
 
 

 
 
 
 
 
 

Canadian Bibliography of Recent Publications Linked to the 2016–2022 
NPAFC Science Plan 

 
 

by 
 

S.C.H. Grant1, T.D. Beacham2, B.M. Connors3, S.G. Hinch4, C. Holt2, J.R. Irvine2, and J.R. King2 

 
1Fisheries & Oceans Canada 

200-401 Burrard Street, Vancouver, B.C., Canada V6C 3S4 
 

2Fisheries and Oceans Canada, Pacific Biological Station 
3190 Hammond Bay Road, Nanaimo, B.C., Canada V9T 6N7  

 
3Fisheries and Oceans Canada, Institute of Ocean Sciences 
9860 West Saanich Road, Sidney, B.C., Canada V8L 4B2 

 
4University of British Columbia, Forest Sciences Centre 3041 

2424 Main Mall, Vancouver, B.C., Canada V6T 1Z4 
 
 

Submitted to the 
 
 

NORTH PACIFIC ANADROMOUS FISH COMMISSION 
 

by 
 

Canada 
 
 

March 2021 
 
 
 

 

 

NPAFC 
Doc. 1942 
Rev.  

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER: 
Grant, S.C.H., T.D. Beacham, B.M. Connors, S.G. Hinch, C. Holt, J.R. Irvine, and J.R. King.  
2021.  Canadian bibliography of recent publications linked to the 2016–2022 NPAFC Science 
Plan.  NPAFC Doc. 1942.  15 pp.  Fisheries and Oceans Canada, and University of British 
Columbia  (Available at https://npafc.org). 



1 
 

 
Keywords: Salmon, steelhead, bibliography, Canada, NPAFC Science Plan 
 
Abstract 
The current bibliography lists publications in primary scientific journals and other documents published 
primarily during 2020 by Fisheries and Oceans Canada scientists and their collaborators relevant to the 
2016–2022 NPAFC Science Plan. The bibliography lists 112 publications, many with abstracts, 
corresponding to the key research components of the NPAFC Science Plan. 
 
Introduction 
The Science Sub-Committee of the North Pacific Anadromous Fish Commission (NPAFC) developed a 
five-year Science Plan (2016–2020), and it was agreed to extend the term of the Science Plan to 2022 at 
the 2020 Annual Meeting (https://npafc.org/wp-content/uploads/Public-
Documents/2020/1665Rev.1SSC.pdf) with five research themes intended to help understand variations in 
Pacific salmon productivity in a changing climate: 
 
1. Status of Pacific Salmon and Steelhead Trout 
2. Pacific Salmon and Steelhead Trout in a Changing North Pacific Ocean 
3. New Technologies 
4. Management Systems 
5. Integrated Information Systems 
 
The current bibliography lists recent publications in primary scientific journals and other documents 
published during by Fisheries and Oceans Canada scientific staff and their collaborators. These 
documents outline results from Canadian research relevant to the current NPAFC Science Plan. The 
bibliography lists publications, many with abstracts, corresponding to the first three research components 
of the Science Plan. Although each publication is listed under one research theme, some are relevant to 
more than one research theme. 
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Theme 1: Status of Pacific Salmon and Steelhead Trout 
 
Hinch, S.G., N.N. Bett, E.J. Eliason, A.P. Farrell, S.J. Cooke, and D.A. Patterson. 2021. 
Exceptionally high mortality of migrating female salmon: a large-scale emerging trend and a 
conservation concern. Canadian Journal of Fisheries and Aquatic Sciences. In Press. 
https://cdnsciencepub.com/doi/abs/10.1139/cjfas-2020-0385 
In recent decades, the relative proportion of female sockeye salmon (Oncorhynchus nerka) on spawning 
grounds of several British Columbia populations has declined. Coincident with the decline has been large 
changes to oceanic, estuarine and river migration environments. Over the past 30 years, numerous 
telemetry tracking and laboratory studies have examined mortality of adult Fraser River sockeye salmon 
during ocean and freshwater migrations. We reviewed 19 studies that provided 40 situations where male 
and female mortality could be directly compared. Female mortality averaged 2.1 times greater than males, 
and up to 8-fold higher. High female mortality was also evident in migrating coho salmon (O. kisutch) 
and Chinook salmon (O. tshawytscha), and for sockeye salmon in other systems. Female mortality was 
highest when migration conditions were challenging (e.g., high / turbulent flows, high temperatures, 
confinement, or handling), and towards end of river migration. We review mechanisms for differential 
mortality, including energy exhaustion, cardiac performance, physiological stress, and immune factors. 
Female-specific mortality will become even more pronounced in coming years as ocean and riverine 
conditions continue to change. 

Irvine, J. R. 2021. Bias in hatchery-origin coho salmon survival estimates due to underestimated 
prerelease mortality. Can. J. Fish. Aquat. Sci. 78: 193–196.  dx.doi.org/10.1139/cjfas-2020-0287 
The widely accepted belief that hatchery-origin salmon survive less well than natural-origin or wild 
salmon can be, at least in part, an artifact of the way hatchery salmon survival is estimated. Hatchery 
salmon are often marked several months before release, while natural salmon are marked during their 
seaward migration. Underestimated prerelease mortalities result in biased low survival estimates. In 
British Columbia, although hatchery rearing practices have been modified to reduce unrecorded 
mortalities, experimental evidence indicates that coho salmon (Oncorhynchus kisutch) smolt survivals 
continue to be underestimated by ∼13%. Better reporting and incorporation of survival bias in data sets 
and analyses as well as additional work to evaluate bias for other regions and species over time is needed. 

Peacock, S., Hertz E., Holt A., Connors B., Freshwater C. and K. Connors. 2020. Evaluating the 
consequences of common assumptions in run reconstructions on Pacific salmon biological status 
assessments. Canadian Journal of Fisheries and Aquatic Sciences. 77: 1904–
1920. https://doi.org/10.1139/cjfas-2019-0432 
Information on biological status is essential for designing, implementing, and evaluating management 
strategies and recovery plans for threatened or exploited species. However, the data required to quantify 
status are often limited, and it is important to understand how assessments of status may be biased by 
assumptions in data analysis. For Pacific salmon, biological status assessments based on spawner 
abundances and spawner–recruitment (SR) analyses often involve “run reconstructions” that impute 
missing spawner data, expand observed spawner abundance to account for unmonitored streams, assign 
catch to individual stocks, and quantify age-at-return. Using a stochastic simulation approach, we 
quantified how common assumptions in run reconstructions biased assessments of biological status based 
on spawner abundance. We found that status assessments were robust to most common assumptions in 
run reconstructions, even in the face of declining monitoring coverage, but that overestimating catch 
tended to increase rates of status misclassification. Our results lend confidence to biological status 
assessments based on spawner abundances and SR analyses, even in the face of incomplete data. 

  

https://cdnsciencepub.com/doi/abs/10.1139/cjfas-2020-0385
https://doi.org/10.1139/cjfas-2019-0432
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Theme 2: Pacific Salmon and Steelhead Trout in a Changing North Pacific Ocean 
 
Anderson, E.D., King, J.R. and Zubkowski, T.B. 2021. Ecosystem-Based Juvenile Pacific Salmon 
(Oncorhynchus spp.) Survey on the North Coast of British Columbia, October 6-16, 2020. Can. 
Data Rep. Fish. Aquat. Sci. 1331: vi + 36 p. http://publications.gc.ca/collections/collection_2021/mpo-
dfo/Fs97-13-1331-eng.pdf 
Fisheries and Oceans Canada conducted an ecosystem-based survey from October 6-16, 2020 on the 
CCGS Sir John Franklin. This study targeted juvenile Pacific Salmon from Queen Charlotte Sound to 
Dixon Entrance. There were 26 species sampled in 1741 kg of catch, with 25% Pacific Salmon caught by 
weight. Overall, Opalescent Inshore Squid (45%) and Moon Jellyfish (26%) were the most abundant 
species by weight. Lengths and weights were recorded for 17 species, including all 5 Pacific Salmon 
species (Oncorhynchus spp.). Juvenile Chum Salmon were the most abundant Pacific Salmon species 
with large catches, particularly in Hecate Strait, and only 2% containing empty stomachs. Pink Salmon 
were the most widespread species, whereas juvenile Sockeye Salmon were localized in northern Dixon 
Entrance. Both juvenile Pink Salmon and Sockeye Salmon were primarily feeding on euphausiids and 
amphipods. Juvenile Coho Salmon were less abundant and were caught in Dixon Entrance and Hecate 
Strait, to a lesser amount. Juvenile Coho Salmon had 47% empty stomachs and the widest variety of prey 
in their stomach contents. Only three Chinook Salmon were caught. The only Chinook Salmon with 
stomach contents contained Squid. Biological samples for genetic stock composition and energy density 
are at the Pacific Biological Station, Fisheries and Oceans Canada (Nanaimo, BC) for laboratory analysis. 
Associated information on the physical oceanography and zooplankton composition was collected from 
21 stations, and will be analysed at the Institute of Ocean Sciences, Fisheries and Oceans Canada (Sidney, 
BC). In addition, gear optimization occurred for the 2022 Pan-Pacific High Seas Expedition. The 
protocols for the offshore LFS 1142 trawl net, MOCNESS (Multiple Opening and Closing Net with 
Environmental Sensing System), oblique zooplankton tows, and CTD rosette deployment using the 
Launch and Recovery System (LARS) were tested. 

Bahri, T., Vasconcellos, M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X., and Sharma, R., eds. 
2021. Adaptive management of fisheries in response to climate change. FAO Fisheries and 
Aquaculture Technical Paper No. 667. Rome, FAO. https://doi.org/10.4060/cb3095en 

This report aims to accelerate climate change adaptation implementation in fisheries management 
throughout the world. It showcases how flexibility can be introduced in the fisheries management cycle in 
order to foster adaptation, strengthen the resilience of fisheries, reduce their vulnerability to climate 
change, and enable managers to respond in a timely manner to the projected changes in the dynamics of 
marine resources and ecosystems. The publication includes a set of good practices for climate-adaptive 
fisheries management that have proven their effectiveness and can be adapted to different contexts, 
providing a range of options for stakeholders including the fishing industry, fishery managers, 
policymakers and others involved in decision-making. These good practices were linked to one or more of 
the three common climate-related impacts on fisheries resources: distributional change; productivity 
change; and species composition change. Therefore, these three impacts can serve as practical entry 
points to guide decision-makers in identifying good practice adaptation measures suitable for their local 
contexts. These good practices are based upon transferable experiences and lessons learned from the 
thirteen case studies across the globe and hopefully will contribute to greater uptake and implementation 
of climate-adaptive fisheries management measures on the ground. 

This report aims to accelerate climate change adaptation implementation in fisheries management 
throughout the world. It showcases how flexibility can be introduced in the fisheries management cycle in 
order to foster adaptation, strengthen the resilience of fisheries, reduce their vulnerability to climate 
change, and enable managers to respond in a timely manner to the projected changes in the dynamics of 
marine resources and ecosystems. The publication includes a set of good practices for climate-adaptive 

http://publications.gc.ca/collections/collection_2021/mpo-dfo/Fs97-13-1331-eng.pdf
http://publications.gc.ca/collections/collection_2021/mpo-dfo/Fs97-13-1331-eng.pdf
https://doi.org/10.4060/cb3095en
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fisheries management that have proven their effectiveness and can be adapted to different contexts, 
providing a range of options for stakeholders including the fishing industry, fishery managers, 
policymakers and others involved in decision-making. These good practices were linked to one or more of 
the three common climate-related impacts on fisheries resources: distributional change; productivity 
change; and species composition change. Therefore, these three impacts can serve as practical entry 
points to guide decision-makers in identifying good practice adaptation measures suitable for their local 
contexts. These good practices are based upon transferable experiences and lessons learned from the 
thirteen case studies across the globe and hopefully will contribute to greater uptake and implementation 
of climate-adaptive fisheries management measures on the ground. 

Connors B.M., Malick M., Ruggerone R., Rand P., Adkison M., Irvine J., Campbell R., and K. 
Gorman. 2020. Climate and competition shape sockeye salmon population dynamics across the 
Northeast Pacific Ocean. Canadian Journal of Fisheries and Aquatic Sciences.77: 943–949. 
https://doi.org/10.1139/cjfas-2019-0422 
Pacific salmon productivity is influenced by ocean conditions and interspecific interactions, yet their 
combined effects are poorly understood. Using data from 47 North American sockeye salmon 
(Oncorhynchus nerka) populations, we present evidence that the magnitude and direction of climate and 
competition effects vary over large spatial scales. In the south, a warm ocean and abundant salmon 
competitors combined to strongly reduce sockeye productivity, whereas in the north, a warm ocean 
substantially increased productivity and offset the negative effects of competition at sea. From 2005 to 
2015, the approximately 82 million adult pink salmon (Oncorhynchus gorbuscha) produced annually 
from hatcheries were estimated to have reduced the productivity of southern sockeye salmon by ∼15%, 
on average. In contrast, for sockeye at the northwestern end of their range, the same level of hatchery 
production was predicted to have reduced the positive effects of a warming ocean by ∼50% (from a 
∼10% to a ∼5% increase in productivity, on average). These findings reveal spatially dependent effects 
of climate and competition on sockeye productivity and highlight the need for international discussions 
about large-scale hatchery production. 

Eliason, E.J., M. Dick, D.A. Patterson, K.A. Robinson, J. Lotto, S.G. Hinch, S.J. Cooke. 2020. Sex-
specific differences in physiological recovery and short-term behaviour following fisheries capture 
in adult sockeye salmon (Oncorhynchus nerka). Canadian Journal of Fisheries and Aquatic 
Sciences. 77: 1749–1757. https://doi.org/10.1139/cjfas-2019-0258 

Numerous laboratory and field studies have found that female Pacific salmon have higher mortality than 
males during their once-in-a-lifetime upriver spawning migration. However, the proximate cause(s) of 
this increased mortality are poorly understood. This study exposed sockeye salmon (Oncorhynchus nerka) 
to a mild capture and tagging stressor and evaluated physiological recovery and movement behaviour at 1 
and 4 h postrelease. Female sockeye salmon did not expend more anaerobic energy in response to the 
stressor but did have higher plasma lactate levels 4 h after the stressor, indicating that females took longer 
to physiologically recover compared with males. In addition, female salmon had lower plasma glucose 
but higher plasma cortisol, plasma K+, and cardiac lactate levels compared with males. Male and female 
salmon had markedly different postrelease behaviours within the first hour of release; males were more 
likely to hold position within the staging area. Two potential mechanisms leading to increased mortality 
in female salmon were identified in this study: (a) prolonged recovery duration (possibly mediated by 
elevated plasma cortisol levels) and (b) insufficient oxygen delivery to the heart. 

Finn, R., L. Chalifour, S.E. Gergel, S.G. Hinch, D.C. Scott and T.G. Martin. 2021. Quantifying lost 
and inaccessible habitat for Pacific salmon in Canada’s Lower Fraser River. Ecosphere. In Press. 
Loss of connectivity caused by anthropogenic barriers is a key threat for migratory freshwater species. 
The anadromous life-history of salmonids means that barriers on streams can decrease the amount of 
habitat available for spawning and rearing. To set appropriate targets for restoration it is important to 

https://doi.org/10.1139/cjfas-2019-0422
https://doi.org/10.1139/cjfas-2019-0258
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know how different populations have been impacted in terms of the location and extent of historically 
available habitat that has been lost or has become inaccessible. Using mapped and predicted barriers to 
fish passage in streams and diking infrastructure, the amount of both floodplain and linear stream habitat 
that remains accessible today was estimated for 14 populations of salmon in the Lower Fraser River, 
British Columbia, Canada’s most productive salmon river. To place these estimates within a historical 
context, the floodplain area was estimated using vegetation records from the 1850’s, and lost streams 
were estimated using a digital elevation model derived stream network. To bolster areas where little 
mapping has been done, current barrier data were used to predict locations likely to have barriers. 
Accessibility to floodplain was poor across the entire region with only 15% of the historical floodplain 
remaining accessible. Linear stream habitat ranged in accessibility from 28–99% across populations based 
on mapped barriers. Inclusion of predicted barriers revealed an additional 33 km of potentially 
inaccessible stream habitat and the modelled stream network located approximately 1,700 km of stream 
length that has been completely lost. Comparing habitat accessibility and barrier density against the 
assessed status of populations, revealed insights useful for understanding the impact of barriers on 
spawning and rearing and guiding the allocation of restoration effort. Applying methods for addressing 
missing data, such as lost streams and unmapped barriers, was essential for estimating the accessibility of 
habitat within a historical context. While much emphasis has been placed on the role of marine conditions 
in wild Pacific salmon recovery, the magnitude of habitat loss in the Fraser cannot be ignored and 
suggests it is a major driver of observed salmon declines. 

Furey, N.B, A.L. Bass, K.M. Miller, S. Li, A.G. Lotto, S.J. Healy, S.M. Drenner, and S.G. Hinch. 
2021. Infected juvenile salmon experience increased predation risk during freshwater migration. 
Royal Society Open Science 8: 201522. https://doi.org/10.1098/rsos.201522 
Predation risk for animal migrants can be impacted by physical condition. Although size- or condition-
based selection is often observed, observing infection-based predation is rare due to the difficulties in 
assessing infectious agents in predated samples. We examined predation of outmigrating sockeye salmon 
(Oncorhynchus nerka) smolts by bull trout (Salvelinus confluentus) in southcentral British Columbia, 
Canada. We used a high-throughput quantitative polymerase chain reaction (qPCR) platform to screen for 
the presence of 17 infectious agents found in salmon and assess 14 host genes associated with viral 
responses. In one (2014) of the 2 years assessed (2014 and 2015), the presence of infectious 
haematopoietic necrosis virus (IHNv) resulted in 16–25 times greater chance of predation; in 2015 IHNv 
was absent among all samples, predated or not. Thus, we provide further evidence that infection can 
impact predation risk in migrants. Some smolts with high IHNv loads also exhibited gene expression 
profiles consistent with a virus-induced disease state. Nine other infectious agents were observed between 
the 2 years, none of which were associated with increased selection by bull trout. In 2014, richness of 
infectious agents was also associated with greater predation risk. This is a rare demonstration of predator 
consumption resulting in selection for prey that carry infectious agents. The mechanism by which this 
selection occurs is not yet determined. By culling infectious agents from migrant populations, fish 
predators could provide an ecological benefit to prey. 

Grant, S.C.H., Nener, J., MacDonald, B.L., Boldt, J.L., King, J. Patterson, D.A., Robinson, K.A., 
Wheeler, S.  2021.  Chapter 16. Canadian Fraser River sockeye salmon: a case study 259 in Bahri, 
T., Vasconcellos, M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X. & Sharma, R., (eds.) Adaptive 
management of fisheries in response to climate change. FAO Fisheries and Aquaculture Technical 
Paper No. 667. Rome, FAO. http://www.fao.org/documents/card/en/c/cb3095en 

The Fraser River in Western Canada historically supported among the largest numbers of Sockeye salmon 
(Oncorhynchus nerka) in the world. In recent decades, however, survival and numbers of this iconic 
group have been exhibiting concerning declines, and fisheries have been restricted. The poor status of 
many of these CUs are linked to large climate and habitat-related changes in both ecosystems. Fraser 
River temperatures increasingly exceed upper thermal limits of salmon in summer months, and the 

https://doi.org/10.1098/rsos.201522
http://www.fao.org/documents/card/en/c/cb3095en
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frequency of droughts and extreme rain events has increased. These climate effects have been exacerbated 
by large amounts of deforestation occurring in the Fraser River watershed. In the Northeast Pacific 
Ocean, unprecedented marine heatwaves occurred intermittently from late 2013 to 2020. The base of the 
salmon marine food web shifted during this period to higher proportions of smaller southern zooplankton 
species, considered poorer quality food for salmon. Many new approaches have been applied to model 
Fraser Sockeye population dynamics, to account for their rapidly declining productivities and are used in 
fisheries management processes. However, in-season management is increasingly uncertain with 
changing conditions and low numbers of many CUs in mixed stock fisheries. Future salmon fisheries will 
look quite different from the past due to climate change and habitat deterioration. As fisheries shift, 
greater adaptability will be required in the allocation of science and management resources, guided by our 
current understanding of salmon trends and habitat requirements. More precautionary approaches to 
management are also recommended in light of these changes.  

MacDonald, B.L., Grant, S.C.H., Wilson, N., Patterson, D.A., Robinson, K.A., Boldt, J.L., King, J. 
Anderson, E., Decker, S., Leaf, B., Pon, L., Xu, Y., Davis, B., and D.T. Selbie.  2020.  State of the 
Salmon: Informing the survival of Fraser Sockeye returning in 2020 through life cycle 
observations: https://waves-vagues.dfo-mpo.gc.ca/Library/4088546x.pdf 

Participants of the 2020 Fraser Sockeye Science Integration workshop concluded that four year old Fraser 
Sockeye returning in 2020 will continue to exhibit below average survival. Specifically, four year old 
returns are predicted to fall below the 50% probability level of the 2020 Fraser Sockeye quantitative 
forecast of 638,000 four year olds, excluding Harrison. While responses differ across populations, overall 
survival of Fraser Sockeye will likely be below average. Workshop participants compiled and integrated 
environmental and biological observations spanning the life cycle of four year old Fraser Sockeye 
returning in 2020. This report presents these observations, and their predicted implications for survival. 
Conditions observed over most of the life cycle of the four year old 2020 returns were similar to those 
experienced by Fraser Sockeye returns since 2017. These cohorts all exhibited below average survival, 
including the lowest on record, observed in 2019. The 2020 prediction of below average survival is 
consistent with recent salmon and associated ecosystem observations, and poor returns. The goals of the 
annual Fraser Sockeye Science Integration workshop are to provide advice on survival of Fraser Sockeye 
populations in the upcoming return year, and improve our understanding of factors influencing survival. 
This is particularly important as climate change and other factors have influenced decade long declines 
across most of these populations. Understanding how salmon respond to current and future changes is 
important to the development of habitat restoration, hatchery, and science programs that are aligned to 
future salmon survival. 

Grant, S.C.H, J. R. Irvine, T. Beacham, C. Freshwater, C. Holt, S.G. Hinch, A.M. Huang, B. Hunt, 
J. Pendray, J. Reynolds, and L.A. Vélez-Espino. 2020. Canadian bibliography of recent 
publications linked to the 2016–2020 NPAFC Science Plan. NPAFC Doc. 1910. 19 pp. (Available at 
https://npafc.org) 

Irvine, J. R., T. Beacham, C. Freshwater, S.C.H. Grant, S.G. Hinch, C. Holt, B.P.V. Hunt, B. 
Johnson, M. MacDuffee, V. Minke-Martin, J. Pendray, and J. Reynolds. 2020. 2020 update on 
Canadian research relevant to the 2016–2020 NPAFC Science Plan. NPAFC Doc. 1912. 14 pp. 
(Available at https://npafc.org) 
Little, A.G., Hardison, E., Kraskura, K., Dressler, T., Prystay, T.S., Hendriks, B., Pruitt, J.N., 
Farrell, A.P., Cooke, S.J., Patterson, D.A., Hinch, S.G., and Eliason, E.J. 2020. Reduced glycolytic 
capacity of the heart and suppressed sex hormone levels are associated with female-biased 
mortality during thermal stress in Pacific salmon.  Journal of Experimental Biology, 223, 
jeb214841. doi:10.1242/jeb.214841 

https://waves-vagues.dfo-mpo.gc.ca/Library/4088546x.pdf
https://npafc.org/
https://npafc.org/
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Female-biased mortality has been repeatedly reported in Pacific salmon during their upriver migration in 
both field studies and laboratory holding experiments, especially in the presence of multiple 
environmental stressors, including thermal stress. Here, we used coho salmon (Oncorhynchus kisutch) to 
test whether females exposed to elevated water temperatures (18°C) (i) suppress circulating sex hormones 
(testosterone, 11-ketotestosterone and estradiol), owing to elevated cortisol levels, (ii) have higher 
activities of enzymes supporting anaerobic metabolism (e.g., lactate dehydrogenase, LDH), (iii) have 
lower activities of enzymes driving oxidative metabolism (e.g., citrate synthase, CS) in skeletal and 
cardiac muscle, and (iv) have more oxidative stress damage and reduced capacity for antioxidant defense 
[lower catalase (CAT) activity]. We found no evidence that a higher susceptibility to oxidative stress 
contributes to female-biased mortality at warm temperatures. We did, however, find that females had 
significantly lower cardiac LDH and that 18°C significantly reduced plasma levels of testosterone and 
estradiol, especially in females. We also found that relative gonad size was significantly lower in the 
18°C treatment regardless of sex, whereas relative liver size was significantly lower in females held at 
18°C. Further, relative spleen size was significantly elevated in the 18°C treatments across both sexes, 
with larger warm-induced increases in females. Our results suggest that males may better tolerate bouts of 
cardiac hypoxia at high temperature, and that thermal stress may also disrupt testosterone- and estradiol-
mediated protein catabolism, and the immune response (larger spleens), in migratory female salmon. 

Quinn, Thomas P., George R. Pess, Ben J. G. Sutherland, Samuel J. Brenkman, Ruth E. Withler, 
Kelsey Flynn, and Terry D. Beacham.  2021.  Resumption of anadromy or colonization from afar? 
Sources of sockeye salmon (Oncorhynchus nerka) in the Elwha River after dam removal.  
Transactions of the American Fisheries Society. In Press. 

When barriers to migration are removed, anadromous fishes from other rivers may colonize accessible 
habitat, or landlocked forms of the species may resume anadromy if conditions allow. For example, two 
large hydroelectric dams on the Elwha River, in Washington, USA, were removed, between 2011 and 
2014, to restore Pacific salmon populations after a century of isolation. Immediately prior to and 
following dam removal (2010–2017), upstream migrating adult Sockeye Salmon, Oncorhynchus nerka 
were sampled, and DNA was extracted and compared to samples from the local Lake Sutherland 
population (above the lower dam’s former location) and a coast-wide genetic baseline to determine each 
salmon’s probable origin. Genetic analysis indicated that none of the 45 Sockeye Salmon sampled had 
originated from the local population or other populations nearby in the genetic baseline, and only a single 
fish originated from the abundant and proximate Fraser River populations. The strays reflected two 
different sources and processes: 22 were from the west coast of Vancouver Island (all in 2015, when these 
populations were very abundant and encountered conditions unfavorable for upstream migration in their 
natal system). Another 22 assigned to more northerly populations, mostly to riverine populations from the 
Stikine River. Test fishery samples collected in the Strait of Juan de Fuca contained very few fish with 
assignments similar to these northern rivers. It is not clear whether these individuals originated from the 
distant riverine populations, or from a closer population not in the baseline that resembles them 
genetically. Taken together, the findings indicate that the genetic composition of any future population in 
the Elwha River may reflect signatures from diverse sources, and subsequent selection in the new habitat. 

Rougemont, Q., Jean-Sébastien Moore, Thibault Leroy, Eric Normandeau, Eric B. Rondeau, Ruth 
E. Withler, Don VanDoornik, Penelope A. Crane, Kerry Naish, Jon Carlos Garza, Terry D. Beacham, 
Ben F. Koop, and Louis Bernatchez.  2020.  Demographic history, linked selection, and recombination 
shape the genomic landscape of a broadly distributed Pacific salmon.  PLoS Genetics 16(8): e1008348 
A thorough reconstruction of historical processes is essential for a comprehensive understanding the 
mechanisms shaping patterns of genetic diversity. Indeed, past and current conditions influencing 
effective population size have important evolutionary implications for the efficacy of selection, increased 
accumulation of deleterious mutations, and loss of adaptive potential. Here, we gather extensive genome-
wide data that represent the extant diversity of the Coho salmon (Oncorhynchus kisutch) to address two 



8 
 

objectives. We demonstrate that a single glacial refugium is the source of most of the present-day genetic 
diversity, with detectable inputs from a putative secondary micro-refugium. We found statistical support 
for a scenario whereby ancestral populations located south of the ice sheets expanded in postglacial time, 
swamping out most of the diversity from other putative micro-refugia. Demographic inferences revealed 
that genetic diversity was also affected by linked selection in large parts of the genome. Moreover, we 
demonstrate that the recent demographic history of this species generated regional differences in the load 
of deleterious mutations among populations, a finding that mirrors recent results from human populations 
and provides increased support for models of expansion load. We propose that insights from these 
historical inferences should be better integrated in conservation planning of wild organisms, which 
currently focuses largely on neutral genetic diversity and local adaptation, with the role of potentially 
maladaptive variation being generally ignored. 

 
Theme 3: New Technologies 
 
Bass, A.L., Stevenson, C.F., Porter, A.D., Rechisky, E.L., Furey, N.B., Healy, S.J., Kanigan, A.K., 
Lotto, A.G., Welch, D.W., and Hinch, S.G. 2020. In situ experimental evaluation of tag burden and 
gill biopsy reveals survival impacts on migrating juvenile sockeye salmon. Canadian Journal of 
Fisheries and Aquatic Sciences. 77: 1865–1869. 
 
Although telemetry is commonly used to study fishes, researchers rarely design experiments that facilitate 
in situ quantification of tagging-related impacts to survival. We experimentally applied high (mean 
burden = 9.6%) and low (2.6%) acoustic tag burdens and gill clip biopsies to migrating juvenile sockeye 
salmon (Oncorhynchus nerka). Mortality from release to the last marine receiver array was 1.51 times 
greater for the high tag burden group (25% surviving) compared with the low burden group (40% 
surviving). A biopsy effect was limited to the first migration segment (14 km), where mortality was 1.86 
times greater for biopsied fish. These results demonstrate the importance of quantifying biopsy and 
tagging effects when survival estimates are prioritized. 
 
Beacham, Terry D.  2021. Parentage-based tagging combined with genetic stock identification is a 
cost-effective and viable replacement for coded-wire tagging in large-scale assessments of Canadian 
salmon fisheries.  Fisheries Research. In Press. 
I present responses to arguments offered by coded-wire tag (CWT) proponents supposedly limiting the 
effectiveness of a genetic stock identification (GSI) and parentage-based tagging (PBT) fisheries 
assessment method. I demonstrate that a GSI-PBT-based assessment method is cheaper, more powerful, 
and more informative than traditional CWTs. Implementation of a GSI-PBT for Canadian fisheries 
assessment can provide information at least equivalent to that derived from the current CWT assessment 
program. Adoption of a GSI-PBT assessment program will facilitate mass-marking of Chinook salmon 
(Oncorhynchus tshawytscha) in British Columbia, has allowed for genetic tagging during the COVID 
pandemic while few Chinook salmon juveniles were marked with CWTs, has allowed for tagging of 
approximately six times more juveniles than traditionally tagged with CWTs, and at an estimated cost of 
23% of that associated with tagging with CWTs. GSI and PBT provide an alternate, cheaper, and more 
effective method in the assessment and management of Canadian-origin salmon relative to CWTs, and an 
opportunity for a genetic-based system to replace the current CWT system for salmon assessment. The 
time has arrived for agencies managing Pacific salmon fisheries to prepare for a transition from CWTs to 
a genetics-based fisheries assessment program. 

Beacham Terry D., Colin G. Wallace, Kim Jonsen, Brenda McIntosh, John R. Candy, Katherine 
Horst, Cheryl Lynch, David Willis, Wilf Luedke, Lee Keary, and Eric B. Rondeau.  2021.  
Parentage-based tagging combined with genetic stock identification is a cost-effective and viable 
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replacement for coded-wire tagging in large-scale assessments of marine Chinook salmon fisheries 
in British Columbia, Canada.  Evolutionary Applications. In Press. 
Wild Pacific salmon, including Chinook salmon Oncorhynchus tshawytscha, have been supplemented 
with hatchery propagation for over 50 years in support of increased ocean harvest, mitigation for 
hydroelectric development, and conservation of threatened populations. In Canada, the Wild Salmon 
Policy for Pacific salmon was established with the goal of maintaining and restoring healthy and diverse 
Pacific salmon populations, making conservation of wild salmon and their habitats the highest priority for 
resource management decision-making. For policy implementation, a new approach to the assessment and 
management of Chinook salmon, and the associated hatchery production and fisheries management is 
needed. Implementation of genetic stock identification (GSI) and parentage-based tagging (PBT) for 
marine fisheries assessment may overcome problems associated with coded-wire tag-based (CWT) 
assessment and management of Chinook salmon fisheries, providing at a minimum information 
equivalent to that derived from the CWT program.  GSI and PBT were used to identify Chinook salmon 
sampled in 2018 and 2019 marine fisheries (18,819 individuals genotyped) in British Columbia to 
specific conservation units (CU), populations, and broodyears. Individuals were genotyped at 391 single 
nucleotide polymorphisms (SNPs) via direct sequencing of amplicons. Very high accuracy of assignment 
to population and age (> 99.5%) via PBT was observed for 1,994 Chinook salmon of ages 2–4 years, with 
a 105,722–individual, 380–population baseline available for assignment. Application of a GSI-PBT 
system of identification to individuals in 2019 fisheries provided high-resolution estimates of stock 
composition, catch, and exploitation rate by CU or population, with fishery exploitation rates directly 
comparable to those provided by CWTs for 13 populations. GSI and PBT provide an alternate, cheaper, 
and more effective method in the assessment and management of Canadian-origin Chinook salmon 
relative to CWTs, and an opportunity for a genetic-based system to replace the current CWT system for 
salmon assessment.   

Beacham, Terry D., Kim Jonsen, Brenda McIntosh, Ben J. G. Sutherland, David Willis, Cheryl 
Lynch, and Colin Wallace.  2020.  Large-scale parentage-based tagging and genetic stock 
identification applied in assessing mixed-stock fisheries and hatchery broodstocks for coho salmon 
in British Columbia, Canada.  Canadian Journal of Fisheries and Aquatic Sciences 77: 1505–1517. 
Direct DNA sequencing is powering a revolution in the application of genetics to resource management, 
with parentage-based tagging (PBT) increasingly applied to salmon fisheries and hatchery broodstock 
management and assessment. Genetic stock identification (GSI) and PBT were applied to assessment of 
2018 coho salmon fisheries and hatchery broodstocks in British Columbia (BC), Canada, with 6,391 
individuals successfully genotyped in fishery samples and 7,805 individuals genotyped in 40 hatchery 
broodstocks. Population-specific contributions to mixed-stock fisheries and exploitation rates were 
estimated with coded-wire tags (CWTs) and GSI-PBT technologies for six populations. PBT assignments, 
verified by CWTs, were 100% accurate for 308 individuals with respect to population of origin and age. 
There was generally reasonably close agreement of estimated population-specific exploitation rates 
between CWT and genetic methods. We conclude that a genetic approach can improve upon the results 
available from the current CWT program for assessment and management of coho salmon fisheries and 
hatchery broodstocks in BC, and provide information critical to aid in implementation of Canada’s Policy 
for Conservation of Wild Pacific Salmon. 

Beacham, T.D., Colin Wallace, Kim Jonsen, Brenda McIntosh, John R. Candy, Jean-Sébastien Moore, 
Louis Bernatchez, and Ruth E. Withler.  2020.  Accurate estimation of Conservation Unit contribution to 
coho salmon mixed-stock fisheries in British Columbia, Canada using direct DNA sequencing for single 
nucleotide polymorphisms.  Canadian Journal of Fisheries and Aquatic Sciences 77: 1302–1315. 

Determination of population structure and stock identification is a ubiquitous problem in fisheries assessment and 
management. Pacific salmon fishery management regimes are evolving to require higher resolution of stock 
composition on increasingly smaller reporting units. For coho salmon (Oncorhynchus kisutch), a stock 
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identification baseline comprised of some 57,982 individuals from 332 populations ranging from southeast Russia 
to California was employed for genetic stock identification (GSI). GSI analysis based upon variation at up to 480 
single nucleotide polymorphisms (SNPs) was demonstrated to provide accurate estimates of stock composition for 
37 Conservation Units (CU) in British Columbia, 13 reporting groups in the United States, and one reporting 
group in Russia. In many instances, accurate population-specific estimates of stock composition within a CU were 
possible in fishery samples, as well as identifying individuals to some specific populations. A genetics-based 
assessment system provides an opportunity for conservation-based management of Canadian coho salmon.  

Beacham, T.D., and C.G. Wallace.  2020.  Salmon species identification via direct DNA sequencing 
of single amplicons.  Conservation Genetics Resources 12: 285–291.  https://doi.org/10.1007/s12686-
019-01102-1 

For Pacific salmonids, a key fisheries forensics and management goal is to identify individuals to specific 
species and potentially specific populations or geographic regions within species. Genetic variation can be 
used for both species and individual identification, and variation at single nucleotide polymorphisms 
(SNPs) within two specific DNA amplicons was used to distinguish among coho salmon (Oncorhynchus 
kisutch), Chinook salmon (O. tshawytscha), sockeye salmon (O. nerka), chum salmon (O. keta), pink 
salmon (O. gorbuscha), masu salmon (O. masou), steelhead/rainbow trout (O. mykiss), cutthroat trout (O. 
clarkii), and Atlantic salmon (Salmo salar). A total of 2,510 individuals was evaluated from a Pacific rim 
distribution of populations for sockeye salmon, chum salmon, and pink salmon, whereas masu salmon 
samples were genotyped only from Japanese populations. Coho salmon, Chinook salmon, steehead trout, 
cutthroat trout, and Atlantic salmon samples were genotyped only from North American populations. All 
individual salmonids genotyped were assigned with 100% accuracy to their respective species via 
diagnostic homozygous SNP genotypes for each species except for cutthroat trout, where no diagnostic 
SNP genotypes were observed in the two amplicons evaluated. 

Christensen, K. A., Eric B. Rondeau, David R. Minkley, Dionne Sakhrani, Carlo A. Biagi, Anne-
Marie Flores, Ruth E. Withler, Scott A. Pavey, Terry D. Beacham, Theresa Godin, Eric B. Taylor, 
Michael A. Russello, Robert H. Devlin, and Ben F. Koop.  2020.  The sockeye salmon genome, 
transcriptome, and analyses identifying population defining regions of the genome and sex 
chromosomes.  PLoS ONE 15(10): e0240935. https://doi.org/10.1371/journal.pone.0240935 
The sockeye salmon (Oncorhynchus nerka) is a commercially and culturally important species to the 
peoples along the northern Pacific Ocean coastline. This species has one of the most complex and 
fascinating life histories of any of the Pacific salmon or salmonids. Repeatedly, a resident form of 
sockeye salmon known as kokanee has evolved from the ocean-going (anadromous) ecotype since the 
Last Glacial Maximum. In this study, we sequenced and assembled the first reference sockeye salmon 
genome and generated an RNA-seq transcriptome dataset to better annotate the assembly. Whole genome 
resequencing of 140 sockeye salmon and kokanee was performed to identify population structure of this 
species and identify regions of the genome that underlie this structure. Three distinct groups were 
identified from the individuals in this study. An immunoglobin heavy chain variable gene cluster on 
chromosome 26 was an informative locus that differentiated the samples from the northwestern region of 
the sampling area from those to the south. Several candidate genes were also identified that differentiated 
or were associated with the kokanee ecotype. Most of these genes were related to immune function or 
vision. Finally, the sex chromosomes of this species were better characterized and an alternative sex-
determination mechanism was identified in a subset of upper Columbia River kokanee. 

Dick, M., D.A. Patterson, K.A. Robinson, E.J. Eliason, S.G. Hinch, and S.J. Cooke.  2020.  Adult 
sockeye salmon gastrically-tagged near spawning grounds exhibit lower survival rates throughout 
the spawning period than externally-tagged conspecifics. North American Journal of Fisheries 
Management. 40 (4): 939–951. 

https://doi.org/10.1007/s12686-019-01102-1
https://doi.org/10.1007/s12686-019-01102-1
https://doi.org/10.1371/journal.pone.0240935
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Telemetry is a common tool for studying the behavior and fate of migrating adult Pacific salmon 
Oncorhynchus spp., yet few field studies have compared behavior and fate associated with different 
tagging techniques. In this study, adult Harrison River (British Columbia) Sockeye Salmon O. nerka were 
captured in their natal river near spawning areas, radio‐tagged by gastric insertion or external attachment 
in the dorsum, and released. Tagging occurred on 5 d spread over 3–8 weeks prior to spawning, thus 
encompassing fish in varying stages of maturity and freshwater residency. Tagged individuals were 
monitored over the spawning season by using fixed receiver stations and mobile tracking. The probability 
of fish moving upstream or downstream of the tagging site within 35 h of tagging was a function of 
tagging date but not tag type. Tag type significantly influenced fate, with almost twice as many externally 
tagged fish (41.6%; 42 of 101) surviving to reach spawning areas compared to gastrically tagged fish 
(22.4%; 21 of 94). The number of active externally tagged fish in the Harrison River system was 
consistently greater than the number of active gastrically tagged fish that received tags on the same date 
for four of the five tagging dates. External tag attachment may be a better approach than gastric insertion 
for studies that tag adult salmon near or on spawning areas. 

Furey, N.B., E. Martins, S.G. Hinch.  2021.  Migratory salmon smolts exhibit consistent interannual 
depensatory predator swamping: effects on telemetry-based survival estimates. Ecology of 
Freshwater Fish. 30:18–30. 

Migrations of juvenile salmon smolts are generally high-risk, with predation often implicated in reduced 
survival. In theory, smolts can maximize survival via depensation, or synchronizing movements to swamp 
predators. Depensation, however, is difficult to assess in the wild. Accounting for depensation could also 
generate more realistic telemetry-based survival estimates for management. Here, we assess six years 
(2010–2014, 2016) of acoustic telemetry and outmigration density data for sockeye salmon 
(Oncorhynchus nerka) from Chilko Lake, British Columbia, Canada. Previously, depensation for this 
population was assessed for a single year, but interannual consistency is not known. We found evidence 
of depensation in each year, although its strength varied. In addition, by integrating depensation with 
outmigration densities, annual population-level survival estimates in this initial (14-km) migratory 
segment increased by 0.02–0.24 relative to previously published estimates. However, when extending 
these survival rates from the first 14 km through the entire tracked migration (1,044 km), increases in 
estimates were small (~0.01). Potential conservation and management applications of depensation include 
implications for recovering imperiled populations and informing hatchery release strategies. 
 
Shea D., A. Bateman, S. Li, A. Tabata, A. Schulze, L. Ogsten, J. P. Volpe, L. N. Frazer, B.M. 
Connors, K. M. Miller, S. Short, M. Krkosek. 2020. Environmental DNA from multiple pathogens 
is elevated near active Atlantic salmon farms. Proceedings of the Royal Society B. 287: 
20202010. https://doi.org/10.1098/rspb.2020.2010 
The spread of infection from reservoir host populations is a key mechanism for disease emergence and 
extinction risk and is a management concern for salmon aquaculture and fisheries. Using a quantitative 
environmental DNA methodology, we assessed pathogen environmental DNA in relation to salmon farms 
in coastal British Columbia, Canada, by testing for 39 species of salmon pathogens (viral, bacterial, and 
eukaryotic) in 134 marine environmental samples at 58 salmon farm sites (both active and inactive) over 
3 years. Environmental DNA from 22 pathogen species was detected 496 times and species varied in their 
occurrence among years and sites, likely reflecting variation in environmental factors, other native host 
species, and strength of association with domesticated Atlantic salmon. Overall, we found that the 
probability of detecting pathogen environmental DNA (eDNA) was 2.72 (95% CI: 1.48, 5.02) times 
higher at active versus inactive salmon farm sites and 1.76 (95% CI: 1.28, 2.42) times higher per standard 
deviation increase in domesticated Atlantic salmon eDNA concentration at a site. If the distribution of 
pathogen eDNA accurately reflects the distribution of viable pathogens, our findings suggest that salmon 
farms serve as a potential reservoir for a number of infectious agents; thereby elevating the risk of 
exposure for wild salmon and other fish species that share the marine environment. 

https://doi.org/10.1098/rspb.2020.2010
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Staton B., Catalano M., Connors B.M., Coggins L., Jones M., Walters C., Fleischman S. and D. 
Gwinn.  2020.  Evaluation of methods for quantifying population diversity in mixed- stock Pacific 
salmon fisheries. Canadian Journal of Fisheries and Aquatic Sciences. 77: 1149–
1162. https://doi.org/10.1139/cjfas-2019-0281 
Salmon populations harvested in mixed-stock fisheries can exhibit genotypic, behavioral, and life history 
diversity that can lead to heterogeneity in population productivity and size. Methods to quantify this 
heterogeneity among populations in mixed-stock fisheries are not well-established but are critical to 
assessing harvest–biodiversity trade-offs when setting harvest policies. We developed an integrated, age-
structured, state-space model that allows for more complete use of available data and sharing of 
information than simpler methods. We compared a suite of state-space models of varying structural 
complexity to simpler regression-based approaches and, as an example case, fitted them to data from 13 
Chinook salmon (Oncorhynchus tshawytscha) populations in the Kuskokwim drainage in western Alaska. 
We found biological and policy conclusions were largely consistent among state-space models but 
differed strongly from regression-based approaches. Simulation trials illustrated our state-space models 
were largely unbiased with respect to spawner–recruit parameters, abundance states, and derived 
biological reference points, whereas the regression-based approaches showed substantial bias. These 
findings suggest our state-space model shows promise for informing harvest policy evaluations of 
harvest–biodiversity trade-offs in mixed-stock salmon fisheries. 

Theme 4: Management Systems 
 
Bett, N.B., S.G. Hinch, A.L. Bass, D.C. Braun, N.J. Burnett, M.T. Casselman, S.J. Cooke, S.M. 
Drenner, A. Gelchu, W.L. Harrower, R. Ledoux, A.G. Lotto, C.T. Middleton, V. Minke-Martin, 
D.A. Patterson, W. Zhang, and D.Z. Zhu.  2020.  Using an Integrative Research Approach to 
Improve Fish Migrations in Regulated Rivers: A Case Study on Pacific Salmon in the Fraser River, 
Canada. Hydrobiologia. doi: 10.1007/s10750-020-04371-2 
Many of the world’s rivers are dammed, altering the physiology, behaviour, ecology and survival of fish. 
Integrative research has the potential to improve our understanding of these impacts and could enable 
environmental managers to develop effective solutions for population conservation. Such approaches, 
however, are not yet prevalent. We use a case study on Pacific salmon (Oncorhynchus spp.) in British 
Columbia, Canada, to demonstrate how regulated rivers may be used as experimental systems, allowing 
for applied research that can advance our understanding of the biology of migratory fish as well as our 
ability to manage them. Through the integration of multiple research approaches (i.e., biotelemetry, 
behavioural tests, physiological and molecular analyses, and hydraulic monitoring), we characterized the 
effects of natal water dilution and dam flow releases on upstream navigation, passage success and post-
passage survival of returning adult salmon. Our findings confirmed previously established operational 
guidelines for natal water dilution and informed the adoption of new operational conditions for dam flow 
releases, providing an example of the successful application of integrative research to the management of 
a fisheries resource in a regulated river. We encourage researchers to consider using an experimental 
approach that integrates multiple research disciplines to inform science-based management action. 

Connors B.M., Staton B., Coggins L., Walters C., Jones M., Gwinn D., Catalano M. and S. 
Fleischman. 2020. Incorporating harvest—population diversity trade-offs into harvest policy 
analyses of salmon management in large river basins. Canadian Journal of Fisheries and Aquatic 
Sciences. 77: 1076–1089. https://doi.org/10.1139/cjfas-2019-0282 
Accounting for population diversity can be critical to the sustainable management of mixed-stock 
fisheries because harvest rates that can be sustained by productive populations may come at the cost of 
overfishing less productive ones. While these harvest–diversity trade-offs are well-recognized, their 
consequences for harvest policy performance are not often explicitly evaluated in contemporary fisheries 
management. We use closed-loop simulations to evaluate the ability of alternative harvest policies to meet 

https://doi.org/10.1139/cjfas-2019-0281
https://doi.org/10.1139/cjfas-2019-0282
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population diversity and fishery objectives for one of the largest subsistence Chinook salmon 
(Oncorhynchus tshawytscha) fisheries in the world (Kuskokwim River Basin in western Alaska). We 
found clear evidence of population diversity that resulted in asymmetric trade-offs among fishery and 
conservation objectives whereby policies that forgo relatively small amounts of harvest result in relatively 
large increases in equitable access to Chinook and elimination of risk of weak stock extirpation. The 
performance of alternative harvest policies, and the magnitude of trade-offs, were sensitive to regime 
shifts and uncertainty in the drivers of recruitment variation. However, we found that harvest policies that 
prioritized meeting minimum subsistence needs were unlikely to jeopardize long-term sustainability. 

Cooke, S.J., V.M. Nguyen, J.M. Chapman, A.J. Reid, S.J. Landsman, N. Young, S.G. Hinch, S. 
Schott, N. Mandrak, and C.A.D. Semeniuk.  2021.  Knowledge co-production: A pathway to 
effective fisheries management, conservation, and governance.  Fisheries.  46: 89–97. 
Although it is assumed that the outcomes from scientific research inform management and policy, the so‐
called knowledge–action gap (i.e., the disconnect between scientific knowledge and its application) is a 
recognition that there are many reasons why new knowledge is not always embraced by knowledge users. 
The concept of knowledge co‐production has gained popularity within the environmental and 
conservation research communities as a mechanism of bridging the gap between knowledge and action, 
but has yet to be fully embraced in fisheries research. Here we describe what co‐production is, outline its 
benefits (relative to other approaches to research) and challenges, and provide practical guidance on how 
to embrace and enact knowledge co‐production within fisheries research. Because co‐production is an 
iterative and context‐dependent process, there is no single way to do it, but there are best practices that 
can facilitate the generation of actionable research through respectful and inclusive partnerships. We 
present several brief case studies where we describe examples of where co‐production has worked in 
practice and the benefits it has accrued. As more members of the fisheries science and management 
community effectively engage in co‐production, it will be important to reflect on the processes and share 
lessons with others. We submit that co‐production has manifold benefits for applied science and should 
lead to meaningful improvements in fisheries management, conservation, and governance. 

Holt, C.A., Freshwater, C., Holt, K., and Huang, A.-M. 2020. A quantitative tool for evaluating 
rebuilding plans for Pacific salmon. Can. Tech. Rep. Fish. Aquat. Sci. nnn: v + 26 p. 
(http://publications.gc.ca/collections/collection_2020/mpo-dfo/Fs97-6-3402-eng.pdf) 

Rebuilding plans are required for depleted stocks under the Fish Stock Provisions of Canada’s 
revised Fisheries Act (2019) and DFO’s Sustainable Fisheries Framework (2009). The overall 
goal of this project was to create a tool for developing and evaluating the harvest component of 
rebuilding plans for Pacific salmon, which evaluates trade-offs between conservation objectives and other 
fisheries management objectives. This rebuilding tool, called samSim can be used to explore performance 
of candidate rebuilding harvest strategies in the context of multiple mixed-stock fisheries and 
environmental forcing of population dynamics that may impact productivity and confound recovery 
efforts. samSim was scoped to focus on harvest actions before more detailed strategies that integrate 
multiple management interventions (e.g., habitat and hatcheries) can be developed to support rebuilding. 
The outcomes from this project are intended to form a possible first step towards an integrated rebuilding 
plan that includes First Nations and stakeholders. In this first phase, we applied the samSim to two case 
studies: Fraser Rivers sockeye salmon, a data-rich example, and Nass River chum salmon, which was 
relatively data limited. samSim can be expanded in future phases within a broader simulation framework 
and context of multiple stressors. The tool, samSim, is freely accessible and documented in a public 
repository online. 
 
Kehoe, L.J., J. Lund, L. Chalifour, Y. Asadian, E. Balke, S. Boyd, D. Carlson, J. M. Casey, B. 
Connors, N. Cryer, M. C. Drever, S.G. Hinch, C. Levings, M. MacDuffee, H. McGregor, J. 
Richardson, D.C. Scott, D. Stewart, R. G. Vennesland, C. E. Wilkinson, P. Zevit, J. K. Baum, T. G. 
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Martin. 2020. Conservation in heavily urbanized biodiverse regions requires urgent management 
action and attention to governance. Conservation Science and Practice, DOI: 10.1111/csp2.310 
Throughout history, humans have settled in areas of high biodiversity. Today these areas are home to our 
biggest urban centers with biodiversity at increasing risk from escalating cumulative threats. Identifying 
the management strategies to conserve species within such regions, and ensuring effective governance to 
oversee their implementation, presents enormous challenges. Using a novel Priority Threat Management 
(PTM) approach that calculates the cost effectiveness of conservation action and co-governance, we 
discover that the 102 species at risk of local extinction within Canada's most diverse, heavily urbanized 
coastal region, the Fraser River estuary, require urgent investment in management strategies costing an 
estimated CAD$381 M over 25 years. Our study also suggests that co-governance underpins conservation 
success in urban areas, by increasing the feasibility of management strategies. This study underscores that 
biodiversity conservation in heavily urbanized areas is not a lost cause but does require strategic planning, 
attention to governance, and large-scale investment. 
 
Peacock, S. J., E. Hertz, C. A. Holt, B. Connors, C. Freshwater and K. Connors.  2020.  Evaluating 
the consequences of common assumptions in run reconstructions on Pacific salmon biological status 
assessments. Canadian Journal of Fisheries and Aquatic Sciences 77(12): 1904–1920. 
https://doi.org/10.1139/cjfas-2019-0432 

Information on biological status is essential for designing, implementing, and evaluating management 
strategies and recovery plans for threatened or exploited species. However, the data required to quantify 
status are often limited, and it is important to understand how assessments of status may be biased by 
assumptions in data analysis. For Pacific salmon, biological status assessments based on spawner 
abundances and spawner–recruitment (SR) analyses often involve “run reconstructions” that impute 
missing spawner data, expand observed spawner abundance to account for unmonitored streams, assign 
catch to individual stocks, and quantify age-at-return. Using a stochastic simulation approach, we 
quantified how common assumptions in run reconstructions biased assessments of biological status based 
on spawner abundance. We found that status assessments were robust to most common assumptions in 
run reconstructions, even in the face of declining monitoring coverage, but that overestimating catch 
tended to increase rates of status misclassification. Our results lend confidence to biological status 
assessments based on spawner abundances and SR analyses, even in the face of incomplete data. 

Reid A, Eckert L, Young N, Lane J, Hinch S.G., Darimont C, Cooke S, Ban N, Marshall A. 2020. 
“Two-Eyed Seeing”: An Indigenous framework to transform fisheries research and management. 
Fish and Fisheries. 22:243–261 DOI: 10.1111/faf.12516. 
Increasingly, fisheries researchers and managers seek or are compelled to “bridge” Indigenous knowledge 
systems with Western scientific approaches to understanding and governing fisheries. Here, we move 
beyond the all‐too‐common narrative about integrating or incorporating (too often used as euphemisms 
for assimilating) other knowledge systems into Western science, instead of building an ethic of 
knowledge coexistence and complementarity in knowledge generation using Two‐Eyed Seeing as a 
guiding framework. Two‐Eyed Seeing (Etuaptmumk in Mi’kmaw) embraces “learning to see from one 
eye with the strengths of Indigenous knowledges and ways of knowing, and from the other eye with the 
strengths of mainstream knowledges and ways of knowing, and to use both these eyes together, for the 
benefit of all,” as envisaged by Elder Dr. Albert Marshall. In this paper, we examine the notion of 
knowledge dichotomies and imperatives for knowledge coexistence and draw parallels between Two‐
Eyed Seeing and other analogous Indigenous frameworks from around the world. It is set apart from other 
Indigenous frameworks in its explicit action imperative—central to Two‐Eyed Seeing is the notion that 
knowledge transforms the holder and that the holder bears a responsibility to act on that knowledge. We 
explore its operationalization through three Canadian aquatic and fisheries case‐studies that co‐develop 
questions, document and mobilize knowledge, and co‐produce insights and decisions. We argue that Two‐
Eyed Seeing provides a pathway to a plural coexistence, where time‐tested Indigenous knowledge 
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systems can be paired with, not subsumed by, Western scientific insights for an equitable and sustainable 
future. 

Walsh J.C., K. Connors, E. Hertz, L. Kehoe, J. Halverson, T. Martin, B. Connors, J. Reynolds. 
2020. Prioritizing conservation actions for Pacific salmon in Canada. Journal of Applied Ecology. 
57:1688–1699. https://doi.org/10.1111/1365-2664.13646 
1. Current investment in conservation is insufficient to adequately protect and recover all ecosystems 

and species. The challenge of allocating limited funds is acute for Pacific salmon Oncorhynchus spp. 
in Canada, which lack a strategic approach to ensure that resources are spent on actions most likely to 
cost‐effectively recover diminished populations. 

2. We applied the Priority Threat Management framework to prioritize strategies most likely to 
maximize the number of thriving Pacific salmon populations on the Central Coast of British 
Columbia, Canada. These included 79 genetically, ecologically and spatially distinct population 
groups called conservation units (CUs) for five salmon species. This region has high salmon 
biodiversity and spans the territories of four First Nations: the Heiltsuk, Nuxalk, Kitasoo/Xai'xais and 
Wuikinuxv. 

3. Using structured expert elicitation of Indigenous and other experts, we quantified the estimated 
benefits, costs and feasibility of implementing 10 strategies. Under a business‐as‐usual scenario (i.e., 
no additional investments in salmon conservation or management), experts predicted that only one in 
four CUs would have > 50% chance of achieving a thriving status within 20 years. Limiting future 
industrial development in salmon habitats, which was predicted to safeguard CUs from future 
declines, was identified as the most cost‐effective strategy. Investment in three strategies: (a) removal 
of artificial barriers to fish migration, (b) watershed protection and (c) stream restoration—at $11.3M 
CAD per year—was predicted to result in nearly half (34 of 79) of the CUs having a > 60% chance of 
meeting the conservation objective. 

4. If all conservation strategies were implemented, experts estimated a >50% probability of achieving a 
thriving status for 78 of 79 CUs, at an annual cost of 17.3M CAD. However, even with the 
implementation of all strategies, most sockeye salmon CUs were unlikely to achieve higher 
probability targets of reaching the objective. 

5. Policy implications. We illustrate how Priority Threat Management can incorporate the perspectives 
and expertise of Indigenous peoples and other experts to prioritize conservation strategies based on 
their cost, benefit, and feasibility. Implementation of this framework can help safeguard and recover 
Pacific salmon in Canada, and could also be used to prioritize actions for other conservation issues 
globally. 

 
 

https://doi.org/10.1111/1365-2664.13646
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