1616. 



223 
 

Perry, R.I., Young, K., Galbraith, M., Chandler, P., Velez-Espino, A., and Baillie, S. 2021. 
Zooplankton variability in the Strait of Georgia, Canada, and relationships with the 
marine survivals of Chinook and Coho salmon. Plos one. 16(1): e0245941. 

Sastri, A.R., and Dower, J.F. 2009. Interannual variability in chitobiase-based production rates 
of the crustacean zooplankton community in the Strait of Georgia, British Columbia, 
Canada. Mar. Ecol. Prog. Ser. 288: 147-157. 

Sastri, A.R., Guan, L., Dewey, R., Mihaly, S., and Pawlowicz, R. 2019. Deep water and sea 
surface properties in the Strait of Georgia during 2018: Cabled instruments and ferries. 
In: Boldt, J.L., Leonard, J., and Chandler, P.C. (Eds.). State of the physical, biological 
and selected fishery resources of Pacific Canadian marine ecosystems in 2018. Can. 
Tech. Rep. Fish. Aquat. Sci. 3314: vii + 248 p. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



224 
 

42.  INTERANNUAL SUMMER PRODUCTIVITY IN THE STRAIT OF 
GEORGIA 

Karyn Suchy and Susan Allen, Earth, Ocean and Atmospheric Sciences, University of British 
Columbia, Vancouver, B.C., ksuchy@eoas.ubc.ca, sallen@eoas.ubc.ca 

42.1.  Highlights  
• Summer diatom biomass in the Strait of Georgia in 2024 was typical to slightly higher 

than the long term mean. 

• Zooplankton summer diet was more diatom based than the long term mean. 

• Sea surface temperature was slightly cooler and winds were typical in 2024 compared to 
the long term mean, consistent with the observed productivity. 

42.2.  Description of the time series  

Here we use a numerical model to estimate interannual variations in the 
phytoplankton and zooplankton in the Strait of Georgia (SOG). As 
described in previous reports, SalishSeaCast is a three-dimensional 
coupled bio-chemical-physical model of the Salish Sea (Figure 42-1). The 
physical model is based on NEMO (Madec et al. 2015). Grid resolutions 
are approximately 500 m in the horizontal and 1–22 m in the vertical, with 
higher resolution near the surface (Soontiens et al. 2016). The model is 
forced by realistic winds and solar radiation from Environment and Climate 
Change Canada’s HRDPS 2.5 km model (Milbrandt et al. 2016). River 
input is based on an empirical fit to local, gauged rivers. The biological 
model, SMELT, has 3 nutrient, 2 phytoplankton, 2 zooplankton, and 3 
detritus groups (Olson et al. 2020; Suchy et al. 2023). The phytoplankton 
groups are: diatoms, representing both pennate and centric diatoms, and 
nanoflagellates, representing primarily haptophytes, cryptophytes, and 
prasinophytes. We present summer phytoplankton dynamics in the central 
SOG (Figure 42-1) based on version v202111 of the model, for which we 
now have an 18-year time series (2007-2024). 

Previous studies have linked zooplankton biomass anomalies in the SOG 
to large scale climate indices such as the North Pacific Gyre Oscillation 
(NPGO; Mackas et al. 2013) and the Pacific Decadal Oscillation (PDO; 
Perry et al. 2021). Recently, we used SalishSeaCast to show that summer 
winds are the main mechanistic link between these correlations (Suchy et 
al. 2024). Summer diatom biomass is typically lower during warm years as 
weaker winds during warmer summers reduce nitrate flux, which favours 
nanoflagellate growth. Warmer sea surface temperatures (SST) also 
favour the nanoflagellates. Warm/weak wind years may result in a 
mismatch between phytoplankton and large, energy-rich crustaceans in the central SOG, 

Figure 42-1. Domain of the 
SalishSeaCast model showing 
central Strait of Georgia Box 
used for analysis. 
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resulting in lower abundances of the latter (Figure 42-2; Suchy et al. 2022). 

 

Figure 42-2. Spring (March to May) wind anomalies (black triangles), and spring sea surface temperature anomalies 
(purple boxes) versus May-July diatom biomass anomalies (green bars) in the central SOG.  Note the positive 
correlation of diatom biomass with winds and the negative correlation with temperature. 

 

Figure 42-3. Depth-integrated diatom biomass in 2024 (black dashed line) compared to average positive NPGO years 
(blue) and average negative NPGO years (red) in the central SOG. Note the high biomass in June 2024 more typical 
of cold years. 

42.3.  Status and trends 

Diatom biomass in the model Central SOG box (Figure 42-1) was integrated over the top 100 m 
and then averaged over May-July (critical period for juvenile salmon). Diatom biomass 
anomalies (Figure 42-2) were higher in years with cooler SST and stronger winds than those 
with warm SST and weaker winds. In 2024, winds were typical in the spring and SST was cool. 
Diatom biomass was typical to slightly high in May-July.   

42.4.  Factors influencing trends.    

Negative phases of the NPGO are correlated with weak summer winds and warm SST in the 
Salish Sea (Suchy et al. 2024). Since 2017, the NPGO has been consistently in a negative 
phase. The NPGO affects the Salish Sea in multiple ways including impacting the end of winter 
nitrate levels, the timing of the spring bloom (Suchy et al. 2022) and the strength of wind 
upwelling pulses in the summer (Moore-Maley and Allen 2022). In 2024, diatom biomass was 
low in March compared to other NPGO negative (warm-phase) years. However, June biomass 
was relatively high and similar to the biomass seen in typical NPGO positive (cold) years (Figure 
42-3). 
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Figure 42-4. Mean monthly nanoflagellate and diatom biomass for the four highest NPGO years in the time series 
(Cold Years) and the four lowest NPGO years in the time series (Warm Years). 

42.5.  Implications of those trends.   

Seasonal patterns in the ratio of the two phytoplankton groups in SalishSeaCast are strongly 
linked with the strength of summer winds and the summer sea surface temperature. Summer 
phytoplankton during warm, weak wind years, on average, have fewer diatoms and more 
nanoflagellates (Figure 42-4). Thus, the food available to zooplankton may be significantly 
impacted by interannual variations in summer meteorological conditions. Summer diatom 
biomass in 2024 was typical to slightly higher than average in the model due to the stronger 
winds and colder SST compared to 2020-2022. As a result, zooplankton in the model grazed on 
a higher proportion of diatoms in the summer of 2024 compared to 2020-2022. Stronger 
summer winds and colder SST are normally associated with the positive phase of the NPGO; 
however, in 2024 the NPGO remained in its negative/warm phase. 
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43.  OCEANOGRAPHIC CONDITIONS AND HARMFUL ALGAL 
BLOOMS IN THE STRAIT OF GEORGIA 2024 

Svetlana Esenkulova1, Rich Pawlowicz2 and Nicole Frederickson1 

 
1 Pacific Salmon Foundation (PSF), Vancouver, B.C., sesenkulova@psf.ca, 
nfrederickson@psf.ca 
2 University of British Columbia (UBC), Vancouver, B.C. rich@eos.ubc.ca 

43.1.  Highlights  
• Temperatures in the Strait of Georgia in 2024 were above normal in synchrony with 

ENSO but not with PDO. Salinities were also high, in synchrony with the NPGO. 

• “Double” spring blooms occurred in March and May, nutrient (nitrate) exhaustion did not 
occur until June. 

• There were dense but localized blooms of Noctiluca scintillans, Pseudo-nitzschia was 
abundant in May. 

43.2.  Citizen Science Program 

A Citizen Science (CitSc) oceanography program 
was operated by the Pacific Salmon Foundation 
(PSF) from 2015 to 2024. This program included 
several dozen trained citizens organized into crews 
working on 7-10 vessels. Technical support was 
provided by PSF, as well as its partners at Ocean 
Networks Canada (ONC), Fisheries and Oceans 
Canada (DFO), and the Universities of Victoria 
(UVIC) and British Columbia (UBC). Details can be 
found in the annually updated Atlas of 
oceanographic conditions in the Strait of Georgia 
(https://marinedata.psf.ca/atlases/oceanographic-
conditions/) and in bloom updates on social media 
(facebook.com/CitizenSciencePhytoplankton). 
Sampling in 2024 marked the 10th and final year 
led by PSF. 

 

 

 

 

 

 

 
Figure 43-1. Map of the Strait of Georgia with 
CitSci (and other) program sampling locations in 
2024. Different colours represent different 
patrols. 

 

mailto:sesenkulova@psf.ca
mailto:nfrederickson@psf.ca
about:blank
https://marinedata.psf.ca/atlases/oceanographic-conditions/
https://marinedata.psf.ca/atlases/oceanographic-conditions/
https://www.facebook.com/CitizenSciencePhytoplankton


229 
 

 

43.3.  Description of the time series  

In 2024, CitSci sampling occurred 
at ~55 sites (Figure 43-1) 2 to 3 
times a month between February 
and October with some additional, 
once a month “winter” sampling. 

Conductivity, temperature, depth, 
dissolved oxygen (DO), chlorophyl 
fluorescence (CTD/O2/Fl) profiles 
to 150 m depth were collected at 
all stations for a total of 740 
profiles. These were combined 
with additional stations obtained by 
the Hakai Institute (157 profiles), 
the Tsleil-Waututh Nation (170 
profiles), and the Snuneymuxw 
Nation (185 profiles) for averaging 
purposes. Raw data for all except 
Hakai profiles were archived and 
processed by ONC (community 
fishers web app). Nutrient samples 
were collected at two depths (0 

and 20 m) at ~30 stations (~832 samples in total), phytoplankton samples at the surface at all 
stations and additionally at 5, 10, and 20 m at ~30 stations (~950 samples). Surface seawater 
and filter samples were also collected at four stations for biotoxin analysis (~50 samples). 
Sample/measurement processing and analysis was done at the PSF, UBC, ONC, and DFO. 
Phytoplankton samples were analyzed on a Sedgewick-Rafter slide; specimens were identified 
to the lowest taxonomic level possible and enumerated (cells mL-1) for dominant species or 
groups and species known or suspected to have negative effects on aquaculture in B.C. (Haigh 
et al. 2004). 

43.4.  Status and trends 

In 2024, Strait of Georgia conditions were typical with the coldest deeper waters in spring, 
followed by a warmer, more saline, and oxygen-deficient deep waters in summer/fall (Figure 43-
2). As in previous years, oxygen levels were greater than 6 ppm or 187 uM only in waters 
shallower than about 25 m depth in late summer, and greater than 8 ppm in waters shallower 
than about 10m at the same time (Figure 43-2). Salmonids show avoidance behaviors at DO of 
4.5 to 8 ppm (BCMECCS 1997a, b) and temperatures > 17C (US EPA 2003); the upper 6 m of 
the water column were warmer than this in July and August. This seasonal cycle was similar to 
conditions in most years except temperatures below 100 m were significantly warmer in 2024; 
salinity remained about the same (Figure 43-3).  

Now with 10 years of data in this program, a clear correlation can be seen in deep water 
temperature anomalies, obtained after subtracting a 2015-2024 seasonal average (and to a 
lesser degree in near-surface temperature anomalies) with an El Nino/Southern Oscillation 

 
Figure 43-2. Annual cycle for water properties in the Strait of Georgia 
in 2024. White lines mark conservative physiological boundaries for 
salmonids (warmest temperature 17C, lowest O2 6ppm or 187 uM 
(solid) and 8 ppm or 250 uM (dashed) for instantaneous and 30-day 
mean limits in approved B.C. Water Quality guidelines for fish at all 
life stages). 
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(ENSO) index (Figure 43-3). This correlation between temperature anomalies and ENSO is 
slightly better than the correlation with the Pacific Decadal Oscillation (PDO) index. Both shallow 
and deep salinity anomalies, however, are most strongly (and negatively) correlated with the 
North Pacific Gyre Oscillation (NPGO), and so remained high in 2023 and 2024. Dissolved 
oxygen anomalies, especially in deep water, and summer chlorophyll levels are also correlated 
with the NPGO.  

 

Figure 43-3. Strait-wide trends in water property anomalies from 2015-2024. Red values are higher than a 2015-2024 
seasonal average, and blue values are lower (although this has been reversed for salinity). Interspersed are values of 
ENSO, PDO, and NPGO climate indices relevant to the NE Pacific. 
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Based on in-situ chlorophyll fluorescence observations, there was a distinct “double” spring 

bloom in March and May, whose magnitude was relatively weak compared with those of the 
past few years, with a very weak fall bloom in September. The first bloom also did not end with 
nutrient exhaustion, although surface nitrate levels had finally reached very low values in June 
after the second bloom. Although the summer had reasonably low nitrate conditions, exhaustion 
was not as pronounced as in 2016-2019, and silicate levels remained relatively high (Figure 42-
4). 

 

 

Figure 43-4. Strait-wide trends in average surface properties (left) and average harmful algae (right) over 2015-2023; 
note that Fraser River flow and Chlorophyll are duplicated in both sides to facilitate vertical comparisons. 

As of February 2025, only ~340 out of ~950 plankton samples had been analyzed. The spring 
bloom primarily consisted of a mixture of chain-forming diatoms (Thalassiosira, Chaetoceros, 
Skeletonema). The diatom Pseudo-nitzschia spp. was abundant in May. Localized, vivid orange 
blooms of Noctiluca scintillans were observed in April, May, and June, with confirmed sightings 
at Thetis Island and Sechelt in April, Saltery Bay in May, and Wilson Inlet in June (Figure 43-5). 

Several algae cause harmful effects at non-bloom densities. Some of them, like Chaetoceros 
convolutus and C. concavicorne, are nontoxic but have very large cells with spikes that are 
mechanically harmful to fish gills (Haigh et al. 2004). Some algae produce toxins which can be 
harmful at very low concentrations. Species from Alexandrium and Dinophysis genera produce 
toxins that cause shellfish poisoning (PSP and DSP).  
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Figure 43-5. Noctiluca bloom in Sechelt, April, 2024 (photo by N. Frederickson, PSF) and Wilson Inlet, July 27, 2024 
(photo by Ginny Sherrow); Noctiluca cell under the microscope (photo by S. Esenkulova, PSF). 

43.5.  Factors influencing trends  

Phytoplankton dynamics are directly governed by environmental factors. Harmful algae 
concentrations in SOG are linked to environmental parameters (e.g., temperature, salinity, 
nutrients, and stratification) and exhibit strong inter-annual and spatial differences (Esenkulova 
et al. 2021). Variations in oceanographic conditions and phytoplankton communities influence 
higher trophic levels (zooplankton and fish), however these links in SOG are not yet fully 
understood. 

43.6.  Implications of those trends   

Salmonids are vulnerable to warm waters and hypoxia. The SOG was warm and approached 
the DO limits for salmonids in several areas at the end of summer 2024, although this is not 
different than in most years. There are however interannual changes in water conditions that are 
linked to changing climate. Blooms of Heterosigma in the SOG have caused multimillion dollar 
losses to aquaculture industry in all recent years (Haigh and Esenkulova 2014) and have been 
linked to poor salmon returns (Rensel et al. 2010). Subsequently, several indications were found 
that wild juvenile salmon in SOG may be directly affected by algal blooms (Esenkulova et al. 
2022). A study based on four years of CitSc data found that ichthyotoxic blooms were 
associated with negative impacts at the finfish farms, and high abundance of Alexandrium and 
Dinophysis were associated with high PSP and DSP toxin concentrations in shellfish 
(Esenkulova et al. 2021). Studies on impact of HABs on food web dynamics and potential 
outcomes for finfish and shellfish are needed.  
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44.  SOUNDSCAPE PATTERNS IN THE SALISH SEA (2018-2024) 
Rianna Burnham, Svein Vagle, and Max Lauch, Fisheries and Oceans Canada, Institute of 
Ocean Sciences, Sidney, B.C.  rianna.burnham@dfo-mpo.gc.ca, svein.vagle@dfo-mpo.gc.ca, 
maximilian.lauch@dfo-mpo.gc.ca.  

44.1.  Highlights  
• Seven years of acoustic monitoring data was used to describe the soundscape of the 

Salish Sea. Spatiotemporal patterns seen for 2024 were similar to previous years. 

• Commercial vessel noise was a consistent addition at Swiftsure Bank and in western 
Juan de Fuca Strait, and more acute in Haro Strait and Boundary Pass.  

• Recreational vessel noise was more prevalent in inshore waters around the Gulf Islands, 
especially in the summer. 

• Abiotic noise from wind and storm events was typically reduced in the summer months. 

• During April-October, there was an elevated lower-frequency noise recorded in Haro 
Strait, thought to be related to the start of Transmountain Expansion project shipping. 

44.2.  Description of the time series 

The first deployments of six Autonomous Multichannel Acoustic recorders (AMAR, G4, JASCO 
Applied Sciences) with GeoSpectrum Technologies M36-100 hydrophones were made in early 
2018; since then, an additional five recording locations have been added throughout the Salish 
Sea (Table 44-1). Recordings are made constantly. Oceanographic sensors including CTDs, 
current meters, wave loggers and turbidity sensors were positioned on the moorings, as well as 
reference made to meteorological data and vessel tracking records, to examine spatiotemporal 
patterns in sound speeds and aid soundscape data interpretation and analysis.  

Table 44-1. Deployment location, date, and water depth of each of the Salish Sea moorings. 
Location Latitude-longitude Depth (m)  Deployment Date 
La Perouse Bank 48° 23.085'N, 125° 48.326'W 150 May 2019- 
Swiftsure Bank 48° 30.924'N, 124° 56.156'W 75 Jul. 2017- 
Swiftsure Bank ISZ 48° 33.120'N, 125° 00.432'W 40 Feb. 2020-Jun. 2023 
Port Renfrew 48° 30.274'N, 124° 31.016'W 170 Feb. 2018- 
Jordan River 48° 23.793'N, 124° 07.976'W 120 Feb. 2018- 
Sooke 48° 17.365'N, 123° 39.137'W 165 Feb. 2018- 
Haro Strait 48° 29.750'N, 123° 11.567'W  235 Jan. 2018- 
Turn Point 48° 42.099'N, 123° 16.654'W 195 Jun. 2018-Aug. 2018 
Boundary Pass 48° 44.014'N, 123° 08.741'W 180 Feb. 2018- 
Swanson Channel 48° 44.340'N, 123° 15.340'W 75 Aug. 2019 
East Point 48° 46.566'N, 123° 04.156'W 85 May 2020-Jul. 2023 
Strait of Georgia N 49° 11.568'N, 123° 20.788'W 190 Aug. 2020- 
Strait of Georgia S 48° 58.862'N, 123° 24.303'W 240 Aug. 2020- 
Strait of Georgia SE 48° 53.400'N, 123° 10.200'W 132 Jul. 2023- 

Different percentiles were considered when analysing the passive acoustic data. Background 
sound levels were described using Q1, the percentile which represents levels met or exceeded 
by 99% of the recordings. Conversely, the noisiest periods were represented using the 95th 
percentile (Q95) representing sound levels met or exceeded only 5% of the time. The median 
(Q50) was used to represent a more typical sound level. Various frequency ranges were also 
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examined, including the full broadband recording range (10-100000 Hz, typical flow noise range 
(10-100 Hz), commercial vessel frequencies (100-1000 Hz, 57-71 Hz,113-141 Hz), as well as 
wind noise (7,500-8500 Hz) and rain noise (19500-20500 Hz) ranges. The soundscape and 
sound levels in each frequency range of interest is dependent on the dominant noise sources at 
any given mooring location through time. 

44.3.  Status and trends 

Considering the broadband frequency (10 -100000 Hz) seasonal patterns are apparent (Figure 
44-1). Spatially, commercial vessel noise was more consistent in the west, for Swiftsure Bank 
and moorings in western Juan de Fuca Strait, whereas its addition to the soundscape is more 
acute for Haro Strait and Boundary Pass (Burnham et al. 2021). Recreational vessel additions 
were more prevalent in inshore waters around the Gulf Islands. Elevated Q1 levels in the lower 
frequencies during the summer at Haro Strait and Boundary Pass may be a result of season 
vessel slowdown measures in these areas. 

  

Figure 44-1. Broadband (10-100,000 Hz) weekly median sound pressure levels (SPL) for sites in the Salish Sea. (A): 
Swiftsure Bank, (B): Port Renfrew, (C): Jordan River, (D): Sooke, (E): Haro Strait, (F): Boundary Pass, (G): Swanson 
Channel (H): Strait of Georgia South, (I) Strait of Georgia North. Grey shading: difference between minimum and 
maximum values for 2018 – 2023 (A-F) or 2020-2023 (G-I), with the black line representing the average for that 
period. Red line = median values for 2024. All for Q1 (lower lines/area), median (middle lines/area), and Q95 (upper 
lines/area). 

Decreases in sound levels at Swiftsure Bank during the summer months (Figure 44-1A) may 
represent reduced wind and storm events. The influence of offshore winds can extend as far 
eastward as Jordan River. Calmer summer winds in the west contrast to the localised increases 
at Sooke (see Figure 44-1D and Burnham et al. 2021). Increased noise levels during the 
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summer months for moorings in Juan de Fuca Strait and the Gulf Islands (e.g., Figure 44-1B, 
44-1C, 44-1G) is attributed to a greater presence of recreational vessels. Indeed, elevated 
sound levels in higher-frequency noise have been noted, particularly during daylight hours, and 
over weekends suggesting recreational vessels as the source. Increases at Swanson Channel 
(Figure 44-1G) may also result from increased ferry transits during the summer. Soundscape 
patterns in the Strait of Georgia reflect the ferry schedule. The regularity of the pattern of almost 
hourly noise increases, and a change in this pattern representing daylight saving time indicated 
the source. Elevated broadband noise in fall-winter months (seen strongly for Q95 in Figure 44-
1C and 44-1H, and for 44-1A and 44-1B) represents increased commercial shipping demand 
prior to Christmas.  

Interannual variation in sound levels at each site was limited, however there were some notable 
differences for 2024 compared to previous years. Swiftsure Bank and Port Renfrew both started 
2024 with elevated broadband sound levels, which decreased mid-February to March to lower 
than average levels. When examined in other frequency ranges, it was determined that this was 
a result of noise sources in frequencies less than 100 Hz. Increases in commercial vessel noise 
frequencies were anticipated for 2024, resulting from increases in vessel transits related to the 
Transmountain Expansion project that started sailing in May. These additions were apparent in 
the lower frequencies at Haro Strait, which also showed elevated peaks in noise from additions 
in the lowest frequencies (< 100 Hz) April through to October (Figure 44-1E). 

44.4.  Factors influencing trends  

Proximity of each mooring to the commercial shipping lanes shaped low-frequency noise 
additions to the soundscape, whereas recreational vessels influenced sound levels in the higher 
frequencies, particularly in the summer (Burnham et al. 2021). Abiotic noise (wind/waves) was 
most prevalent at Swiftsure Bank and sites in western Juan de Fuca during the winter, and more 
localised in the early summer at Sooke. Seasonal sound level changes may be attributed to 
management measures for at-risk species including slowdowns and/or fishing closures. More 
work is needed to verify this.  

44.5.  Implications of the observed trends  

Spatiotemporal patterns are beginning to be understood for the soundscape in the Salish Sea 
from the seven-year time series. This will set a baseline for future changes from anticipated 
vessel transit increases and/or noise mitigation measures. A vessel noise model, validated and 
refined using recordings, confirms the dominance of commercial vessel noise over abiotic 
additions in all areas and at all times. It will help interpolate sound levels between mooring 
locations, and predict soundscape changes. Together, the recordings and model can also be 
used to estimate the effectiveness of management measures aimed at reducing acoustic 
disturbance to at-risk species.   
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45.  ZOOPLANKTON STATUS AND TRENDS IN THE CENTRAL AND 
NORTHERN STRAIT OF GEORGIA, 2024 

Kelly Young1, Moira Galbraith1, Akash Sastri1, and R. Ian Perry2 

 
1Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., Kelly.Young@dfo-
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45.1.  Highlights  
• 2024 zooplankton biomass peaked in September. 

• Small copepods dominated by numbers (abundance), but ‘fish food’ plankton (medium-
large calanoids, euphausiids and amphipods) had a higher contribution by biomass. The 
biomass of the large calanoid copepod, Neocalanus plumchrus, has increased. 

• 2024 zooplankton biomass trended up from 2022-23 and was higher than the average 
biomass overall (preliminary). 

• Zooplankton times series clustered into 3 periods: 1996-2005; 2006-2014; 2015-2024. 

45.2.  Description of the time series 

Zooplankton samples have been collected at 
approximately 20 standardized stations monthly 
from February to October since 2015, with historic 
(but sporadic sampling effort) data going back to 
1996.  

We described current trends of abundance (m-3) 
and biomass (mg m-3) as monthly averages of all 
samples processed in 2024 in the deep (bottom 
depths greater than 50 m, and vertical net haul 
samples which covered over 70% of the water 
column), central and northern Strait of Georgia 
(SOG; averaged together; Figure 45-1). Sample 
processing is ongoing to fill in the other regions, 
and the results are preliminary. 

For historical comparison, the seasonal variability in 
the zooplankton data was removed by calculating a regional, log-scale biomass anomaly for 
selected species for a given year.  A multi-year (1996-2021) average seasonal cycle 
(“climatology”) was calculated as a baseline to compare monthly conditions during any single 
year. Seasonal anomalies were then averaged within each year to give an annual anomaly 
(Mackas et al. 2013; Perry et al. 2021). The anomaly data by major zooplankton groups for 
1996-2024 can be accessed in the pacea R package (Edwards et al. 2023). 

Figure 45-1. The central and northern Strait of 
Georgia (SOG) shown by the red boxes. 
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45.3.  Status and trends 

The total zooplankton biomass in 2024 
ranged from 19.75 - 357.85 mg m-3, 
with the lowest biomass occurring in the 
winter (Feb; mean 30.8 mg m-3;13.2 mg 
m-3 sd) and an initial peak in June 
(mean 143.2 mg m-3; sd 81.9 mg m-3) 
but reaching the highest mean biomass 
in September (172.8 mg m-3; sd 132.3 
mg m-3; Figure 45-2). 

Overall, total biomass was above 
average in 2024 and was higher than in 
2022-2023 (Figure 45-3). 

The peak timing of the abundance and biomass of the zooplankton in the SOG varied by 
species (Figure 45-4), and followed similar trends as previous years (e.g., Young et al. 2024). 
Copepods, particularly calanoid copepods, dominated the zooplankton by abundance (Figure 
45-4, left).  

Figure 45-4. Taxonomic composition of zooplankton from northern and central Strait of Georgia in 2024, averaged by 
month. Left: abundance (m-3); Right: biomass (mg m-3). Legend: CalCops.larg – calanoid copepods, prosome length 
(PL)>3 mm; CalCops.med – calanoid copepods PL 1-3 mm; CalCops.smal – calanoid copepods PL <1 mm; 
NonCalCops – all other copepods; Amphipods – all amphipods (hyperiid and gammarid); Decapod – all decapods 
(shrimp, crab larvae); Euphausiid – all euphausiids (eggs, larvae and adults); Cnidarian + Cteno – all Cnidarian 
(medusa and siphonophores) and Ctenophores; Other – everything else: Molluscs, Polychaetes, Chaetognaths, 
Ichthyoplankton, Larvaceans, etc. 

Figure 45-2. Average total biomass (mg m-3) of zooplankton by month in the north and central (averaged together) Strait of 
Georgia for 2020-2024. Boxplots show median and spread of data, blue dot and line follows the mean biomass. 

Figure 45-3. Annual biomass anomalies of total zooplankton biomass 
in the deep waters of the central and northern Strait of Georgia, 
1996-2024. 
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Medium- and large-body calanoid copepods and the larger crustaceans (euphausiids and 
amphipods) dominated the biomass (Figure 45-4, right). The composition of copepods was 
similar to previous years with Calanus sp. (C. pacificus and C. marshallae) and Metridia pacifica 
making up the majority of the biomass (Figure 45-5). There was a large increase in the 
proportion of Neocalanus plumchrus and less Eucalanus bungii of the large-sized copepods in 
2024 than in the previous years (Figure 45-6).  

Chronological clustering (i.e., keeping years adjacent in order) analysis to determine sequences 
of years with similar characteristics based on selected zooplankton groups (following Perry et al. 
2021) indicated 3 significant groups (determined using a ‘broken stick’ model). The resulting 
grouping of years with similar zooplankton composition were approximately every 10 years: 
1996-2005, 2006-2014, and 2015-2024 (Figure 45-6).  

45.4.  Factors influencing trends  

Trends in zooplankton composition and biomass have been linked to large scale climate indices 
(Li et al. 2013; Mackas et al. 2013; Perry et al. 2021), as well as local factors such as timing of 
the Fraser River freshet (Mackas et al. 2013), sea surface salinity and timing of the peak date of 
the spring phytoplankton bloom (Perry et al. 2021). 

45.5.  Implications of those trends.  

Medium and large sized crustaceans (calanoid copepods, euphausiids and amphipods) make 
up the majority of the total biomass of zooplankton in the SOG, and variations in these groups 
over time have been shown to be important variables in the modeled marine survival of some 
Chinook and Coho Salmon populations that enter the SOG as juveniles (Araujo et al. 2013; 
Perry et al. 2021). A consistent zooplankton monitoring program in the Salish Sea can assist 
with projections of future abundances of juvenile salmon. 
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Figure 45-5. Monthly averaged percent biomass of 
copepods (summarized by major groups) for 2024. 

Figure 45-6. Yearly averaged percent biomass of the main 
medium-large calanoid copepods from 1996-2024. 
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46.  STRAIT OF GEORGIA JUVENILE HERRING SURVEY  
Jennifer L. Boldt1, Matt Thompson1, Hilari Dennis-Bohm1, Matthew H. Grinnell1, Jaclyn Cleary1, 
Chris Rooper1, Jake Schweigert2, Doug Hay2 

 
1Fisheries and Oceans Canada, Pacific Biological Station, B.C. Jennifer.Boldt@dfo-mpo.gc.ca 
2Emeritus, Fisheries and Oceans Canada, Pacific Biological Station, B.C. 

46.1.  Highlights 
• In 2024, the index of the relative biomass of age-0 herring was near the time series 

mean.  

• Age-0 herring were smaller than average, but their condition was above average.  

• In 2024, Northern Anchovy relative biomass was the 2nd largest of the time series (with 
high variance). 

46.2.  Description of indices 

The Strait of Georgia (SOG) juvenile (age-0) Pacific Herring survey is a monitoring program that 
samples the nearshore pelagic fish community, the zooplankton community, and physical water 
column properties. A goal of the survey is to estimate an index of the relative biomass 
(abundance) of age-0 Pacific Herring as a potential predictor of the abundance of age-3 Pacific 
Herring recruits estimated in the annual stock assessment model. This index may also 
represent trends in potential prey availability to Coho and Chinook Salmon and other predators.   

Ten standard transects, each with three to five stations (total 48 standard stations), distributed 
around the perimeter of the SOG, have been sampled consistently during September-October 
since 1992 (except 1995 and 2020; Thompson et al. 2013; Thompson et al. 2003; Boldt et al. 
2015; Figure 46-1). Additional transects were sampled in 2021 (1 additional transect), 2022 (2), 
and 2023 (1; Figure 46-1). Sampling was conducted after dusk when herring were near the 
surface with purse seine sets at predetermined stations. Species’ catch weights were estimated 

and, in the laboratory, fish were sorted to species, weighed, and measured (nearest mm). The 
age-0 Pacific Herring index of catch weight per-unit-effort (CPUE and associated variance) was 
calculated using standard transects and Thompson’s (1992) two-stage (transect, station) 
method and variance estimator (see Boldt et al. 2015). In addition, Pacific Herring condition was 
calculated as residuals from a double-log-transformed length-weight regression (Boldt et al. 
2019). In 2021-2024, scientific echosounder data were collected at standard transects to 
supplement the survey. These data and stereo-optic camera collections will be analyzed and 
published.  

46.3.  Status and trends 

In 2024, 8 of 10 standard transects were sampled. Weather prevented sampling of some 
stations. Age-0 Pacific Herring were caught in 36 of the 41 stations sampled. Estimates of mean 
catch weights (g), abundance, and CPUE (weight and abundance) of age-0 Pacific Herring 
varied interannually with no significant linear trend during 1992-2024 (Figure 46-2). The age-0 
Pacific Herring indices tended to peak every two or three years, with the peaks occurring in 
even years during 2004-2012. During 2013-2022, the indices were intermediate-low compared 
to the peaks in the time series, peaked again in 2023, and were near average in 2024 (Figure 
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46-1). In 2024, indices (using standard transects) decreased from the peak observed in 2023. 
High estimates of variability are associated with peak index values; the survey coefficient of 
variation (CV) was 0.49 (Figure 46-2).   

Age-0 Pacific Herring length-weight residuals increased during 1997-2012, and were positive in 
2005 and 2007-2024 (Figure 46-2). In 2024, Pacific Herring condition was above average; 
however, the average length and weight of age-0 Pacific Herring was low compared to time 
series average (1992-2024; Figure 46-2). Energy density was the 2nd lowest, since 
measurements began in 2012 (Figure 46-2). In 2024, Northern Anchovy were caught in 26 of 37 
standard stations sampled (Figure 46-3); this is the highest proportion in the time series (Figure 
46-3). The relative biomass index of anchovy was the 2nd highest in the time series, although 
the variance around biomass estimates are high. 

 

Figure 46-1. Stations sampled during the 2024 Strait of Georgia age-0 Pacific Herring survey (numbers represent 
transects).  
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Figure 46-2. Mean catch weight (kg) and catch weight-per-unit-effort (weight CPUE; g/m2; for standard stations and 
all stations sampled) (top, left panel); mean standard length (mm) and weight (g) (top, right panel); mean condition 
(residuals from a double log-transformed length-weight regression; bottom, left panel); and energy density (bottom, 
right panel) of age-0 Pacific Herring in the Strait of Georgia. Standard error bars are shown. 

 

 

Figure 46-3. Mean catch weight (kg) and catch weight-per-unit-effort (weight CPUE; g/m2; for standard stations and 
all stations sampled; standard error bars are shown) of Northern Anchovy in the Strait of Georgia.  
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46.4.  Factors causing trends 

Bottom-up processes (prey-driven) are the main factors affecting the interannual variability in 
age-0 Pacific Herring abundance and condition (Boldt et al. 2018). Bottom-up factors include 
zooplankton prey availability, Pacific Herring spawn biomass, temperature, and the date when 
most Pacific Herring spawn relative to the spring bloom date. The timing or match-mismatch 
between spawning Pacific Herring and the subsequent availability of prey to juveniles appears 
to be important in determining abundance of age-0 Pacific Herring in the fall (Schweigert et al. 
2013; Boldt et al. 2018). No negative effects of the juvenile salmon competitors or predators 
were detected on age-0 Pacific Herring abundance (Boldt et al. 2018), implying that when 
conditions are good for age-0 Pacific Herring, they are also good for juvenile salmon species. 
Herring recruitment and survival has also been linked to water temperatures (Tester 1948; Ware 
1991) and bottom-up control of production (Ware and Thompson 2005; Perry and Schweigert 
2008; Schweigert et al. 2013).   

46.5.  Implications of trends 

Age-0 Pacific Herring survey indices may provide a leading indicator of low recruitment years. In 
2005 and 2007, there were low age-0 and subsequent low age-3 recruit abundances. Juvenile 
and adult Pacific Herring are prey for piscivorous fish, marine mammals, and seabirds and are 
important commercial species in B.C.’s coastal waters. Changes in Pacific Herring abundance 
may affect availability to commercial fisheries as well as the survival of predators, such as Coho 
and Chinook Salmon. Age-0 Pacific Herring in better condition may be more energy dense (Paul 
et al. 1998; Boldt and Rooper 2009). Fish that have a higher energy density have an improved 
chance at surviving reduced feeding opportunities during winter (Paul et al. 1998; Foy and Paul 
1999) and they present a more energy-rich prey for predators. Understanding trends in the 
populations of small pelagic fish species and factors that affect their abundance and condition 
requires long-term monitoring of the nearshore pelagic ecosystem.   
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47.  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 

47.1.  Highlights 
• In 2024, the Fraser River Eulachon egg and larval survey index of spawning stock 

biomass was amongst the lowest (~15 tonnes) of the timeseries at a level comparable to 
2022 and 2023. 

• In 2024, mean Eulachon catch per unit effort estimates from an annual spring west coast 
of Vancouver Island multispecies bottom trawl survey were again at moderate levels, 
with a slight increase in average catch weight from 2023 and a possible slight decrease 
in the total number of eulachon caught (mainly fish < 12.5 cm). 

47.2.  Description of indices 

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

1) An annual late winter and spring Fraser River Eulachon egg and larval survey (1995 to 
2024) characterizing relative 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, 2021-2024) and in 
the Queen Charlotte Sound (QCS, 1998-2012, 2016), 

3) Catches of spawning Eulachon from 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; 2017-2024) which are not reported here.  

47.3.  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 Indigenous food, social and ceremonial (FSC) resource and in-river 
FSC fisheries targeting Eulachon have occurred in years up until and including 2024 (DFO 
2024). 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 2024).  

mailto:Linnea.Flostrand@dfo-mpo.gc.ca
mailto:Sarah.Hawkshaw@dfo-mpo.gc.ca
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In 2024, the index of Eulachon spawning stock biomass in the Fraser River was estimated to be 
low (~15 tonnes), comparable to 2022 and 2023 and some of the other lowest estimates in the 
time series since 1995, such as for years 2004-2011, 2016 and 2017 (Figure 47-1).   

 

Figure 47-1. Estimated spawning stock biomass indices (SSB in tonnes) of Eulachon from the South and North Arms 
of the Fraser River, 1995-2024.   

In 2024, mean Eulachon catch per unit effort (CPUE) observations from the spring WCVI 
multispecies trawl survey were at moderate levels, with a slight increase in mean catch weight 
from 2023 but a slight possible decrease in the total number of eulachon caught, mostly 
composed of smaller fish (up to and including 12.5 cm standard length; Figures 47-2 and 47-3). 

Annual Eulachon standard length frequency distributions are represented in two ways. One way 
shows statistically unweighted standard length frequency histograms (Figure 47-3, left panel) 
from pooling length observations across all fishing events (therefore each fish observation has 
equal statistical weight for a given survey year). The other way shows standard length 
frequency histograms where 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 47-3, right panel). Results from the weighted method are 
believed to offer the best representation of fish size distribution by survey year.   
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Figure 47-2. Eulachon mean CPUE from spring WCVI multispecies trawl surveys (2000- 2024, 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).   
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Figure 47-3. Eulachon standard length frequency histograms (in cm) from 2016-2024 WCVI survey samples, from 
pooling length data by year (left panel) and by statistically weighting data by the estimated total number of Eulachon 
caught in each fishing event and standardizing by the fishing duration (right panel). Dashed vertical lines are visual 
markers at 12.5 cm to assist comparisons between positions and shapes of length distributions. 

47.4.  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 are not well understood. The low 2022- 2024 indices were not anticipated, 
especially given the moderately high marine WCVI CPUE trends in 2021-2024 and the relatively 
high Columbia River egg and larval survey indices in 2022-2024 (JCRMS 2025). 

It is uncertain to what degree spawning stocks of different rivers and cohorts may mix in the 
marine environment and what may be the inter-annual drivers influencing metapopulation 
dynamics.  There is also uncertainty with the age ranges and compositions comprising the 
Fraser Eulachon spawning stock each year, due to difficulties ageing Eulachon and limited 
collection and dissemination of biological sampling information of spawning Eulachon. 
Furthermore, although it is generally believed that most Eulachon die after spawning, there is 
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some evidence to suggest that some individuals (especially females) may repeat spawn (Dealy 
and Hodes 2019).    

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 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.”  

47.5.  Implications of those trends 

Reduced biomass of Eulachon has negative implications for First Nations, commercial and 
recreational fishers. Commercial and recreational fisheries targeting Eulachon have been closed 
for over a decade (DFO 2024). Eulachon are socially and culturally significant to many First 
Nations people who have been harvesting Eulachon for millennia. In recent years, Eulachon 
fishing limits for indigenous FSC purposes have been set at conservative levels. 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). A better understanding of the diets of Eulachon and of their predators, such as 
to develop a time series of observations, would improve our ability to examine temporal trends 
in predator-prey interactions and the implications of those trends. 
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48.  TIMESERIES OF FRASER RIVER SOCKEYE SALMON MARINE 
TIMING AND MIGRATION BEHAVIOUR 

Serena Wong, Merran Hague, and Angela Phung. Pacific Salmon Commission, Vancouver, 
B.C. wong@psc.org, hague@psc.org, phung@psc.org 

48.1.  Highlights 
• Arrival timing of Fraser River Sockeye Salmon management groups to Vancouver Island 

was earlier than average for most components of the return.  

• Median arrival timing of the Early Summer management unit was July 14th, which was 
tied for the earliest observation on record since 1982.  

• The percent of Fraser River Sockeye Salmon migrating through Johnstone Strait in 2024 
(42%) was near the recent historical median (47%).  

48.2.  Description of the time series 

The Pacific Salmon Commission (PSC) uses run 
reconstruction models (Hague and Michielsens 2023) to 
generate timeseries of daily abundances of Fraser River 
Sockeye Salmon (Oncorhynchus nerka) arriving to marine 
areas around Vancouver Island. Total daily abundances 
are generated by sequentially adding seaward catches 
onto hydroacoustic estimates of escapement enumerated 
in the lower Fraser River. Abundances are then partitioned 
into the southern or northern approach routes around 
Vancouver Island using relative catch-per-unit-effort 
(CPUE) data associated with test fishery operations in 
Johnstone and Juan de Fuca Straits (Figure 48-1). 

Historically, stock assignment was derived from tagging 
studies or scale-based analyses but since 2003, real-time 
genetic stock identification has been used to identify 
Fraser River Sockeye Salmon stock groups (Michielsens 

and Martens 2022). This high-resolution DNA sampling, combined with assumptions based on 
population proportions on the spawning grounds, is used to generate timeseries of marine 
abundances at various levels of stock resolution, ranging from coarse scale “management units” 

(MUs) recognised by the Pacific Salmon Treaty, to finer scale groupings which better capture 
stock-specific differences. In this report, we discuss two timeseries related to adult Sockeye 
Salmon migration behaviour: (1) marine timing, and (2) migratory route.  

Marine timing was indexed as the date by which at least 50% of a stock had arrived at the PSC 
test fishery in Juan de Fuca Strait (Figure 48-1). Timing is presented at the management group 
level for 1982-2024 and for a subset of key stock groups from 2003-2024. Fraser River Sockeye 
Salmon migrate through marine approach areas via two alternative routes: either around the 
northern end of Vancouver Island and through Johnstone Strait, or around the southern end of 
Vancouver Island and through Juan de Fuca Strait (Groot and Quinn 1987; Woodey 2000; 
Putman et al. 2014; Folkes et al. 2018). Annual estimates of the percent northern migration are 

Figure 48-1. Map of marine approach areas 
around Vancouver Island and locations of 
key DFO and PSC test fishery and 
hydroacoustic assessment programs. The 
median arrival timings presented in this 
report are indexed to the arrival of returning 
Fraser River Sockeye Salmon as they pass 
the location of the PSC test fishery in Juan 
de Fuca Strait. 
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presented for the total Fraser return from 1953-2024 and for a subset of key stock groups from 
2003-2024. 

48.3.  Status and Trends 

No long-term average trends were evident in the timeseries of marine timing; however, strong 
cyclic patterns were observed for Early Summer, Summer and Late-run management groups 
and their component stocks (Figure 48-2). On average, timing is later on the 2022 cycle line 
(e.g., 2022, 2018, 2014) and earlier on the 2024 cycle line (e.g., 2024, 2020, 2016). In 2024, 
timing was later than the historical median for the Early Stuart MU, but earlier than the historical 
median for the remaining MUs (Figure 48-2). The arrival timing for the Early Summer MU was 
tied for the earliest on record since 1982 (July 14th). 

                                                                                        B. 

 

Figure 48-2. (A) Annual median marine arrival time of Fraser River Sockeye Salmon management units indexed to 
the location of the PSC test fishery in Juan de Fuca Strait from 1982 – 2024. (B) Annual median marine arrival time of 
Fraser River Sockeye Salmon stock units indexed to the location of the PSC test fishery in Juan de Fuca Strait from 
2003 – 2024. Solid points indicate years on the 2024 cycle line. 

Until the late 1970s, the majority of adult Fraser River Sockeye Salmon migrated through Juan 
de Fuca Strait (Figure 48-3). However, starting in the late 1970s, there was an abrupt shift in 
migratory behaviour with a transition to both increased rates of northern migration through 
Johnstone Strait and higher levels of interannual variability. The median percent northern 
migration from 1953 – 1979 was 16%, compared to 47% from 1980 – 2024, and 33% for the 
entire timeseries. Earlier timed stock groups tend to migrate at higher rates through Juan de 
Fuca Strait (southern approach), while a higher percentage of later-timed stocks migrate 
through Johnstone Strait (northern approach) (Figure 48-4). The observed percent northern 
migration in 2024 was near the recent historical median, at 42% (Figure 48-3). Northern 
migration was higher-than-average for earlier timed stocks in 2024 (e.g., Chilliwack and 
Nadina), but lower-than-average for later timed components (Figure 48-4).  
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Figure 48-3. Historical timeseries of percent northern migration (i.e., through Johnstone Strait) for the total adult 
Fraser River Sockeye Salmon return from 1953 – 2024. Solid points indicate years on the 2024 cycle line. 

 

 

Figure 48-4. Historical timeseries of percent northern migration (i.e., through Johnstone Strait) for different Fraser 
River Sockeye Salmon stocks from 2003 – 2024. Stocks are arranged from earliest to latest migration timing from the 
top left to bottom right. This timing arrangement also generally follows a pattern of lowest to highest percent northern 
migration, with the exception of the Harrison stock. Solid points indicate years on the 2024 cycle line. 

48.4.  Factors Influencing Trends 

Return migration behaviour for Fraser River Sockeye Salmon is likely influenced by a 
combination of environmental and biological drivers. The relationship between abiotic factors, 
such as oceanographic conditions, and migration behaviour of Pacific salmon, has been well 
studied (e.g., Groot and Quinn 1987; Blackbourn 1987; Hodgson et al. 2006; Folkes et al. 
2018). Though there is still some uncertainty as to the exact mechanisms through which these 
variables act on fish migratory behaviour, one theory is that the spring distribution of salmon in 
the Pacific occurs at a higher latitude following a warm winter, increasing the probability of a 
more northernly, and later timed, landfall for all components of the return (Blackbourn 1987; 
Folkes et al. 2018). However, sea surface temperature is clearly not the only driver of fish 
behaviour as persistent warming trends in the Pacific Ocean are not reflected by similar trends 
in timing or migration route. 
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In addition to oceanographic conditions, relative stock-composition, combined with stock-
specific differences in marine behaviour, also likely contribute to inter-annual variability in timing 
and percent northern migration. In general, abundances of later-timed and more northern 
migrating, components of the Fraser Sockeye return (e.g., Chilko, Late Shuswap) are low on the 
2024 cycle, while earlier-timed, and more southern migrating, stocks (e.g., Nadina, Chilliwack) 
are more abundant. For example, in 2024, 75% of the Early Summer MU consisted of early-
timed Nadina and Chilliwack stocks, contributing to the earliest arrival timing on record (July 14) 
for this MU. In addition, migratory behaviour for most individual stocks mirrors the cyclic patterns 
observed at the MU level, with earlier timing and higher rates of southern migration observed on 
the 2024 cycle line. Therefore, we hypothesize that fish distribution is not only impacted by 
oceanographic conditions but also by the abundance and behaviour of the most dominant 
stocks. Assuming a “stay with the school” hypothesis (English et al. 2005), lower abundance 

stocks may be influenced to follow the migratory patterns of the dominant, earlier-timed and 
southern migrating run components on the 2024 cycle line, regardless of oceanographic 
conditions.  

48.5.  Implications of those Trends 

Predictions of arrival timing and location of Fraser River Sockeye Salmon are key elements 
used to inform pre-season and in-season management planning. Until recently, the relationship 
between marine behaviour and oceanographic conditions (e.g., sea surface temperature and 
current velocity) has been the primary driver behind pre-season forecasting models for Fraser 
River salmon developed by DFO (Folkes et al. 2018). However, in the last few years DFO 
biologists have noted improved retrospective performance of some forecasting models by 
including a “2024 cycle line” covariate (Jin Gao and Kaitlyn Dionne, DFO, pers. comm.). While 

the underlying mechanisms are still not well understood, the consistency and simplicity of the 
2024-cycle line “effect” does make this variable a useful predictive tool. This improved 
performance highlights the importance of including both environmental and biological terms 
when developing tools to predict return timing and migratory route for Fraser River Sockeye 
Salmon.  
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49.  UNUSUAL EVENTS IN CANADA’S PACIFIC MARINE WATERS IN 

2024 
Jennifer L. Boldt1, Strahan Tucker1, Stéphane Gauthier2, Jennifer Jackson2 

 
1Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C., Jennifer.Boldt@dfo-
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49.1.  Highlights 
• Unusual events occur in Canada’s Pacific marine waters every year but are often not 

reported on or linked to the broader environmental context. 

• Some unusual events in 2024 that were reported include: sightings of Loggerhead 
Turtles and a Great White Shark, a diesel spill near Zeballos, and more. 

49.2.  Description of the time series 

Every year, unusual marine events occur in the Northeast Pacific: some are reported to DFO, 
many are not. These are often seen as “one-off” events, which are isolated from other events, in 

time and/or space, and collected by different observers. It is therefore difficult to make a 
complete story or a synthesis of such observations. However, if enough of these events are 
observed and reported, it may be possible to identify broader patterns and processes that 
collectively tell us how our marine ecosystems are changing and responding to diverse 
pressures. For example, the REDMAP (Range Extension Database and Mapping Project; 
http://www.redmap.org.au) program in Australia engages citizen scientists and the interested 
public to report their observations of unusual organisms and events to a structured network, 
which can subsequently be used in scientific (and other) publications (e.g., Pecl et al. 2014; 
Lenanton et al. 2017). This report presents a selection of unusual events in Canada’s Pacific 

waters in 2023 that have been reported to or noted by the Pacific science community. Some of 
these events may be included in other sections of this document, whereas other observations 
may not be presented in detail or at all. In addition, participants were invited to provide their own 
observations of unusual events during the State of the Pacific Ocean meeting, which are 
included in this report.  

49.3.  Status and trends  

Observations in 2024 that were reported to DFO by participants at the 2025 State of the Pacific 
Ocean workshop are presented in Table 49-1. For example, in February 2024, a Loggerhead 
Turtle was found in Pedder Bay and, in April, another Loggerhead Turtle was found dead on a 
beach near Cape Scott. A Great White Shark was found washed up on a beach in Haida Gwaii. 
Other unusual occurrences are listed in Table 49-1. 
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Table 49-1. Observations of weird, wonderful and/or unusual marine events reported during 2024 or reported at the 
2025 State of the Pacific Ocean meeting. 

Event Where When Reported by (Brief) Details 

Loggerhead 
Turtle 

Pedder Bay Feb. 4, 2024 
Kelly Young, 
DFO 

Sean and Ed Hutchinson found the 
turtle. After contacting DFO, they 
took it to the Vancouver Aquarium. 
2nd sighting in B.C.  

Loggerhead 
Turtle 

Nels Bight, 
near Cape 
Scott  

Apr. 5, 2024 

Andre 
Fillion, 
Times 
Colonist 

Dead on beach 

Dead sea lion 
pups 

Central 
California 
coast 

May, 2024 NBC News 
Hundreds of dead sea lion pups 
washing ashore; may be due to food 
shortage 

Fish die-off 
Somenos 
Lake, 
Cowichan 

Aug. 2024 
Cowichan 
Valley 
Citizen 

Pumpkinseed fish (invasive species), 
along with several hundred Coho 
Salmon and fewer numbers of other 
species 

Great White 
Shark 

Halibut Bright 
Rest Area in 
Haida Gwaii. 

Oct. 10, 2024 
Lesley Assu, 
Chek News 

Dead on beach 

Diesel spill 
fish farm 
near Zeballos 

Dec. 14, 2024 Chek News 
Up to 8,000 L of oil spill; caused by 
human error during a fuel transfer 

Brave Little 
Hunter Orca 
rescued 

Zeballos Apr. 26, 2024 
Michelle 
Bigg 

Juvenile Killer Whale escaped from 
lagoon, where it had been trapped 
with her mother (who beached 
herself and died) 

Pacific Sand 
Lance summer 
spawn 

Frank James 
Park, 
Campbell 
River 

Jul. 2024 

Project 
Watershed, 
Coastal 
Forage Fish 
Network 

Pacific Sand Lance are thought to 
spawn in winter; this is the first 
observation of spawning outside of 
winter months 

Superpod of 
dolphins 

Monterey 
Bay, south of 
San 
Francisco, 
California 

Feb. 21, 2025 CBC News 

A few hundred Pacific White Sided 
Dolphins “and an estimated 2,000 
Northern Right Whale Dolphins, 
including mothers and their calves” 
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49.4.  Factors influencing trends 

Potential factors influencing these events include a changing climate, natural population 
changes, and anthropogenic pressures. Disease is a potential factor causing mortality, but is 
difficult to assess. As the climate changes, extreme weather and long-term temperature 
increases will continue to be factors affecting marine biology. 
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Individual reports from poster presentations 
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50.  NEW INFORMATION ADDED TO PACEA SINCE (AND THANKS 
TO) LAST YEAR’S STATE OF THE PACIFIC OCEAN MEETING 

Andrew M. Edwards, Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, B.C. 
andrew.edwards@dfo-mpo.gc.ca  

50.1.  Highlights  
• Pacea is an open-source R package that contains various types of ecosystem 

information and model output; pacea stands for PACific Ecosystem Approach. 

• New information added since the 2024 State of the Pacific Ocean (SOPO) meeting 
concern oceanographic models, zooplankton, Pacific Herring (Clupea pallasii), an 
oceanographic index, and a template for a species-specific ecosystem summary. 

                                                   

50.2.  Extended abstract 

New information and features added to pacea (Edwards et al. 2024) since 
the 2024 SOPO meeting, some of which directly arose from discussions at 
the meeting, are: 

• Results from the Hindcast of the Salish Sea (HOTSSea) physical oceanography model 
for the Salish Sea from 1980 to 2018 (Oldford et al. 2025); monthly statistics (minimum, 
maximum, mean, and standard deviation) of temperature and salinity on a 2x2 km grid 
are available over five depth ranges (e.g., Figure 50-1); see here.   

• Zooplankton biomass anomalies for the Strait of Georgia for 25 species groups (Young 
et al. 2024); see here. 

• Pacific Herring spawning stock biomass and recruitment estimates (with uncertainty) for 
five stocks from the annual stock assessments (DFO 2024); see here. 

• The North Pacific Current Bifurcation Index indicating the north-south variation of where 
the North Pacific Current bifurcates into the northward-flowing Alaska Current and the 
southward-flowing California Current, associated with salmon productivity; see here.  

• Generation of indices previously found to be influential for recruitment of Pacific Hake 
(Merluccius productus), combined to produce a first hake-specific ecosystem summary, 
using the new pacea function ecosystem_summary_hake(), and included in the latest 
stock assessment (Johnson et al. 2025). 

mailto:andrew.edwards@dfo-mpo.gc.ca
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Figure 50-1. Example HOTSSea pacea plot: maximum bottom temperature (specifically each location’s bottom cell’s 

maximum daily mean temperature over the relevant month) for January and September 2010. From pacea code 
`plot(hotssea_bottom_temperature_max(), c("January", "September"), 2010)’. 
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51.  DYNAMICS OF PRIMARY AND SECONDARY PRODUCTIVITY IN 
THE STRAIT OF GEORGIA: INSIGHTS FROM 2023 AND 2024 

OBSERVATIONS 
Sile Kafrissen, Kelly Young and Akash Sastri, Department of Fisheries and Oceans, Sidney, 
B.C.   Sile.Kafrissen@dfo-mpo.gc.ca, Kelly.Young@dfo-mpo.gc.ca, Akash.Sastri@dfo-
mpo.gc.ca  

51.1.  Highlights  
• Phytoplankton and zooplankton production rates and energy transfer efficiency were 

measured on a bi-weekly to monthly basis in the Strait of Georgia in 2023-2024.  

• Timing of the spring bloom was average in 2023 and 2024, and both zooplankton and 
phytoplankton production were spatially variable and showed strong seasonality. 

• Crustacean zooplankton productivity was higher on average in 2024 than 2023 and 
showed a strong seasonal reproductive signal in late winter from mid-water Amphipods, 
Euphausiids and overwintering copepod growth and development. 

51.2.  Extended abstract 

The study was conducted at multiple sites (Figure 51-1) in the Strait of Georgia (SOG), ranging 
from north of Texada Island (Stn 12, 49° 43.6' N, 124° 40.8' W), to the southern Gulf Islands 
(Stn 59, 48° 36.852' N, 123° 14.862' W). Three of these stations, 12 (northern SOG), GEO1 
(central SOG), and 42 (southern SOG), were the focus of paired phytoplankton and zooplankton 
production rate measurements (Figures 51-2 - 51-4).  

 

 

 

 

 

 

 

 

 

Figure 51-1. Stations sampled in the Strait of Georgia in 2023 and 2024. Primary productivity was measured at all 
stations, secondary productivity was measured at stations marked with a red circle. 

Gross phytoplankton primary productivity (GPP) was measured using a Chelsea Technologies 
single turnover active fluorometer system (LabSTAF) (Oxborough 2022). Key measurements for 
these estimates were fluorescent light curves (FLC), constructed for each sample and used to 

mailto:Sile.Kafrissen@dfo-mpo.gc.ca
mailto:Kelly.Young@dfo-mpo.gc.ca
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derive electron transport rate, maximum gross oxygen production (GOPIIm), and maximum 
gross carbon fixation (Figures 51-2 and 51-3); Boatman et al. 2019; Oxborough 2022). 

 

Figure 51-2. Gross primary productivity rates (mmol C m-3 hr-1) measured in the surface (0-2 m) in 2023. Stations 
where secondary production was measured are marked with red bordered stars (12, GEO1, 42). 
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Figure 51-3. Gross primary productivity rates (mmol C m-3 hr-1) measured in the surface (0-2 m) in 2024.  Stations 
where secondary production was measured are marked with red bordered stars (12, GEO1, 42). 

Zooplankton abundance and biomass measurements have been a regular part of sampling 
projects in the SOG extending back at least 30 years (Mackas et al. 2013; Perry et al. 2021; 
Young et al. 2024). However, direct measurements of zooplankton production rates are much 
less common, but can provide crucial knowledge of the food web dynamics in the SOG. Starting 
in 2023, biweekly to monthly seawater incubation experiments were performed to measure in 
situ zooplankton biomass production rates (BPR) using the chitobiase enzyme decay method 
(Sastri et al. 2006). 

In the SOG in 2023, BPR and GPP were highly spatially heterogeneous, and both showed 
strong seasonal patterns consistent with previous rate and biomass estimates (Figure 51-4; 
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Sastri et al. 2009; Perry et al. 2021). In 2024 there was a strong BPR signal in winter, prior to 
the spring bloom. On average, BPRs were higher in 2024 than 2023.  

 

 

Figure 51-4. Chitobiase-based biomass production rates (BPR; mgC m-3 day-1) at stations 12 (top panel), GEO1 
(center), and 42 (lower) in the Strait of Georgia in 2023 (left) and 2024 (right).  

Trophic transfer efficiencies (TTE) were calculated by dividing the seasonal integrated GPP by 
BPR. TTE for 2023 and 2024 averaged to 10% and 17.7% respectively but varied between 3-
37% for both years. TTE was highest in winter and fall and lowest in the spring. 
Abundance/biomass observations suggest that high winter TTE observed in 2024 was likely due 
from capturing the start of the reproductive/growth cycle of overwintering euphausiids, 
amphipods and copepods at depth.  
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52.  SEA LEVEL IN B.C., 1910 TO 2024 
Dave Riedel and Anne Ballantyne, Fisheries and Oceans Canada, Institute of Ocean Sciences, 
Sidney, B.C. Dave.Riedel@dfo-mpo.gc.ca  

52.1.  Highlights  
• In 2024, the annual mean sea level anomaly at Victoria, Tofino, and Prince Rupert 

decreased from 2023 but continued the recent trend of increasing relative to the 
previous five-year average anomaly. There were no significant changes to the long-term 
trend. 

• Relative to the long-term trend, the mean sea level anomaly at Prince Rupert appears to 
be decelerating while at Victoria and Tofino it continues to increase.  

• The post-1993 rate of sea level rise in B.C. is substantially less than that seen globally 
but approaches comparable to the regional trend. 

52.2.  Description of the time series 

The Canadian Hydrographic Service performs long-term monitoring of sea level at 39 locations 
along the B.C. coast at 1-minute intervals. Particularly long time-series have been collected at 
Tofino and Victoria (1910-present) and at Prince Rupert (1912-present). The annual deviations 
from the long-term average (1981-2010) are shown for these stations in Figure 52-1. A linear 
trend line was fitted to the full dataset for each location.  

52.3.  Status, trends and factors causing trends 

In 2024, the annual mean at all three locations decreased from 2023 levels which were likely 
higher due to the strong El Niño signal observed that year (ENSO). At Prince Rupert, the mean 
anomaly fell to -0.3 cm. With six of the last seven annual anomalies below the long-term trend. 
There is increasing support for a deceleration in sea level rise at that station but note that there 
is considerable variability in the record due to meteorological and oceanographic factors. 

The linear sea level rise trend at each location (cm/century) is +7.43 cm for Victoria, +10.42 cm 
for Prince Rupert, and -11.83 cm for Tofino. The latter value is of interest in that the local sea 
level (measured relative to the land) is decreasing at an average of 11.9 cm/per 100 years. This 
is the result of a tectonic process. As the Juan de Fuca plate moves beneath the North 
American plate, coastal B.C., and in particular, western Vancouver Island experience uplift at a 
rate of a few mm annually. The amount decreases as you move eastward nearing zero as you 
reach Vancouver (Thomson et al. 2008). A consequence of this uplift is that the land at Tofino is 
rising faster than the sea level. Removing the tectonic motion of 1.9 mm annual uplift, derived 
as the average from 1994 to 2017 (Thomas James, Geological Survey of Canada, pers. comm. 
2018), from the sea level values at Tofino from 1910 to 2024 results in a linear trend of +7.2 cm 
per century. 

A more modest uplift is present at Victoria (+0.53 mm/year) and Prince Rupert (+0.5 mm/year). 
The linear sea level rise trend at these ports corrected for vertical land movement (cm/century) 
is +12.7 cm at Victoria and +15.4 cm at Prince Rupert. The three uplift-adjusted time-series are 
shown in Figure 52-1 (right). 

mailto:Dave.Riedel@dfo-mpo.gc.ca
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Figure 52-1. Annual-average sea level anomalies (relative to the average from 1981 to 2010) at three B.C. ports (left 
3 panels) with vertical land movement removed (right three panels). Reference years for anomaly calculation are 
1981 to 2010. Linear trends shown in red. 

Global sea levels rose by 17± 5 cm in the 20th century (Church and White 2011). The 
Intergovernmental Panel on Climate Change (IPCC 2014) predicts sea level to rise from 26 to 
55 cm to 45 to 82 cm toward the end of the 21st century, but recent observations of ice melt in 
Greenland and Antarctica suggest these projections might be too low. While we may expect to 
observe increasing rates of sea level rise in B.C., in recent years compared with the past 
century, through 2024 we have not observed significant acceleration. 
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Global mean sea level data have been collected by NASA’s Goddard Space Flight Center since 

1993 (Beckley et al. 2024). These data, corrected for global isostatic adjustment (GIA) and 
instrumental drift in the TOPEX-A measurements (Watson et al. 2015; Beckley et al. 2017), with 
respect to the 20-year TOPEX/Jason collinear mean reference show rates of sea level rise of 
+3.1 mm/year, or +31 cm/century (Figure 52-2). This is significantly higher than the observed 
rates of sea level rise in B.C. presented here. However, examining the Tendency of Sea 
Surface Height above Sea Level data (CMEMS 2024) on a regional scale for southern 
Vancouver Island, we find that rate of sea level change to be marginally above the confidence 
limits of the rate of change at Victoria (Figure 52-2). 
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Figure 52-2. Annual-average sea level anomaly at 
Victoria (vertical land movement removed), green, in 
contrast to adjusted global mean sea level, blue, and 
tendency of regional sea surface height, orange. 
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53.  2024 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  

53.1.  Highlights 
• In 2024 a total of 47 hydrographic surveys were completed. This represented 998 hrs of 

sounding time, 10,855 km of survey lines, and a coverage of 1,129 km2. 

53.2.  Description 

The Canadian Hydrographic Service (CHS) conducted a series of surveys in 2024 using four 
vessels: the CCGS Vector, the CCGS Otter Bay, the CSL Echo, and the CSL Czotter (Figures 
53-1 and 53-2). The surveys were carried out in various locations on the central and north coast 
of B.C., including Masset Inlet and the west coast of Haida Gwaii, as well as on the South 
Coast, in areas such as the Gulf Islands East and Howe Sound.  

The CCGS Vector completed seven surveys, covering areas from southern Vancouver Island to 
the west coast of Haida Gwaii. The CCGS Otter Bay conducted 22 surveys, primarily in Haida 
Gwaii but also in various other locations on the B.C. coastline. The CSL Echo, a smaller launch 
deployed from the CCGS Otter Bay, completed one survey and contributed to three others in 
Masset Inlet. The CSL Czotter completed 14 surveys in Masset Inlet, Haida Gwaii, and 
Squamish.  

All surveys were conducted following the guidelines as stated in the ISO 9001:2015 Standard, 
the 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.  

The data collected included high-resolution multibeam bathymetry data sets, backscatter data 
for external interpretation, sound velocity profile (SVP) data, and terrestrial laser scanner point 
cloud datasets. The data will be used for various purposes, including chart creation and 
updates, environmental and geological studies, and planning for marine infrastructure projects. 
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mailto:Stacey.Verrin@dfo-mpo.gc.ca


273 
 

 

Figure 53-1. Overview of areas surveyed by CHS/CCG vessels on the Central and North Coast in 2024. 

 

Figure 53-2.Overview of areas surveyed by CHS/CCG vessels on the South Coast in 2024 
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54.  SURFACE CURRENT PATTERNS AFFECTING OCEAN 
TRANSPORT TO THE SCOTT ISLANDS 

 
Greg Jones and Charles Hannah, Fisheries and Oceans Canada, Sidney, B.C., 
reshook@shaw.ca, Charles.Hannah@dfo-mpo.gc.ca  

54.1.  Highlights  
Surface drifters were deployed in the Scott Islands marine National Wildlife Area (NWA), or 
entered from the surrounding marine environment, from 2014 through 2024. The primary results 
are:  

• In the summer, May through August, drifters entered the NWA southward from Hecate 
Strait, northward from Brooks Peninsula, eastward from approximately 40 nautical miles 
west of the boundary, and westward from the mainland coast.  

• In the summer, drifters starting in the southeast corner of Queen Charlotte Sound (the 
entrance to Queen Charlotte Strait) took 1 to 15 days to reach the NWA.  

• In the fall, winter, and spring (September through April) surface drifters reached the 
NWA from all directions.   

• In the fall, winter, spring period, observed times to enter the NWA from the south were 1-
4 days from Brooks Peninsula, 10-20 days from the mouth of the Strait of Juan de Fuca; 
and about 6 days for debris from a ship spill on La Perouse Bank. Transit times from the 
east, the vicinity of the entrance to Queen Charlotte Sound, were typically 1 to 9 days. 

54.2.  Description of the time series  

The Scott Islands are B.C. Provincial Protected Areas, protecting land breeding habitat for 
globally and nationally important seabird populations. The Scott Islands marine National Wildlife 
Area (NWA) was established by the Government of Canada, under the Canada Wildlife Act, in 
2018 to conserve marine habitats providing forage species essential to the breeding seabirds 
(Figure 54-1). 

In 2015, the Canadian Wildlife Service of Environment and Climate Change Canada, and 
Ocean Sciences Division (OSD) of Department of Fisheries and Oceans Canada, developed a 
Collaborative Agreement (CA) to study ocean variables essential to understand the marine 
environment producing forage species for seabirds.  The goals of the CA are described in Jones 
et al. (2021, 2022, 2023, 2024).  

The Scott2 subsurface oceanographic mooring in the NWA has been in place since the summer 
of 2016. Ocean variables measured at this mooring are reported in Bluteau et al. (Section 11).  

GPS surface drifters were deployed in the NWA, or entered from the surrounding marine 
environment, from 2014 through 2024. There is wide variation in the life span of the drifters 
used. Prior to 2022 most drifters provided data for about 9 days before the drifters stopped 
transmitting, with some lasting over 2 weeks. Hourston et al. (2021) provides a comprehensive 
analysis of length of transmitting life of drifters prior to 2022. Starting in 2022 the intervals for 
transmitting locations were increased, and drifters transmitted for approximately 30 – 60+ days 
through 2024. 
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54.3.  Status and trends 

Results from drifters were used to estimate the marine areas from which surface currents could 
enter the NWA in the May through August, and September through April periods. In the 
summer, May through August, drifters entered the NWA southward from Hecate Strait, 
northward from Brooks Peninsula, eastward from approximately 40 nautical miles west of the 
boundary, and westward from the mainland coast (Figure 54-2). Summer drifters starting in the 
southeast corner of Queen Charlotte Sound (the entrance to Queen Charlotte Strait) took 1 to 
15 days to reach the NWA. In the fall, winter, and spring (September through April) surface 
drifters reached the NWA from all directions (Figure 54-3).  During this period, observed times to 
enter the NWA from the south were 1-4 days from Brooks Peninsula, 10-20 days from the 
mouth of the Strait of Juan de Fuca; and about 6 days for debris from a ship spill on La Perouse 
Bank. Transit times from the east, the vicinity of the entrance to Queen Charlotte Sound, were 
typically 1 to 9 days. 

54.4.  Factors influencing trends  

There have been relatively few drifter deployments to the south and west of the NWA, and the 
September – April period is under-sampled as well. There may be considerable variations in 
monthly surface currents within the two multi-month periods presented here. The combinations 
of months used are partly related to available sample sizes, and partly to seasonal differences 
in surface currents. 

Surface currents are generally driven by winds. The variation in directions of drifters, and the 
transit time to the NWA, will be strongly related to wind strength and direction at the time of 
movement. The results presented here are a statistical description of the surface drifter rates 
from places outside the NWA to the NWA boundaries. Continuation of the drifter program, and 
adding more samples in each month currently under-represented, and in the under-represented 
locations, would ensure provision of useful information continues and improves. As well it is 
essential to continue studying the NWA as part of the wider marine system. Analysis of drift 
times from major shipping routes (see marinetraffic.com) would add to the utility of the analysis. 
Also, we should provide information on how likely a drifter is to get from different locations to the 
NWA. Here we only report on selected samples that made the trip. The directions, and speeds, 
of items in the water will vary with the type of item. Those floating at the surface may catch wind 
and travel faster than the currents. The results apply only to surface currents, items carried 
primarily by currents below the surface layer may go different directions and different speeds. 

54.5  Implications of those trends.  

The drifters reveal the potential for anthropogenic items, and natural living or inorganic 
substances to reach the NWA from almost any direction; but not from all directions at the same 
time. These results contribute to knowledge essential to understand relations between ocean 
currents and marine species populations and habitats. Information on ocean currents may 
contribute to spatial planning processes, and to understanding of the movements of 
anthropogenic and natural substances affecting important marine values. 
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Figure 54-1. The Scott Islands marine National Wildlife Area; map provided by Environment and Climate Change 
Canada. The NWA is all marine, the islands are B.C. Provincial Protected Areas. 
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Figure 54-2. Orange polygon: Subjectively determined area from which surface currents may enter the NWA, May 
through August. The orange polygon includes start locations of drifters, and locations where drifters turned to enter 
the NWA. Red icons and lines: drifters entering the NWA May-August 2014-2024; n=78. White icons and Green lines: 
drifters that did not enter the NWA May-August 2014-2024; n=242.  
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Figure 54-3. Orange polygon: Subjectively determined area from which surface currents may enter the NWA, 
September through April. The orange polygon includes start locations of drifters, and locations where drifters turned 
to enter the NWA. Red icons and lines: drifters entering the NWA September-April 2017-2023; n=28. Purple triangle: 
location ship debris spill October 2021; purple arrows: locations debris from the ship spill found on shorelines. White 
icons and Green lines: drifters that approached but did not enter the NWA September – April 2014-2023; n=31; these 
were travelling towards the NWA in the same directions as the red ones, but quit transmitting close to the NWA. The 
orange polygon includes areas past drifter locations, due to the wide variation noted in other seasons, limited 
samples with the September-April seasons, and the importance of responding to potential spill incidents.  
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55.  JOINT CANADA-USA INTERNATIONAL SEAMOUNT SURVEY - 
2024 

Chris Rooper1, Christina Conrath2, Pamela Goddard2  
 
1 Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, British Columbia, 
Chris.Rooper@dfo-mpo.gc.ca 
2 Alaska Fisheries Science Center, National Marine Fisheries Service, Kodiak, Alaska, USA, 
Christina.Conrath@noaa.gov, Pamela.Goddard@noaa.gov  

55.1.  Highlights  
• Corals and/or sponges were present at most transects occupied in 2022 and 2024. Reef 

forming scleractinians were observed at 6% of transects mostly at mid-depths. 

• Size structure of corals and sponges indicates that the communities on the five 
seamounts are large and mature, although densities were low relative to shelf and slope 
regions. 

• Species distribution models fit the data well and independent model validation showed 
predictions were robust and useful. 

55.2.  Extended abstract 

The second Joint Canada-USA International Seamount Survey conducted in 2024 focussed on 
deep-sea coral and sponge communities on two seamounts (Cobb and Brown Bear seamounts) 
in international waters approximately 450 km southwest of Vancouver Island. This survey builds 
upon a similar survey conducted in 2022 by Canada and the USA. The primary objective was to 
generate spatially explicit data using underwater stereo video cameras that can be used to build 
and test models of the distribution of deep-sea corals and sponges at the seamounts, document 
their size structure, document visible impacts of human activity, and examine species 
associated with deep-sea corals and sponges. The surveys used a stratified-random sampling 
design and the 2024 survey was carried out during a 13 day cruise (Sept. 3-16, 2024) aboard 
the Canadian Coast Guard Vessel Sir John Franklin. Transects were completed at 58 stations 
at two seamounts at depths ranging from 35-800 m. The main tool used in this work was the 
underwater stereo camera system.  

Preliminary image analysis showed that gorgonian corals were present at 71% of the transects 
occupied. Most of the corals occurred at depths below 400 m (Figure 55-1). Coral taxa 
appeared to consist of fan-shaped families and species that provide structure for increased 
diversity and, including Primnoidae, Isididae and other Octocorallians and Antipatharians at 
deeper depths. Large hexactinellid sponges had a similar distribution to the corals, although 
they occurred in only 46% of the transects. Hydrocorals were common at shallow depths on 
Cobb and Corn seamount, while Sea Whips and Sea Pens were not common, but found at most 
depths. Reef building scleractinians were observed at 8 transects across both years. Figure 55-
2 shows the density for Vulnerable Marine Ecosystem (VME) indicator taxa and Figure 55-3 
shows the height of VME indicator taxa measured with the stereo camera system. 

The validation exercise indicated that the species distribution models generated from 2022 data 
accurately predicted the distribution of corals and sponges found in 2024. These models will be 
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used for future evaluation of risk of deep-sea coral and sponge communities to fisheries and 
climate change. 

 

 

Figure 55-1. Percentages present for the four most common structure forming invertebrates at the five seamounts 
surveyed during the Joint Canada USA International Seamounts cruises in 2022 and 2024.  
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Figure 55-2. Densities of  the most common structure forming invertebrates occurring at the five seamounts surveyed 
during the Joint Canada USA International Seamounts cruise.   
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Figure 55-3. Height distributions of common families of corals and classes of sponges observed at seamounts in 
international waters. Vertical dashed lines are at 30 cm (approximate average height of coral and sponge in the 
broader North Pacific) for reference. 
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56.  DEPARTMENT OF NATIONAL DEFENCE (DND) MARITIME 
READINESS MARINE MAMMAL OBSERVER PROGRAM 

Dr. Anna Hall and Mika Ogilvie, Sea View Marine Sciences, Victoria, B.C., 
anna@seaviewmarinesciences.com, mika@seaviewmarinesciences.com 

Tracy Cornforth and Patti Swan, Maritime Forces Pacific Formation Environment, Victoria, B.C., 
tracy.cornforth@forces.gc.ca, patricia.swan@forces.gc.ca 

56.1.  Highlights 

Independent specialists provide at-sea support for 
marine mammal observation, communications and 
protection for Canadian Armed Forces (CAF) during 
ordnance destruction, demolitions training and sonar 
performance trials in a pre-determined Marine 
Mammal Avoidance Zone (MAZ).  

56.2.  Extended abstract 

Sea View Marine Sciences was engaged to provide third-party expert Marine Mammal Observer 
(MMO) support by the Department of National Defence (DND) in 2017. Prior to this, CAF 
personnel maintained responsibility. In 2020, the first Marine Mammal Observation 
Communications Protocol (MMOCP; Hall et al. 2020) was implemented. This enhanced marine 
mammal protection, during essential CAF training and operations, provided clearly defined 
operational steps, roles and protocols. In 2023, the MMOCP was updated (Hall et al. 2023) with 
standardised language, reflecting an on-going commitment to marine mammal protection by 
MMO and CAF personnel.   

Main objectives include marine mammal real-time detection, rapid relay of relevant information, 
cooperation with CAF sentries, and implementation of operational delays as required for marine 
mammal protection. MAZ monitoring includes minimum 30 minute pre- and post-operations 
visual watches and continuous visual monitoring during operations and training. Emphasis is on 
Species at Risk and cetaceans, including endangered southern resident Killer Whales. Data on 
cryptic species (e.g., Harbour Porpoise) are also a priority, with scientific contribution (Anderson 
et al. 2023). 
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57.  ECHOSOUNDER DERIVED METRICS FROM SMALL-SCALE 
COASTAL SURVEYS IDENTIFY BENTHIC ROCKY REEF FISH 

HOTSPOTS WITHIN THE ACOUSTIC DEADZONE 
Darienne Lancaster 1, Hutton Noth 2, Stéphane Gauthier 1, 3, Jess Edwards 2, Candace Picco 2, 
Francis Juanes 1, Xavier Mouy 4 and Dana Haggarty 1, 5  

1University of Victoria, Department of Biology, Victoria, B.C., Canada, 
darienneolancaster@gmail.com 
2Ha’oom Fisheries Society, Tofino, B.C., Canada 
3Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., Canada 
4Woods Hole Oceanographic Institution, Woods Hole, MA, USA 
5Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C., Canada 

57.1.  Highlights  
• Generalized linear model results showed echosounder surveys can help detect benthic 

rockfish hotspots in low and moderate slope habitat. 

• Echosounder derived habitat variables were comparable to ROV habitat variables and 
less prone to analyst variability. 

57.2.  Extended abstract 

Echosounder surveys are appealing for monitoring benthic rocky reef fishes like rockfish 
(Sebastes spp.) as they cover large areas quickly and are non-destructive (Jones et al. 2012; 
Rooper et al. 2010; Rasmuson et al. 2022a and 2022b), but they are rarely used due to 
difficulties ensonifying benthic fish in rocky habitats (Ona 1996; Tušer et al. 2011).  We 
conducted echosounder and remote operated vehicle (ROV) surveys at 39 sites in 
Mowachaht/Muchalaht territory (Nootka Sound, B.C., Canada) in August 2023 (Figure 57-1).  
We examined correlations between an echosounder biomass proxy (nautical area scattering 
coefficient (NASC)) and ROV benthic fish density using generalized linear models. Increases in 
the fish biomass proxy (NASC) within 10 m of the bottom was correlated with increasing benthic 
fish density (deviance explained 52%), suggesting NASC helps predict benthic fish hotspot 
locations.  We compared echosounder and ROV habitat metrics using Spearman’s rank 

correlation tests and found rugosity and slope were comparable across methods with reduced 
analyst variability in echosounder metrics. This study provides a new and efficient method for 
identifying rocky reef fish hotspots in near-shore areas that can help fishers avoid non-target 
species and act as a guide for marine protected area (MPA) site selection.  
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Figure 57-1. Visualization of top GLM 
result (a – representation of 
correlation between high nautical 
area scattering coefficient (NASC) 
and high benthic rocky reef fish 
density in low and moderate slope 
regions, and b – representation of 
NASC/slope interaction where 
benthic rocky reef fish density is 
lower in high NASC/high slope 
regions than in low and moderate 
slope regions with high NASC 
(Image: D. Lancaster). 
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58.  NEAR-BOTTOM OCEANOGRAPHIC MEASURES FROM TEN 
LOCATIONS IN THE SALISH SEA 

Robyn Taves, Rianna Burnham and Svein Vagle, Fisheries and Oceans Canada, Institute of 
Ocean Sciences, Sidney, B.C.  robyn.taves@dfo-mpo.gc.ca, rianna.burnham@dfo-mpo.gc.ca, 
svein.vagle@dfo-mpo.gc.ca  

58.1.  Highlights  
• Sensor data from ten locations throughout the Salish Sea consistently collected 

oceanographic data from 2020 onwards from within 2 m of the ocean floor. 

• Time-series data of conductivity, temperature, pressure, salinity, wave height, current 
velocity, dissolved oxygen levels, and water turbidity were collected. 

• Seasonal trends were apparent each year, however, the temperature data showed the 
winter of 2024 was warmer than in previous years. 

58.2.  Extended abstract 

Oceanographic sensors were deployed to collect data concurrent to underwater passive 
acoustic recordings at 10 locations throughout the Salish Sea, including Swiftsure Bank, Juan 
de Fuca Strait, the southern Gulf Islands, and the Strait of Georgia. The sensors were fixed to 
the frames of acoustic moorings, positioning them within 2 m of the ocean floor. Sensors 
consistently collected data on a duty-cycle (dissolved oxygen every 10 s, CTD measurements 
every 30 seconds, and current velocity every 18 minutes), with maintenance cruises every 3-4 
months retrieving the sensors for download, cleaning and battery replacement. The first 
deployments of instrumentation were in 2018. This was aimed to help address flow noise in the 
recordings, and allow for spatiotemporal characterization and monitoring of sound speeds 
through time at each mooring location in the Salish Sea. Sensors, including RBR CTDs, 
dissolved oxygen loggers, current meters and wave loggers have been consistently maintained 
on all moorings since 2020. In 2024 turbidity loggers and sediment traps were added to further 
address possible sources of flow noise in the acoustic data.  

Seasonal trends have been observed each year in the temperature, salinity and dissolved 
oxygen data. Winter mixing of the bottom waters may result from storm events. Tidal influences 
in the data were also apparent. For 2024, the decline in winter temperatures was reduced 
compared to previous years. This followed from strong El Niño conditions in 2023. The winter 
temperatures were up to 1ºC warmer than in previous years. This was seen at most mooring 
locations, except Swanson Channel and those in the Strait of Georgia, with elevated 
temperatures present until deep water renewal brought cooler and more saline waters to depth 
in late spring-summer.  
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59.  BARKLEY SOUND EUPHAUSIID MONITORING PROJECT 
K. Young, M. Galbraith, M. Hennekes, A. Hirst, S. Kafrissen and A. Sastri 

Department of Fisheries and Oceans Canada, Sidney, B.C., Kelly.Young@dfo-mpo.gc.ca, 
Moira.Galbraith@dfo-mpo.gc.ca, Melissa.Hennekes@dfo-mpo.gc.ca, Alan.Hirst@dfo-mpo.gc.ca  
Sile.Kafrissen@dfo-mpo.gc.ca, Akash.Sastri@dfo-mpo.gc.ca  

59.1.  Highlights  
• In 2022, phytoplankton abundance was highest in March for most stations, followed by 

July. The most common types of phytoplankton were centric diatoms, prymnesiophytes 
and ‘other’ that included small flagellates. 

• Abundance and biomass of zooplankton in 2022 increased through the spring and 
summer and varied by station. 

• Euphausia pacifica and Thysanoessa spinifera euphausiid eggs and larvae were far 
more abundant than adults at every station throughout 2022, but egg abundance was 
generally highest in spring and larval abundance was highest in summer. 

59.2.  Extended abstract 

Euphausiids are an important prey 
item of several salmon species 
including Chinook Salmon 
(Tanasichuk et al. 2014). In 2022, 
the PSSI-Follow the Fish Barkley 
Sound Euphausiid Monitoring 
Project resumed a euphausiid 
monitoring project in Barkley Sound 
that previously ran from 1992-2014 
(Tanasichuk 2002). The Plankton 
Ecology program at the Institute of 
Ocean Sciences, in collaboration 
with the Bamfield Marine Sciences 
Centre, is investigating the seasonal, 
inter-annual, and long-term 
variability of euphausiid production 
dynamics in Barkley Sound. This 
work advances our understanding of how climate-ocean driven changes in zooplankton 
composition and ecological processes at the base of the food web are relevant to juvenile 
salmon productivity. Surveys in 2022 were run once a month, from March to November aboard 
the MV Alta. Samples were collected from five stations: Sarita, Swale, Coaster, Mackenzie and 
Robbers (Figure 59-1). 

In 2022, CTD casts were performed at Sarita and Swale. Water samples for nutrients, 
phytoplankton (for enumeration and ID), and chlorophyll were taken at the surface of all five 
stations. Water samples for nutrients and salinity were taken at the surface and deep (10 m off 

Figure 59-1. The five stations surveyed in Barkley Sound. Depth 
ranged from 200 m at the deepest (Sarita) to 60 m at the 
shallowest (Coaster). 
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the bottom) for Sarita and Swale; and oblique Bongo net hauls were performed at Coaster, 
Swale, Robbers, and Mackenzie with 350 um mesh nets. 

Phytoplankton cells were identified 
to the lowest taxonomic level 
possible (following Nemcek et al. 
2023) and summarized in broad 
algal classes as abundances in 
cells mL-1. Phytoplankton 
abundance was highest in March 
for all stations except Mackenzie, 
followed by July. The most 
common types of phytoplankton 
were centric diatoms, 
prymnesiophytes and ‘other’ that 

included small flagellates. 
Dinoflagellates and prasinopytes 
were observed mostly in the 
summer months (Figure 59-2). 

Zooplankton samples were identified to species and life stage, and biomass was calculated 
from abundance following Lu et al. (2003) and Mackas (1992). Abundance and biomass of 
zooplankton increased through the spring and summer and varied by station (Figure 59-3). 
Small and medium calanoid copepods made a significant contribution to overall abundances at 
all stations (Figure 59-3, left). Biomass of amphipods was higher at Robbers and Mackenzie 
throughout the year, and the biomass of gelatinous zooplankton (e.g., cnidarians and 
ctenophores) was highest in the fall at all stations (Figure 59-3, right). 

 

Figure 59-3. 2022 Zooplankton community composition by major groups of each station, averaged per month. Left 
panels: average abundance (m-3); Right panels: average biomass (mg m-3). Legend: NonCalCops – all other 
copepods; CalCops.smal – calanoid copepods PL< 1mm; CalCops.med – calanoid copepods PL 1-3 mm; 
CalCops.larg – calanoid copepods, prosome length (PL)>3 mm; Amphipods – all amphipods (hyperiid and 
gammarid); Decapod – all decapods (shrimp, crab larvae); Euphausiid – all euphausiids (eggs, larvae and adults); 
Cnidarian + Cteno – all Cnidarian (medusa and siphonophores) and Ctenophores; Chaetognatha – all chaetognaths; 
Other – everything else: Molluscs, Polychaetes, Ichthyoplankton, Larvaceans, etc. See Perry et al. (2021) for full 
description of taxa and life stages included in each group. 

Figure 59-2. 2022 Phytoplankton composition by station and month from Lugol’s 
preserved samples, aggregated by major phytoplankton taxonomic groups 
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The most common species of euphausiids were Euphausia pacifica and Thysanoessa spinifera, 
with few other species appearing sporadically (Figure 59-4). Euphausiid eggs and larvae were 
far more abundant than adults at every station throughout the year, but egg abundance was 
generally highest in spring and larval abundance was highest in summer. At Swale and Coaster, 
the biomass of T. spinifera (juveniles and adults) was highest in the spring and larvae 
contributed significantly to the biomass in July. E. pacifica biomass (juveniles and adults) was 
higher in the summer into fall at Robbers and Mackenzie (Trevor Channel stations). 

 

Figure 59-4. 2022 Euphausiid community composition by major groups and station, averaged per month. Left: 
average abundance (m-3); Right: average biomass (mg m-3). 

Monthly monitoring continued for 2023-2024 and data processing is ongoing. All CTD and bottle 
chemistry data can be downloaded from the Institute of Ocean Sciences Data Archive 
(https://www.waterproperties.ca/data/). Phytoplankton and zooplankton data are archived in the 
DFO-IOS Phytoplankton or Zooplankton Databases and available upon request.  
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60.  BODY SIZE OF MATURE FRASER SOCKEYE SALMON 
Steve Latham, Dejan Brkic, Angela Phung, Eric Taylor, Julie Sellars, Catherine Ball, Pacific 
Salmon Commission, Vancouver, B.C., Latham@psc.org, Brkic@psc.org, Phung@psc.org, 
Taylor@psc.org, Sellars@psc.org, Ball@psc.org. 

60.1.  Highlights 
• Lengths of both 2-ocean and 3-ocean ages of Fraser Sockeye Salmon ranked 7th 

smallest among 31 even-numbered years since 1964. This was a considerable 
improvement over 2022 and especially 2020. 

60.2.  Extended Abstract 

We evaluated Fraser River Sockeye Salmon lengths to estimate age-specific trends in body 
size. The time series comprises average lengths of carcasses on spawning grounds (1964-
2024). Using ages derived from otoliths and applying a minimum sample size threshold for each 
sex of each stock and year, age- and sex-specific annual anomalies were calculated as the 
difference between year-specific average standard lengths and the average standard length 
across all years. These anomalies were then averaged across the sexes. Only stocks that 
exceeded threshold sample sizes were included in the analysis. (Detailed methods and 
additional data are available on the PSC Bio Data Shiny App 
https://psc1.shinyapps.io/BioDataApp/). 

Fraser Sockeye tend to be shorter, lighter, and skinnier when returning in odd-numbered years 
than in even-numbered years. A sharp decline in length occurred from the 1970s to the 1990s. 
Another decline occurred from 2000-2019. In the latter period, declines in average length were 
more severe for 3-ocean sockeye than for 2-ocean sockeye. Average sizes since 2020 have 
rebounded somewhat in both even- and odd-numbered years (Figure 60-1).  

Figure 60-1. Average standard lengths of Fraser Sockeye Salmon on their spawning grounds. Annual 
anomalies were calculated relative to long term averages and averaged across stocks. LOESS curves were 
fit to even- and odd-numbered years separately. 
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One hypothesis for observed trends is that increased marine temperatures result in increased 
metabolic demands on Sockeye Salmon (Cox and Hinch 1997) and reduce the abundance 
and/or quality of food resources (DFO 2020). Increased temperatures may also result in 
exacerbated impacts from Pink Salmon, which tend to be more abundant on odd-numbered 
years, and which seem to have benefitted from warming temperatures in the north Pacific 
Ocean (Connors et al. 2020).  

There are social, economic, and ecological implications of body size trends in Fraser River 
Sockeye Salmon. The size of salmon is directly tied to their monetary value in fisheries as well 
as their value to rural communities (Oke et al. 2020). Body size can also influence run timing 
(Doctor and Quinn 2009), with smaller salmon arriving later. Later run timing of Sockeye Salmon 
can cause greater overlap with Pink Salmon runs, making it difficult to prosecute Pink Salmon-
directed fisheries. Body size is also related to fecundity (Staton et al. 2021) and possibly other 
factors that affect migratory success, reproductive fitness, and population productivity.  
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61.  OCEAN OBSERVATORY CONTRIBUTIONS TO ASSESSING 2024 
SOUTHERN B.C. COASTAL CONDITIONS 

Manman Wang manmanw@uvic.ca, Alice Bui, Steve Mihaly 
Ocean Networks Canada, University of Victoria, Victoria, B.C., Canada. 

61.1.  Highlights 
• Weak downwelling occurred at the beginning of 2024. 

• The timing of both downwelling-to-upwelling and upwelling-to-downwelling transitions 
matched historical averages off the southwest coast of Vancouver Island. 

• Surface water temperatures in the south-central Strait of Georgia were cooler than 
average in the first half of 2024, with warming in the fall and winter months. 

61.2.  Extended Summary 

This study examined three key time series from permanent ocean observatory platforms to 
assess oceanographic and atmospheric conditions influencing the Strait of Georgia (SOG). The 
datasets included: 

1. Upwelling Winds: The NOAA Reanalysis Upwelling Index (48°N, 125°W), derived from 
the Bakun method, estimates offshore (positive) and onshore (negative) Ekman 
transport. 

2. Ocean Temperature: Seawater temperature data from Ocean Networks Canada’s 

(ONC) cabled observatories at SOG Central (300 m), SOG East, Folger Deep, and 
Salish Sea sites. 

3. Surface Currents: High-Frequency (HF) radar surface current data from four CODAR 
installations (Point Atkinson, Iona, UBC, and Richmond) (Figure 61-1). 

1. Upwelling 

In early 2024, southerly downwelling-favorable winds were weaker than average from early to 
mid-January, potentially supporting early-season phytoplankton blooms. Strong downwelling-
favorable winds dominated from mid-January through late April, consistent with historical 
seasonal transitions. This downwelling phase extended through mid- to late September—longer 
than typical—possibly affecting nutrient cycling and marine productivity. Nonetheless, the 
transition timings between downwelling and upwelling phases were consistent with 
climatological averages. 

2. Water Temperature 

Seawater temperature data from ONC platforms indicated below-average temperatures in SOG 
Central during the first half of 2024, with a warming trend evident in fall and winter. Overall, 
2024 exhibited above-normal warmth relative to the historical record, particularly in deeper 
water layers. 

3. High-Frequency Radar Surface Currents 

During the Fraser River freshet, surface salinity in the south-central SOG drops due to 
freshwater input. When salinity decreases significantly, HF radar backscatter is reduced or lost 
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due to signal decoupling from the sea surface. In 2024, the Fraser River’s discharge was 

notably lower, leading to a smaller impact on HF radar signal quality. As a result, data coverage 
and current velocity observations from CODAR stations improved compared to typical freshet 
years. 

 
Figure 61-1. Southern coast of B.C. showing ONC’s installed and instrumented ocean observing assets. Areas 
highlighted with red circles include NOAA upwelling index area, CTDs and CODAR in the southern Strait of Georgia. 
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62.  NUTRITION OF PREY SPECIES FOR SALMON: DRIVERS OF 
THIAMINE (VITAMIN B1) DEFICIENCY 

Anna K. McLaskey1, Jacob E. Lerner1,2, and Brian P.V. Hunt1,2 

 
1Institute for the Oceans and Fisheries, University of British Columbia, Vancouver, B.C. 
a.mclaskey@oceans.ubc.ca, b.hunt@oceans.ubc.ca, j.lerner@oceans.ubc.ca 
2Department of Earth, Ocean, and Atmospheric Sciences, University of British Columbia, 
Vancouver, B.C.  

62.1.  Highlights  
• Forage species provide predators with thiamine (vitamin B1), but some also contain 

thiaminase—an enzyme that degrades thiamine and can lead to deficiency in 
consumers.  

• Thiaminase activity levels of forage species in B.C. coastal waters were highest in 
Northern Anchovy and lowest in krill.  

• Prey species were distinguished by their fatty acid composition, providing a tool to link 
the marine diet of adult salmon to their egg thiamine content.  

62.2.  Extended abstract 

Thiamine (vitamin B1) is a cofactor for enzymes that are required by all organisms for basic 
cellular metabolism. It is produced at the base of the food web by specific bacteria and 
phytoplankton, and can only be acquired by consumers through their diet. When the flow of 
thiamine up the food chain is disrupted, thiamine deficiency complex in predators can result, 
causing reproductive and neurological effects, even death.  

One identified cause of thiamine deficiency occurs when predators consume a diet largely 
comprised of prey that contain the enzyme thiaminase—which breaks down thiamine during 
digestion, preventing its absorption (Harder et al. 2018). In the California current, prey 
communities dominated by Northern Anchovy (a thiaminase containing species) have led to 
thiamine deficient salmon since 2020 (Mantua et al. 2021).  

We measured thiaminase of forage species within B.C. coastal waters and the Salish Sea for 
the first time generating a preliminary dataset from 89 samples of Pacific Herring, Northern 
Anchovy, Pacific Sand Lance, Shiner Perch, krill, and myctophids. Most samples were collected 
during 2023-2024 within Strait of Georgia and around the San Juan Islands, with one krill and 
one myctophid sample collected during Feb-Apr 2022 in the Gulf of Alaska.  

The highest thiaminase levels were present in Northern Anchovy, with activities similar to those 
observed in California (~20 nmol g-1 min-1). High activity levels were occasionally found in 
Pacific Sand Lance and Pacific Herring young of year, but mean levels were low. Thiaminase 
activities in other forage species were also low.  

In the Baltic Sea, thiamine deficiency in salmon is linked to imbalanced ratios of thiamine to 
omega3-polyunsaturated fatty acids (PUFA). While these lipids are a good energy source, 
without enough thiamine they can exacerbate deficiency through peroxidation. Myctophids had 
the highest omega3-PUFA content, followed by adult Northern Anchovy, Pacific Sand Lance, 
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and Pacific Herring. Thiamine content of these samples will also be analyzed, and the dataset 
expanded for broader seasonal, geographic, and taxonomic coverage.  

Overall fatty acid composition of prey species displayed species-specific signatures, which can 
be used to identify prey species consumed by salmon, based on their own fatty acid 
composition (Budge et al. 2012). These fatty acid markers will be combined with stable isotopes 
to link the prey consumed by salmon to their thiamine status.  
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63.  HYDROGRAPHIC VERTICAL SEPARATION SURFACE FOR 
CANADIAN WATERS – RECENT OPERATIONAL SURFACE 

Michael G. Morley and Marlene Jeffries, Canadian Hydrographic Service, Institute of Ocean 
Sciences, Fisheries and Oceans Canada, Mike.Morley@dfo-mpo.gc.ca 

63.1.  Highlights 
• The Continuous Vertical Datum (CVD) model produced by the Canadian Hydrographic 

Service produces HyVSep surfaces of chart datum, and other tidal datums (e.g., 
HHWLT) with respect to geodetic datums of interest such as NAD83 (CSRS), CGVD28, 
and CGVD2013. 

• The hydrographic vertical separation surfaces (HyVSep) are comprised as a sum of 
individual layers, including: a geoid model, satellite altimetry, mean water-level (and 
other tidal datum levels) and dynamic ocean topography from a suite of ocean models, 
and relative sea-level rise. 

• Observations from the CHS network of permanent and temporary tidal stations and 
Global Navigation Satellite Systems (GNSS) occupations guides the model solution at in 
these locations. 

• The Lowest Low-Water Large-Tide surface (LLWLT) is warped to honour presently 
accepted chart datum at all CHS tide stations. 

• The HyVSeps can be applied to: bathymetric sounding reduction; delineating 
intertidal/sub-tidal zones for ecological studies and land use; definition of coastline; flood 
mapping; storm surge and tsunami modeling; infrastructure planning. 

• New realizations of the HyVSeps are generated—approximately annually. 

• HyVSep surfaces are updated ~annually as new or improved water-level and GNSS 
observations, grid modifications, and input models come available. 

• HyVSep surfaces are available to the public by request @ http://tides.gc.ca 

• In the near future the surfaces will be made available on a public portal. 

63.2.  Summary 

Canadian Hydrographic Service (CHS) has developed the Continuous Vertical Datum for 
Canadian Waters (CVDCW). The goal of the CVDCW is to develop a Hydrographic Vertical 
Separation (HyVSEP) surface connecting chart datum (CD) to national geodetic reference 
frames such as the NAD83 ellipsoid and CGVD2013 geoid. 

The HyVSEP surfaces produced by the CVDCW model capture the spatial variability in CD (and 
other hydrographic datums) whereas, historically, CD was defined only at a few, discrete 
locations on the coast. The CVD model integrates ocean models, observed water levels from 
CSH tide stations, global navigation satellite systems (GNSS) observations, sea level trends, 
satellite altimetry, and a geoid model to estimate the HyVSEP surfaces 

The CD surface defines the hydrographic datum for Canada that the CHS published tides and 
chart depths are referenced to. Other HyVSEP surfaces (e.g., low water, high water) provide 
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information for coastal studies, climate change adaptation, and the definition of the Canadian 
shoreline and offshore boundaries. 

HyVSEP surfaces are updated approximately annually as new observations from tide stations, 
GNSS, and satellite altimetry as well as model inputs come available. Surfaces are currently 
available only by request from CHS, and will be made available through a public portal in the 
near future. 

 

Figure 63-1. Summary of vertical layers making up the NAD83-CD HyVSEP (left). Operational NAD83-CD HyVSEP 
surface for 2025 (right). 
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64.  ESTABLISHING BASELINES, RISKS, AND MECHANISMS OF 
THIAMINE DEFICIENCY IN BRITISH COLUMBIA CHINOOK SALMON, 

2023-2024 
Jacob E. Lerner1, Anna K. McLaskey1, and Brian P.V. Hunt1,2 

 
1Institute for the Oceans and Fisheries, University of British Columbia, Vancouver, B.C. 
j.lerner@oceans.ubc.ca, a.mclaskey@oceans.ubc.ca, b.hunt@oceans.ubc.ca,  
2Department of Earth, Ocean, and Atmospheric Sciences, University of British Columbia, 
Vancouver, B.C.  

64.1.  Highlights  
• Thiamine (vitamin B1) in salmon is derived from their prey in the marine environment 

and is transferred to offspring. The most acute effects of thiamine deficiency are 
manifested in pre-feeding fry, with high mortality.  

• Chinook Salmon eggs with thiamine levels that can impact fry mortality were observed in 
all populations sampled in 2023 (8) and in at least 2 populations sampled in 2024 (more 
data is forthcoming).  

64.2.  Extended abstract 

Thiamine (vitamin B1) deficiency complex (TDC) is a rapidly emerging issue impacting Chinook 
Salmon in California (Mantua et al. 2021) and Alaska (Larson and Howard 2019) but has 
received limited evaluation in B.C. In Chinook Salmon, TDC can cause high mortality in 
emerging fry as well as other latent behavioral effects. Chinook Salmon do not produce 
thiamine; they derive it from prey in the marine environment. Chinook Salmon may become 
deficient in thiamine if 1) they do not obtain enough of the vitamin naturally from their diet, 2) 
they consume prey with high levels of thiaminase (a thiamine-degrading enzyme found in some 
forage fish), 3) they consume prey high in omega3-polyunsaturated fatty acids (PUFAS) which 
utilize thiamine during peroxidation, or 4) thiamine is drawn down during lipid metabolism across 
a Chinook Salmon’s freshwater migration (Keinänen et al. 2022). Chinook Salmon thiamine 

levels therefore may be affected by changing ocean conditions, diet, or even the amount of lipid 
used during migration. B.C.’s Chinook Salmon populations vary in their marine distribution, 

diets, and migration lengths, meaning TDC is likely to manifest differently across these 
populations.  

Very little data on Chinook Salmon thiamine levels in B.C. exists (but see Welch et al. 2018). To 
address this data gap, this two-year BCSRIF funded project is establishing baselines and 
investigating mechanisms of TDC in B.C. Chinook Salmon. This project measured egg thiamine 
levels in 8 Chinook Salmon populations from the Fraser River and southern B.C. during the 
2023-2024 spawning seasons. These populations include most major life history types of 
Chinook Salmon, with differences in known run-timings (spring, summer, fall), marine 
distributions relative to the Fraser River (local/south, north, offshore) and freshwater migrations 
(coastal to upper Fraser). Measured thiamine levels have been compared to thresholds for fry 
survival established in California.  
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Results from 2023 indicated the presence of TDC in B.C. Chinook Salmon. A proportion of all 
populations exhibited egg thiamine levels that were deficient, at levels shown to impact fry 
survival. Data from 2024 is still forthcoming, but initial results from two populations indicate the 
continued presence of TDC. Egg thiamine levels were higher in locally distributing, coastal 
Chinook Salmon populations and lower in middle and upper Fraser Chinook Salmon 
populations. Variability in egg thiamine levels was also greater in locally distributing, coastal 
Chinook Salmon populations and lower in middle and upper Fraser Chinook Salmon 
populations. In the Baltic Sea, TDC has been connected to imbalanced ratios of thiamine to 
PUFAs (Keinänen et al. 2022) however we did not observe a relationship between egg PUFA 
levels and thiamine levels in B.C. Chinook Salmon. 

Data on B.C. Chinook Salmon egg thiamine levels was collected in conjunction with data on 
variables such as health, size, life histories, marine distributions, and prey preferences based on 
stable isotope and fatty acid markers. These data will be linked to identify drivers of and risk 
factors for TDC in B.C. Chinook Salmon.  
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65.  CANADA’S OCEANS NOW - STATE OF CANADA’S OCEANS 
Katherine Middleton, Emily Loewen, and Amanda Jeanson; Fisheries and Oceans Canada, 
Ottawa, ON, katherine.middleton@dfo-mpo.gc.ca, emily.loewen@dfo-mpo.gc.ca, 
amanda.jeanson@dfo-mpo.gc.ca 

65.1.  Highlights 
• Canada’s State of the Ocean reports are annual summaries of the status and trends of 

marine ecosystems in Canada. Reports are produced on a rotational basis for each 
ocean, followed by the National State of the Oceans report released every four years.  

• The latest National State of the Oceans report Canada’s Oceans Now, 2020 was 
released in 2021. The National report is a high-level summary of status and trends in all 
three oceans highlighted through engaging infographics and plain language science 
writing. The next National State of the Oceans report is being developed and is set to be 
released in 2026.  

• The latest State of the Pacific Ocean public report and communication products were 
released in 2022. The public-facing content includes plain language science writing, 
case studies, infographics and engaging visuals for social media and outreach. The next 
State of the Pacific Ocean, Canada’s Oceans Now: Pacific Ecosystems, 2025 public 
report is planned to be released in 2027. 

• The public and technical reports alongside associated products for the State of the 
Atlantic Ocean was released in 2022 followed by the State of the Arctic Ocean in 
2024/25. 

65.2.  Summary 

Canada’s State of the Ocean reports are summaries of the status and trends of ecosystems in 

Canada’s three oceans. The State of the Ocean initiative is in keeping with the Government of 

Canada’s commitment to inform Canadians on the science on which decision-making is based. 
The ongoing reporting cycle presents technical and plain-language science information on one 
of Canada’s oceans per year; followed by a national report being undertaken in the fourth year. 

State of the Ocean (SOTO) products are developed by Fisheries and Oceans Canada (DFO) 
Science and include both a technical and public report. Both reports include status and trend 
information with key findings on the health of Canada’s marine ecosystems. Alongside a plain-
language summary report are science communication products such as infographics, videos 
and other engaging visuals for social media and outreach. 

The State of the Pacific Ocean public report and communication products were released in 
2022. Canada’s Oceans Now: Pacific Ecosystems, 2021 is the fourth public report of the annual 
ocean series on the status and trends of marine ecosystems in Canada. This report is based on 
key findings detailed in the Canadian Technical Report of Fisheries and Aquatic Sciences 3377 
and 3434, State of the physical, biological and selected fishery resources of Pacific Canadian 
marine ecosystems in 2019 and 2020. The public report was prepared by Fisheries and Oceans 
Canada with contributions from Environment and Climate Change Canada and the Government 
of British Columbia. The report gives an overview of the health of Canada’s Pacific Ocean and 

shares our knowledge of the many influences that affect ocean systems. It also highlights the 
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key challenges facing our ocean ecosystems, coastal communities, fisheries and other ocean 
economies, such as the effects of extreme warming events on species distribution and habitat, 
and how changes to the marine food web may impact the livelihoods and well-being of coastal 
communities. The next State of the Pacific Ocean Canada’s Oceans Now: Pacific Ecosystems, 

2025 public report is planned to be released in 2027. 

The first SOTO report and accompanying products on the State of the Atlantic Ocean were 
released in 2019 followed by the State of the Arctic Ocean and associated products in 2020. In 
2021, the National State of the Oceans report Canada’s Oceans Now, 2020 was released 
alongside communication products. The public report is a high-level summary of status and 
trends from all three oceans with engaging infographics and plain language science writing. The 
second State of the Atlantic Ocean technical and public report content were released in 
2023/24, followed by the second State of the Arctic Ocean technical report and public report 
content in 2024/25.  

The next National State of the Oceans report is being developed and is set to be released in 
2026.  
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66.  USING MACHINE LEARNING TO PREDICT THE APPEARANCE OF 
PHYTOPLANKTON BLOOM IN SALISH SEA 

Ilias Bougoudis, Karyn Suchy, Susan Allen, and Matias Salibian-Barrera, University of British 
Columbia, Vancouver, B.C., ibougoudis@eoas.ubc.ca  

66.1.  Highlights  
• Machine learning can predict the formation of the Phytoplankton bloom in the Salish 

Sea. 

• Different machine learning approaches and different atmospheric drivers are required for 
different oceanographic processes.  

• Wind speed is not an important driver (except for the Diatom production rate). 

66.2.  Extended abstract 

The study used SalishSeaCast Phytoplankton variables from 2007 to 2024 (Diatom biomass, 
Nanoflagellate biomass, Diatom production rate, NanoFlagellate production rate). Machine 
learning models (gradient boosting for the production rates and functional regression for the 
biomasses) were implemented, which assessed the impact of atmospheric drivers (acquired 
from Environment and Climate Change Canada’s High Resolution Deterministic Prediction 
System (HRDPS)) for each variable, by predicting the formation of the Phytoplankton bloom. 
Each Phytoplankton variable had a different set of important drivers and was evaluated in a 
different period, based on their variability. More specifically, short-wave radiation, long-wave 
radiation, and air temperature were the important drivers for Diatom biomass; short-wave 
radiation, long-wave radiation, air temperature, sea level pressure, and precipitation were the 
important drivers for Nanoflagellate biomass; short-wave radiation, wind speed, air temperature, 
and precipitation were the important drivers for Diatom production rate; short-wave radiation, 
sea level pressure, air temperature and precipitation were the important drivers for 
Nanoflagellate production rate. Figure 66-1 shows the agreement between targets and 
predictions for Diatom biomasses in Juan de Fuca west. 

 

Figure 66-1. Time-series of daily Diatom biomasses for Juan de Fuca west (2021–2024). 

The efficacy of the models was validated with time-series and daily map comparisons. Overall, 
satisfactory agreement can be seen for all four Phytoplankton variables (Figure 66-1).  
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GradientBoostingRegressor — scikit-learn 1.6.1 documentation 

HistoricalLinearRegression — scikit-fda 0.9.1 documentation 
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67.  QUANTIFYING OCEANIC CARBON AND QUALIFYING THE 
CHALLENGE OF MEASURING CARBON IN BAYNES SOUND, B.C., 

CANADA 
Edward A Mason edwardmason@oceannetworks.ca, Zhiyin Zheng, Andrew M Snauffer, and 
Kohen W Bauer, Ocean Networks Canada, University of Victoria, Victoria, B.C., Canada. 

67.1.  Highlights 
● High resolution of CTD, dissolved oxygen, pCO2 and pH (40 m only) data have been 

collected at 5 m, 20 m, and 40 m at a cabled observatory in Baynes Sound since 2019. 

● Long-term continuous monitoring of the carbonate system for ocean acidification study in 
Baynes Sound is challenging due to biofouling caused by high biological productivity and 
sensor failure in the field. 

● To improve data continuity and quality, the existing mooring with fixed depth packages 
will be re-designed into a winch profiler to mitigate biofouling and reduce maintenance 
efforts. 

67.2.  Extended Abstract 

The cabled observatory (49° 29.213 N 124° 46.160 W) is located in Baynes Sound, one of 
B.C.’s most productive regions for shellfish aquaculture and clam beaches (Evans et al. 2023). 

Hosting sensors measure pCO2, CTD (Conductivity, Temperature, Depth), pH, and DO 
(dissolved oxygen) at three fixed water column depths (5, 20, and 40 m below sea surface, 
mbss). The buoy currently functions as an observatory and sentinel site for ocean acidification 
monitoring since 2019. 

Figure 67-1. a) Map of Vancouver Island and the Salish Sea. b) Map of Baynes Sound including the location of the 
Baynes Sound Mooring.  

While this mooring has demonstrated capacity for collecting ocean acidification measurements, 
data quality has been largely compromised by intense biofouling, which can also lead to outright 
sensor failure and extended data gaps. As an additional measure to ensure data quality, in situ 
measurements of carbonate system have been collected and analyzed in collaboration with the 
Hakai Institute since March 2025. Given the region's high biological productivity, the observatory 
experiences both microfouling (biofilms on the sensor surfaces) and macrofouling (colonization 
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by barnacles, shrimp, soft corals, sponges, etc.). Due to this biofouling, it is challenging to 
maintain a continuous and reliable long-term time series and ensure robust data quality. 

 

Figure 67-3. Normalised and offset daily average of pCO2 measurements from all depths since installation in 2019. 

Trend analysis on the carbonate system parameters and temperature and DO data was 
performed using the TOATS analysis package (Sutton et al. 2022). A significant increasing 
trend for pCO2 at 5 mbss and DO at 40 mbss was found; the numbers of years to detect the 
trend are 8.6 ± 2.3 years and 9.4 ± 2.7 years, respectively. Though not directly comparable due 
to differences in analytical methods, sample depth, and regional dynamics, the observed pCO2 
trends are in keeping with previously observed trends in the Northern Salish Sea (Evans et al. 

Figure 67-2. Intense biofouling condition at different depths after 5 months of deployment. 
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2019). No significant trends are found for other parameters. 

To improve data continuity and quality, the mooring is currently going through a redesign with 
installation expected in 2025, funded by Climate Ready B.C. Seafood Program. The new design 
is centered around a winch profiling mechanism which will allow for profiling the entire water 
column multiple times per day. It is expected that the new mooring design will have the ability to 
profile both pH and pCO2 at all depths, in order to model the complete carbonate system 
throughout the water column. The new design aims to mitigate biofouling and reduce 
maintenance efforts by reducing time in the euphotic zone to reduce photosynthetic growth. 
Combining the current three instrument packages into one profiler also means shorter 
maintenance visits, allowing time for physical sample collection for sensor calibration.  

Figure 67-4. Sketch of the upgraded buoy with a profiling instrument package. 
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68.  ADULT CHINOOK SALMON DIETS AS INDICATORS OF PREY 
SPECIES DISTRIBUTION AND AVAILABILITY 

Nathanael Tabert, Tom Zhang, Will Duguid, Wesley Greentree, Bridget Maher, and Francis 
Juanes, University of Victoria, Victoria, B.C., uvicsalmondiet@gmail.com  

68.1.  Highlights  
• Chinook Salmon stomach fullness was highest in the Strait of Georgia (SOG) in 2024 but 

was lower than in previous years (2017-2023) for this region in both summer and winter. 

• Pacific Herring remained important prey in all regions.  

• Northern Anchovy remained an important diet item in Howe Sound in 2024. 

• Fullness was relatively low in the summer on the West Coast of Vancouver Island 
(WCVI); squid returned as important prey in 2024 after lower importance in 2023. 

68.2.  Extended Abstract 

Forage species distributions and abundance are likely to shift with anthropogenic climate 
change (Gunther et al. 2024), potentially altering their availability as prey to Chinook Salmon. 
The UVic Adult Salmon Diet Program (ASDP) uses salmon diets as a tool for monitoring 
ecosystem change. Since 2017, Chinook Salmon and Coho Salmon digestive tracts have been 
collected from recreational anglers, NGOs, and First Nations. Prey items are identified and 
weighed, subsamples are measured, and otoliths are extracted and archived. For this analysis, 
seasons are summer (Apr-Sep) and winter (Oct-Mar); regions are Juan de Fuca (JDF), Gulf 
Islands/ Haro Strait, Howe Sound, Strait of Georgia, and West Coast Vancouver Island; data 
from regions and periods affected by recreational fishery closures are not included (Tabert et al. 
2024). 

Seasonal and regional trends in Chinook Salmon stomach fullness and diet composition in 2024 
were consistent with previous years (Figure 68-1). Pacific Herring continued to be an important 
diet item across regions and seasons. Squid were important in WCVI, and Northern Anchovy 
remained important in Howe Sound. Deviations from past trends include lower fullness in the 
SOG in both summer and winter which may indicate lower Pacific Herring availability to Chinook 
Salmon. Fullness was also lower in WCVI in the summer of 2024. The importance of 
cephalopods (squid) in WCVI was higher after a decrease in importance was observed in 2023.  

We plan to develop spatiotemporal models (sdmTMB; Anderson et al. 2024) to account for 
uneven sampling due to fisher behaviour and increasingly complex fisheries management 
measures. This approach will allow us to use all ASDP data (without censoring closure periods) 
to better resolve spatial patterns and temporal trends in Chinook Salmon prey fields in B.C. 
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Figure 68-1. Partial Fullness Index. Diet data from recreationally caught Chinook Salmon grouped by region (columns), 
season (rows) and year (2017-2024). The height of the bars represent mean stomach fullness and the colours within 
visualize the contribution of each prey type to overall fullness. Index does not include data from periods and regions 
affected by recreational fishery closures. Numbers on bars represent sample sizes. JDF = Juan de Fuca; VI = Vancouver 
Island 

https://www.biorxiv.org/content/10.1101/2022.03.24.485545v4
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69.  THE PACIFIC RIM INITIATIVE FOR SUSTAINABLE MARINE 
SYSTEMS (PRISMS) 

Philippe Tortell1, Mary O’Connor1, William Cheung1, Roberta Hamme2, Amanda Bates2, Anne 
Saloman3, Nick Dulvy3, Sean Rogers4, Brent Else5, Sally Leys6, Paul Myers6,  
Kohen Bauer7, Wiley Evans8, Charles Hannah9 
 
1University of British Columbia, Vancouver, B.C., ptortell@eoas.ubc.ca 
oconnor@zoology.ubc.ca w.cheung@oceans.ubc.ca 
2University of Victoria, Victoria, B.C., amandabates@uvic.ca rhamme@uvic.ca 
3Simon Fraser University, Burnaby B.C., anne_salomon@sfu.ca dulvy@sfu.ca 
4University of Calgary, Calgary AB., and Bamfield Marine Sciences Center, Bamfield B.C., 
director@bamfieldmsc.com 
5University of Calgary, Calgary, AB., belse@ucalgary.ca 
6University of Alberta, Edmonton, AB., sleys@ualberta.ca pmyers@ualberta.ca 
7Ocean Networks Canada, Victoria, B.C., kohenbauer@oceannetworks.ca 
8Tula Foundation, Campbell River, B.C., wiley.evans@hakai.org 
9Fisheries and Oceans Canada, Sidney, B.C., Charles.Hannah@dfo-mpo.gc.ca 

69.1.  Extended Abstract 

In the face of growing anthropogenic pressures on Canada’s marine ecosystems, the Federal 

Government’s $1.6B Ocean Protection Plan lays out a strategy to develop a sustainable blue 

economy that anticipates and mitigates ocean hazards, and supports the well-being of coastal 
and Indigenous communities. Meeting this ambitious goal requires major investments in people 
and research infrastructure, and new approaches to ocean sciences that combine state-of-the-
art observations, analysis and prediction, with community-led stewardship of marine resources. 
To address this challenge, we propose the creation of a world-class marine research center in 
western Canada ― the Pacific Rim Institute for Sustainable Marine Systems (PRISMS) ― 

which will drive ocean innovation, discovery and knowledge mobilization.  Bringing together a 
wide range of people, expertise and perspectives, PRISMS will tackle globally-significant 
research problems, including coastal climate vulnerability and resilience, mitigation of marine 
hazards, and the sustainable use of ocean resources. Our work will be responsive to regional 
ocean challenges, and informed by the priorities of coastal and Indigenous communities.  

Through the Canada First Research Excellence Fund (CFREF), several groups across Canada 
have secured funding to support large-scale ocean research initiatives, including the Ocean 
Frontier Institute (led by Dalhousie) and Takuvik program (led by l’Université Laval). These 
initiatives have greatly expanded marine science capabilities in eastern and central Canada, 
with a focus on the Atlantic and eastern Arctic Oceans. By comparison, no CFREF-funded 
marine science institute exists along Canada’s Pacific coast, significantly limiting national 
capacity to conduct coordinated marine research across our three ocean basins.  

Over the past decade, there have been significant advances in ocean observing and prediction 
capabilities in Western Canada, including new research infrastructure at various universities, 
Ocean Networks Canada, the Bamfield Marine Sciences Center, the Hakai Institute and DFO. 
Fully exploiting these opportunities requires major new investments in people and research 
programs, as well as new interdisciplinary, international, and cross-sector approaches to 
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generate shared knowledge about the oceans. Ocean science must be understood in a broader 
social context, including relevant economic and legal frameworks that address the needs of 
coastal communities. Such a large-scale effort requires coordination and collaboration across 
many partners, well beyond the scope of individual investigators, or even single universities or 
government departments. 

PRISMS will bring together marine researchers and non-academic partners across western 
Canada, enabling transformative new approaches to research that support Indigenous and 
coastal community capacity for ocean stewardship, sustainable resource management and risk 
mitigation. The institute will build national collaboration, working through the Western Canadian 
Marine Sciences Society (WCUMSS), and new international partnerships across the Pacific rim 
to further strengthen Canada’s position as a global leader in ocean research. Over the coming 
year, we will be holding a series of workshops to identify priority areas for ocean research in 
western Canada, working towards a collective vision for PRISMS. A steering committee has 
been established with ocean researchers from the five WCUMSS member universities (UBC, 
UVic, SFU, U. of Calgary and U. of Alberta), alongside representatives from DFO, ONC and the 
Tula Foundation. We have received seed funding from several sources to support the initial 
development of PRISMS, and will be working to engage with broad range of groups from 
different sectors (academic, government, private industry, NGO, and community groups). More 
information will be made available in the coming months. Those interested in learning more 
should contact Philippe Tortell (ptortell@eoas.ubc.ca). 
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70.  STATE OF THE MESOSCALE AND SUBMESOSCALE IN THE 
NORTHEAST PACIFIC 

Jody M. Klymak1, Tetjana Ross1,2, Guoqi Han2, Giuliana Berden1, Lauryn Talbot1 

 
1School of Earth and Ocean Sciences, University of Victoria, Victoria, B.C., jklymak@uvic.ca   
2Institute of Ocean Sciences, Fisheries and Oceans Canada, Sidney, B.C., Tetjana.Ross@dfo-
mpo.gc.ca  

70.1.  Highlights  
• 2024 saw 7 Haida Eddies in satellite altimetry, corresponding to a usual year. 

• The size of the subpolar gyre was moderate. 

• Water influenced by the California Undercurrent was highly variable, but varied between 
100 and 200 km thick, with potentially more turbulence in summer months. 

70.2.  Extended abstract 

The size and strength of the subpolar gyre was moderate in 2024, but on a growing trend, and 
the number of Haida Eddies observed this year was similarly moderate, with approximately 7 of 
them in the satellite record, and in glider observations (see poster).  

Warm water affected by the California Undercurrent was quite variable, extending between 100 
and 200 km offshore (Figure 70-1), and showing coherent turbulent features though the glider 
transects to 1000 m depth.  There is preliminary evidence that the turbulence was stronger in 
summer of 2024 than the rest of the year, but more statistics will be necessary to see if that is a 
seasonal trend or just a co-incidence of random variability. 

Model-data comparisons of the structure of the temperature and density variability in the 
Northeast Pacific indicate that the NEMO models being run require further tuning to accurately 
represent both the mesoscale and the submesoscale, with the model having an excess of 
mesoscale variance, and deficit of submesoscale.   
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Figure 70-1. Temperature anomalies along the Southern Line (https://cproof.uvic.ca).  0 km is the continental shelf, 
and offshore is to the left.  20 occupations of this line were accomplished Mar 2024 to Mar 2025. 
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71.  EMERGING HYPOXIA ON THE CENTRAL COAST OF BRITISH 
COLUMBIA, CANADA  

Samuel W. Stevens1,4, Charles Hannah2, Wiley Evans1, Jody Klymak3, Tetjana Ross2, 
Stephanie Waterman4 

 
1 Hakai Institute, Heriot Bay, B.C., sam.stevens@hakai.org wiley.evans@hakai.org  
2 Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, B.C., 
Charles.Hannah@dfo-mpo.gc.ca Tetjana.Ross@dfo-mpo.gc.ca 
3 School of Earth and Ocean Sciences, University of Victoria, Victoria, B.C., jklymak@uvic.ca  
4 University of British Columbia, Vancouver, British Columbia, swaterman@eoas.ubc.ca  

71.1.  Highlights  
• Observations of hypoxic bottom waters have become more common in Queen Charlotte 

Sound during recent years. 

• An “extreme” hypoxia event was observed in late summer 2023, where O2 
concentrations as low as 26.7 μmol kg-1 were observed, more than two standard 
deviations below the seasonal climatology. 

• There are deoxygenation trends of 5-10 μmol kg-1 per decade on density surfaces 
representing the regional deep layer. 

71.2.  Extended abstract 

Queen Charlotte Sound (QCS), the largest shelf sea on the central coast of B.C. has 
experienced hypoxia (i.e., O2 < 61 μmol kg-1) at an increasing rate in recent years. In 2022 and 
2023, hypoxia was sustained and widespread in QCS bottom waters across the shelf during 
summer months (Hannah et al. 2023; Hannah et al. 2024), culminating in a statistically-defined 
“extreme” hypoxia event in 2023. The emergence of bottom hypoxia in QCS is the result of long-
term shelf-wide declines of 4–11 μmol kg-1 decade-1 in regional deep waters (σΘ=26.00–26.75 
kg m-3), which appear to be related to the supply of O2 to the shelf from offshore waters. 
Changes in the strength and timing of upwelling and the consumption of O2 on the shelf also 
play a role in modulating O2 on interannual and seasonal scales, driving nearshore hypoxia. 
Additionally, the North Pacific Gyre Oscillation is identified as a strong driver of O2 variability on 
interannual scales. The regional emergence of hypoxia has resulted from progressive O2 
declines combined with natural variability on interannual and seasonal scales, rather than a 
sudden negative shift in O2. Considering current regional O2 conditions and trends, it is likely 
that isolated periods of bottom water hypoxia will become a more common feature of 
summertime shelf deep waters hereafter, while mean summertime deep water O2 conditions 
may decline below the hypoxic threshold by 2050, impacting large areas of the shelf seafloor. 
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72.  UPDATE ON THE DISTRIBUTION AND MONITORING ACTIVITIES 
FOR AQUATIC INVASIVE SPECIES IN PACIFIC REGION 

Karen Dyke, Manon Picard, and Thomas W. Therriault 
Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C. 
Karen.Dyke@dfo-mpo.gc.ca, Manon.Picard@dfo-mpo.gc.ca, Thomas.Therriault@dfo-
mpo.gc.ca 

72.1.  Highlights 
• Marine aquatic invasive species (AIS), including European Green Crab (EGC) continue 

to spread in B.C. 

• Amphibalanus improvisus (Bay Barnacle) was detected for the first time on B.C.’s North 

Coast in 2024. 

• In an effort to characterize the relationship between relative and absolute abundance of 
EGC a mark-recapture study was initiated at two sites on southern Vancouver Island. 

72.1.  Settlement Plate Monitoring in the Pacific Region 

A number of AIS are spread by commercial vessels or recreational boats so surveying for them 
in the ports and marinas of B.C. is a good early detection and monitoring strategy. Common 
biofouling species of concern include colonial tunicates (e.g., Botrylloides violaceus, Botryllus 
schlosseri, Diplosoma listerianum), encrusting bryozoans (e.g., Cryptosula pallasiana, 
Schizoporella japonica), barnacles (e.g., Amphibalanus improvisus) and mussels. Regular 
monitoring for these species has been conducted by the AIS Science team for over a decade to 
better understand their distribution, changes in community composition, and to inform 
management decisions. Since 2014, the standardized method for monitoring fouling AIS in B.C. 
has been weighted PVC plates (14x14 cm) deployed from floating docks (Clarke Murray et al. 
2011; Iacarella et al. 2019).  

Between 2023 and 2025, efforts have been made to understand possible seasonal patterns in 
fouling AIS communities with plates deployed at three intervals: winter (Nov-Feb), spring (Feb-
June), and summer (June-Sept), at four indicator sites in both Prince Rupert and Metro 
Vancouver, and additional sites on eastern Vancouver Island (Figure 72-1). Presence/absence 
data for known AIS at each core site was compiled for all plates (20 plates per site) to produce 
this report.  
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Figure 72-1. Plate deployment locations in B.C., 2024. Yellow includes deployment sites in the North Coast, green in 
the Salish Sea, and red in Metro Vancouver. 

72.3.  Status and Trends in Biofouling AIS 

Overall, there was a general decreasing trend in the frequency of many AIS in the North Coast 
(Figure 72-2), with the exception of Schizoporella japonica which saw a slight increase. Of 
special note, Amphibalanus improvisus (Bay Barnacle) was detected for the first time in the 
North Coast in 2024 at one location in the fall, a considerable expansion this season from Metro 
Vancouver where it has been detected repeatedly in recent years. In Metro Vancouver many 
fouling AIS showed a moderate increase in frequency, especially Botryllus schlosseri, while 
Schizoporella japonica decreased slightly. Importantly, there were no new AIS detected in 2024. 
Vancouver Island locations showed a slight increase in frequency of several AIS from the 
previous two years including Amphibalanus improvisus, Botrylloides violaceus, Diplosoma 
listerianum, and Schizoporella japonica. 
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Figure 72-2. Frequency of occurrence of various AIS tunicates, bryozoans and barnacles on settlement plates from 
North Coast (Prince Rupert and Metlakatla, yellow line with circles), Metro Vancouver (red line with triangles), and 
Salish Sea (eastern Vancouver Island, green line with squares). Data range is from 2014 to 2024 (x axis). Frequency 
is indicated by the proportion of plates with the species present (y axis). 

72.4.  European Green Crab Mark-Recapture Study  

Invasive European Green Crab (EGC, Carcinus maenas) continue to spread along the west 
coast of North America with increasing demands to manage this high-risk invader. EGC have 
been monitored in B.C. since 2006, eight years after their documented introduction from the 
United States via natural larval dispersal (Gillespie et al. 2007). The program has led to the 
early detection and targeted eradication efforts of EGC in new areas, including the Salish Sea, 
Haida Gwaii, and more recently in the Prince Rupert area.  

Current efforts to characterize spread and identify invasion hotspots are based on a relative 
measure of abundance – Catch Per Unit Effort (CPUE), but to gauge management 
effectiveness an absolute measure of abundance is required. Thus, DFO Science initiated a 
project in 2024 to evaluate the utility of using mark-recapture techniques to estimate absolute 
EGC abundance at two sites with different invasion histories. The beach at Hillier Island in 
Barkley Sound was one of the first sites in B.C. that was invaded with a relatively large and 
consistent EGC population since 2006. In contrast, Sooke Basin was invaded several years 
later but the site at Roche Cove has had a variable EGC population for at least a decade. In 
Roche Cove trapping and tagging occurred four times between June and November, and three 
times over that same time period at Hillier Island. This study involved using small plastic disk 
tags (individually numbered) glued to the carapace of each trapped EGC during monthly 
surveys. In 2024 over 5,000 EGC were tagged in total between the two locations and although 
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data analysis is currently underway, recapture rates of about 4% suggest meaningful absolute 
population estimates are possible. This study is expected to continue in 2025. 

72.5.  Implications and Drivers of AIS Range Expansions in the Pacific Region 

The potential for localized, anthropogenic-mediated spread of AIS combined with their 
increasing abundance and climate change means AIS will continue to have greater impacts on 
native species, ecosystems, and industry. The spread of AIS via infested vessels, structures, 
and equipment will continue to be a primary vector for both existing (known) and novel 
biofouling AIS in B.C. The Settlement Plate Program has been both a useful proxy for tracking 
dispersal of fouling AIS and a means of increasing public awareness of these species. By 
focusing management on key vectors, there is a better chance of reducing spread of both 
established AIS and newly introduced or undetected ones whose impacts are not yet known.  

EGC are known to have significant negative impacts on bivalves, native shore crabs, and on 
critical eelgrass habitats (Howard et al. 2019). The continued spread of this species has 
resulted in the Salish Sea Transboundary Action Plan for Invasive EGC (Drinkwin et al. 2019), a 
joint management plan between DFO and Washington State partners, and a dedicated early 
detection and eradication program managed by AIS National Core Program. However, the 
arrival of EGC on Haida Gwaii, in southeastern Alaska and in the Prince Rupert area has 
highlighted the need for similar multiagency management plans for other parts of B.C. in order 
to limit the ecosystem impacts of this invader. Engagement with First Nations, stakeholders and 
industry will be essential to mitigate the potential impacts of this high-risk invader. 
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73.  RESEARCHING THE RESEARCH STATIONS: ANNUAL 
MONITORING AT PBS AND IOS 

Jocelyn Nelson1, Lucie Hannah2, and Cathryn Murray2 

1DFO Science, Pacific Biological Station, Nanaimo, B.C., Jocelyn.Nelson@dfo-mpo.gc.ca   
2DFO Science, Institute of Ocean Science, Sidney, B.C., Lucie.Hannah@dfo-mpo.gc.ca 
Cathryn.Murray@dfo-mpo.gc.ca  

73.1.  Highlights  
• DFO’s annual monitoring project aims to create a time series of ecological and 

biophysical properties of areas surrounding the Pacific Biological Station (PBS) and the 
Institute of Ocean Sciences (IOS).  

• By taking a collaborative approach, keeping protocols simple, and selecting areas that 
can be accessed without travel, the project aims to maintain annual monitoring long 
term. 

73.2.  Extended abstract 

DFO’s Ecosystem Stressors Program, together with members from ROPES (Research in 
Ocean Properties and Ecosystem Stressors), MSEA (Marine Spatial Ecology and Analysis), 
AEMMS (Aquatic Ecosystem & Marine Mammals Section), Marine Invertebrates, Nearshore 
Ecosystems, and Integrated Marine Response Planning, initiated a monitoring program at each 
research station to track ecological and biophysical properties over time. By using established, 
standard protocols and selecting areas that we can access without travel, we aim to repeat the 
survey each year with the goal of creating a long-term dataset. 

In 2024, we brought together a team of 15 people at IOS and 17 at PBS. The intertidal survey 
documented 21 intertidal taxa at PBS and 25 at IOS, there were 24 fouling species on 
settlement plates at PBS and 19 at IOS. The drone survey was used to create orthomosaics of 
each site, and the teams quantified and collected marine debris through transect surveys. 
Results from baited remote underwater videos and eDNA samples are still being processed. We 
are open to more survey methods if you have suggestions or requests; the only limitation is the 
availability of staff willing to commit to repeating the survey annually and within our goal of a 
single-day event. 

If you are interested in participating in this collaborative field work, please contact us. 
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