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United States Bibliography of Publications Linked to the NPAFC 
Science Plan 

 
 

Abstract 
 
 
This bibliography lists original papers and documents published since June 2021 to May 
2022 by United States scientists and/or their collaborators in relation to the 2016–2022 
NPAFC Science Plan. The bibliography includes # articles with abstracts, corresponding 
to the five research themes of the NPAFC Science Plan: 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.
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Bibliography 
 
Theme 1: Status of Pacific Salmon and Steelhead Trout 

Brodersen, N.B. 2021. Sonar estimation of summer chum and pink salmon in the Anvik 
River, Alaska, 2019. Alaska Department of Fish and Game, Fishery Data Series 
No. 21-12, Anchorage. http://www.adfg.alaska.gov/FedAidPDFs/FDS21-12.pdf  

Abstract: Dual-frequency identification sonar (DIDSON) was used to estimate adult 
summer chum salmon Oncorhynchus keta and pink salmon O. gorbuscha passage in the 
Anvik River from June 16 to July 26, 2019. Apportionment to species was determined 
from data collected from tower counts. A total of 249,014 (SE 2,034) summer chum and 
241 (SE 81) pink salmon were estimated to have passed the sonar site. A beach seine 
sample fishery was conducted to collect age, sex, and length information. Both sonar 
systems functioned well with minimal interruptions to operation. The range of 
ensonification was considered adequate for most fish that migrated upstream.  

Carey, M.P., V.R. von Biela, A. Bunker, K.D. Keith, M. Schelske, C. Lean, and C.E. 
Zimmerman. 2021. Egg Retention of High-Latitude Sockeye Salmon 
(Oncorhynchus nerka) in the Pilgrim River, Alaska, During the Pacific Marine 
Heatwave of 2014–2016. Polar Biology. doi: 10.1007/s00300-021-02902-8  

Abstract: Ocean and freshwater conditions can influence spawning success of Pacific 
salmon (Oncorhynchus spp.) by governing the energy content of fish at the start of and 
during the spawning migration. Ocean conditions determine the energy stores of fish at 
the freshwater entry, while freshwater conditions determine how quickly stored energy is 
depleted as individuals migrate to spawning grounds in natal rivers and lakes. We 
assessed the occurrence of sockeye salmon (Oncorhynchus nerka) egg retention (failure 
to deposit eggs) in a high-latitude (~ 65°N) watershed that has a large, inter-annual 
variation in the number of returning adults. We also explored relationships between 
ocean and freshwater conditions with egg retention of female sockeye salmon. The 
proportion of females with egg retention (> 50 eggs) varied by threefold (12 to 36%) 
across years (2013 to 2020) and was related to ocean conditions represented by the North 
Pacific Index (NPI). Egg retention was more common in years with low NPI values (a 
stronger Aleutian Low) in association with the Pacific marine heatwave of 2014–2016 
that disrupted food webs. This initial study contains the first empirical data observing the 
influence of ocean conditions on egg retention for any Pacific salmon population. The 
lack of any relationship between egg retention and freshwater temperatures was 
consistent with water temperatures primarily occurring below thresholds associated with 
heat stress related mortality (< 18 °C). Understanding the amount of egg retention and 
how environmental drivers influence egg retention within Pacific salmon populations 
provides insights for managers assessing the number of successful spawners and helps 
refine escapement-based management efforts.  

Courtney, M.B., M. Evans, K.R. Shedd, and A.C. Seitz. 2021. Understanding the 
behavior and ecology of Chinook salmon (Oncorhynchus tshawytscha) on an 
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important feeding ground in the Gulf of Alaska. Environmental Biology of Fishes. 
104: 357–373. https://doi.org/10.1007/s10641-021-01083-x 

 Abstract: Population declines and demographic changes of Chinook salmon 
(Oncorhynchus tshawytscha), have been documented throughout this species’ range, 
though information on natural and anthropogenic mechanisms related to these changes 
are not fully understood. To provide insights into marine behaviors and survival of 
Chinook salmon, 40 pop-up satellite archival tags (PSATs), that collected environmental 
data, were attached to large (69–100 cm FL) Chinook salmon caught in the marine waters 
of Cook Inlet, Alaska. PSATs provided evidence of predation on tagged Chinook salmon 
by ectothermic and unconfirmed predators, and provided valuable information about the 
migratory characteristics and occupied depths and temperatures of this species while 
occupying Cook Inlet and the Gulf of Alaska. The results from this study suggest that 
late-marine mortality of Chinook salmon of a variety of stock-origins by apex predators 
is more common in Cook Inlet than previously thought, and may be used to improve our 
understanding this species’ population dynamics. Furthermore, results from this study 
adds to the existing knowledge of marine habitat use by Chinook Salmon and may be 
useful in assessing the vulnerability and interactions between this species and 
anthropogenic activities.  

Dunmall, K.D., D.G. McNicholl, C.E. Zimmerman, S.E. Gilk-Baumer, S. Burril, and 
V.R. von Biela. 2022. First juvenile Chum Salmon confirms successful 
reproduction for Pacific salmon in the North American Arctic. Canadian Journal 
of Fisheries and Aquatic Sciences. https://doi.org/10.1139/cjfas-2022-0006 

Abstract: The distributional extent of Pacific salmon Oncorhynchus spp. in the North 
American Arctic is unresolved. While adult Pacific salmon have a recurring presence 
across the Alaskan North Slope and into the Canadian Arctic, it is uncertain if these fish 
are part of established Arctic populations, vagrants from outside sources reproducing 
unsuccessfully, or both. Here we present the first confirmed record of a juvenile Chum 
Salmon O. keta captured in the nearshore marine ecosystem in the North American 
Arctic. This provides the first scientific evidence of successful spawning and early 
marine survival of Pacific salmon in the North American Arctic. It was caught near 
Kaktovik, Alaska in August 2017 with a group of similarly sized age-0 Mackenzie River 
Arctic Cisco Coregonus autumnalis. Stable isotope and otolith microchemistry analyses 
are consistent with use of the nearshore estuarine corridor from the Mackenzie River west 
along the northern coast. This contributes critical information needed to identify, manage, 
and conserve biodiversity at the northern range edge, and will help to clarify the status of 
Pacific salmon as potentially emerging fisheries develop in the North American Arctic 
due to climate warming. 

 

 

 

https://doi.org/10.1007/s10641-021-01083-x
https://doi.org/10.1007/s10641-021-01083-x
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1139%2Fcjfas-2022-0006&data=04%7C01%7Ckathrine.howard%40alaska.gov%7Ca0d89d42f84a4fb107ac08da0b875464%7C20030bf67ad942f7927359ea83fcfa38%7C0%7C0%7C637834973140848434%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=xqg%2BbM7er1UN0Edlaky8N%2B%2BFrXyjGVbYioZ%2Fl%2B%2BZCtk%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1139%2Fcjfas-2022-0006&data=04%7C01%7Ckathrine.howard%40alaska.gov%7Ca0d89d42f84a4fb107ac08da0b875464%7C20030bf67ad942f7927359ea83fcfa38%7C0%7C0%7C637834973140848434%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=xqg%2BbM7er1UN0Edlaky8N%2B%2BFrXyjGVbYioZ%2Fl%2B%2BZCtk%3D&reserved=0
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Gilk-Baumer, S., A. Barclay, T. Dann, E. Lee, K. Shedd, W. Templin, and W. Larson.  
2022.  Status of salmon genetic baselines in Alaska, 2022.  NPAFC Doc. 2034.  
11 pp.  Alaska Department of Fish and Game and the National Marine Fisheries 
Service, Alaska Fisheries Science Center (Available at https://npafc.org). 

Abstract: The Baseline Development Team (BDT) of the NPAFC Working Group on 
Stock Identification is intended as a forum for collaborative development and 
standardization of genetic data of Pacific Salmon (Oncorhynchus sp.) and Steelhead 
Trout (O. mykiss). Data-sharing is an integral part of developing comprehensive 
coastwide genetic baselines for use by all Parties. In this document, we take an initial step 
towards this goal by presenting the status of genetic baselines in Alaska for five species 
of Pacific salmon: Chinook Salmon (O. tshawytscha),Chum Salmon (O. keta), Coho 
Salmon (O. kisutch), Pink Salmon (O. gorbuscha), and Sockeye Salmon (O. nerka). 
While we provide limited information in this introductory report, we anticipate additional 
reports in the future with expanded scope to meet the needs of the BDT 

Hamazaki, T. 2021. Stock-specific run and escapement of Yukon River Chinook salmon 
1981–2019. Alaska Department of Fish and Game, Fishery Data Series No. 21-
15, Anchorage.  

Abstract: This report describes a modeling framework to reconstruct the historical time 
series of drainagewide and stock-specific run and escapement of Pacific salmon 
Oncorhynchus spp. that return to a single large river system. The model combines 
historical data from various assessment projects that estimate mainstem passage, harvests, 
tributary escapements, and stock proportions under a single maximum-likelihood 
estimation framework. As a demonstration, the modeling framework was applied to 
reconstruct the historical (1981–2019) drainagewide run size and escapement of Yukon 
River Chinook salmon (O. tshawytscha) and each of the contributing stock components: 
Canada, Middle Yukon, and Lower Yukon. The model estimated that the average 
drainagewide (all stocks) run size was 301,000 (range: 109,000–491,000), escapement 
was 186,000 (88,000–305,000), and harvest rate was 35% (2–60%). The average Canada 
stock run size was 125,000 (39,000–214,000), escapement was 60,000 (14,000–126,000), 
and harvest rate was 48% (2–78%). The average Middle Yukon stock run size was 
75,000 (22,000–139,000), escapement was 47,000 (14,000–126,000), and harvest rate 
was 35% (2–85%). The average Lower Yukon stock run was 101,000 (48,000–204,000), 
escapement was 78,000 (30,000–164,000), and harvest rate was 21% (1–51%). The next 
steps regarding the application of this model to Yukon River Chinook salmon should 
include a comprehensive data review, consideration of alternative model structures, and 
critical evaluation of model assumptions.  

Jalbert C.S., J.A. Falke, J.A. López, K.J. Dunker, A.J. Sepulveda, P.A.H. Westley. 2021. 
Vulnerability of Pacific salmon to invasion of northern pike (Esox lucius) in 
Southcentral Alaska. PLoS ONE 16(7): e0254097. 
https://doi.org/10.1371/journal.pone.0254097  

Abstract: The relentless role of invasive species in the extinction of native biota requires 
predictions of ecosystem vulnerability to inform proactive management strategies. The 

https://doi.org/10.1371/journal.pone.0254097
https://doi.org/10.1371/journal.pone.0254097
https://doi.org/10.1371/journal.pone.0254097
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worldwide invasion and range expansion of predatory northern pike (Esox lucius) has 
been linked to the decline of native fishes and tools are needed to predict the vulnerability 
of habitats to invasion over broad geographic scales. To address this need, we coupled an 
intrinsic potential habitat modelling approach with a Bayesian network to evaluate the 
vulnerability of five culturally and economically vital species of Pacific salmon 
(Oncorhynchus spp.) to invasion by northern pike. This study was conducted along 
22,875 stream km in the Southcentral region of Alaska, USA. Pink salmon (O. 
gorbuscha) were the most vulnerable species, with 15.2% (2,458 km) of their calculated 
extent identified as “highly” vulnerable, followed closely by chum salmon (O. keta, 
14.8%; 2,557 km) and coho salmon (O. kisutch, 14.7%; 2,536 km). Moreover, all five 
Pacific salmon species were highly vulnerable in 1,001 stream km of shared habitat. This 
simple to implement, adaptable, and cost-effective framework will allow prioritizing 
habitats for early detection and monitoring of invading northern pike.  

Josephson, R., A. Wertheimer, D. Gaudet, E.E. Knudsen, B. Adams, D.R. Bernard, S.C. 
Heinl, A.W Piston, and W.D. Templin. 2021. Proportions of hatchery fish in 
escapements of summer-run Chum Salmon in Southeast Alaska, 2013-2015. 
Northern American Journal of Fisheries Management. 41(3): 724-738. 

Abstract: The Alaska salmon hatchery program is intended to supplement salmon 
fisheries without supplanting wild stocks. Hatchery-origin Chum Salmon Oncorhynchus 
keta spend most of their lives interacting with wild salmon, including some degree of 
straying to spawning streams. Our study was designed and implemented to measure the 
extent and annual variability of straying by hatchery-produced, summer-run Chum 
Salmon in Southeast Alaska from 2013 to 2015 by sampling in individual streams to 
estimate the proportion of hatchery strays. In the sampled index streams, the proportion 
ranged from 0.000 to 0.854 over the 3 years. Unbiased estimates of the proportions of 
hatchery-origin fish spawning in each of the three management units ranged from 0.016 
to 0.081, and the estimated hatchery proportions spawning across Southeast Alaska 
ranged from 0.032 to 0.060. The proportion of hatchery strays decreased as the distance 
from hatchery release sites increased; proportions were highest at streams located within 
50 km of the nearest release site. The proportion of hatchery-origin spawners was 
negatively related to the index of spawning escapement in a stream. A hatchery donor 
stray rate of 0.8–4.8% was estimated. Hatchery-origin Chum Salmon occur at low levels 
in most Chum Salmon systems in Southeast Alaska and at higher levels in systems close 
to hatchery release sites.  

Knudsen, E.E., P.S. Rand, K.B. Gorman, D.R. Bernard, and W.D. Templin. 2021. 
Hatchery-origin stray rates and total run characteristics for pink salmon and chum 
salmon returning to Prince William Sound, Alaska, in 2013-2015. Marine and 
Coastal Fisheries: Dynamics, Management, and Ecosystem Science 13: 41-68. 

Abstract: Pacific salmon hatcheries support important commercial fisheries for Pink 
Salmon Oncorhynchus gorbuscha and Chum Salmon O. keta in Prince William Sound 
(PWS), Alaska. State policy mandates that hatchery-produced fish must not negatively 
impact natural populations, which can occur during mixed fisheries and via ecological 
and genetic interactions. Therefore, we quantified the spatial and temporal overlap of 
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natural- and hatchery-origin salmon (1) as they migrated into PWS and (2) in PWS 
spawning streams. Intensive sampling during 2013–2015, combined with ancillary 
agency harvest and hatchery composition data, also allowed us to estimate the hatchery, 
natural, and total run sizes. Estimated annual proportions (SE in parentheses) of hatchery 
fish in the preharvest run ranged from 0.55 (0.01) to 0.86 (0.03) for Pink Salmon and 
from 0.51 (0.03) to 0.73 (0.02) for Chum Salmon. Proportions of hatchery fish across all 
sampled PWS spawning streams were much lower, ranging from 0.05 (0.03) to 0.15 
(0.07) for Pink Salmon and from 0.03 (0.03) to 0.09 (0.03) for Chum Salmon. In both 
species, relatively high instream proportions of hatchery fish tended to be geographically 
localized, while many streams exhibited low proportions. The estimated total PWS runs 
were 50–142 million Pink Salmon and 2.3–5.4 million Chum Salmon. Commercial 
fisheries harvested 94–99% of hatchery-origin fish of both species, 27–50% of natural-
origin Pink Salmon, and 17–20% of natural-origin Chum Salmon. Despite very high 
harvest rates on hatchery-produced fish, an estimated 0.8–4.5 million hatchery Pink 
Salmon and 30,000–90,000 hatchery Chum Salmon strayed into PWS spawning streams. 
Our findings provide context for further research on the relative productivity of hatchery- 
and natural-origin salmon spawning in streams, density-dependent survival, 
improvements in fidelity to hatchery release sites, the influence of hatchery production on 
escapement management and policy, and refinements in harvest management precision in 
PWS.  

Morrill, R.P., K.T. Wiglesworth, and J.D. Lozori. 2021. Sonar estimation of salmon 
passage in the Yukon River near Pilot Station, 2019. Alaska Department of Fish 
and Game, Fishery Data Series No. 21-13, Anchorage. 
http://www.adfg.alaska.gov/FedAidPDFs/FDS21-13.pdf 

Abstract: The Pilot Station sonar project has provided daily passage estimates of Chinook 
(Oncorhynchus tshawytscha), chum (O. keta), and coho (O. kisutch) salmon for most 
years since 1986. Fish passage estimates for each species were generated in 2019 using a 
2-component process: (1) estimation of total fish passage with 120 kHz split-beam sonar 
and an adaptive resolution imaging sonar, and (2) apportionment to species by sampling 
using a suite of gillnets of various mesh sizes. An estimated 3,161,920 fish passed 
through the sonar sampling area between June 2 and August 31. Of those fish, 690,494 
passed along the right bank, and 2,471,426 passed along the left bank. Included, with 
90% confidence intervals, were 172,242 ± 18,964 large Chinook salmon (>655 mm to 
fork of tail), 47,382 ± 7,725 small Chinook salmon (≤655 mm to fork of tail), 1,402,925 
± 85,902 summer chum salmon, 842,041 ± 37,151 fall chum salmon, 86,401 ± 9,530 
coho salmon, 42,353 ± 8,893 pink salmon, 270,434 ± 36,596 cisco, 196,905 ± 30,456 
humpback whitefish, 25,694 ± 5,256 broad whitefish, 22,673 ± 5,948 sheefish, and 
52,870 ± 5,659 other species.  

Munro, A.R., and R.E. Brenner. 2021. Summary of Pacific salmon escapement goals in 
Alaska with a review of escapements from 2012 to 2020. Alaska Department of 
Fish and Game, Fishery Manuscript Series No. 21-05, Anchorage. 
http://www.adfg.alaska.gov/FedAidPDFs/FMS21-05.pdf 

http://www.adfg.alaska.gov/FedAidPDFs/FMS21-05.pdf
http://www.adfg.alaska.gov/FedAidPDFs/FMS21-05.pdf
http://www.adfg.alaska.gov/FedAidPDFs/FMS21-05.pdf


7 
 

Abstract: This report summarizes statewide Pacific salmon escapement goals in effect in 
2020 and documents escapements for all species and stocks with goals from 2012 
through 2020. In addition, this report documents changes in escapement goals for both 
2019 and 2020 because the report was not published in 2020 due to extenuating 
circumstances associated with the COVID-19 pandemic. Annual escapements are 
compared against escapement goals in place at the time to assess outcomes, with 
summaries by the Division of Commercial Fisheries regions. We list methods used to 
enumerate escapements and to develop current escapement goals (with brief descriptions) 
for each monitored stock. Leading up to the 2018/2019 Board of Fisheries meeting cycle, 
escapement goals were reviewed for the Bristol Bay, Arctic-Yukon-Kuskokwim, Alaska 
Peninsula/Aleutian Islands, and Chignik Management Areas. As a result of these reviews, 
there were 29 escapement goal changes in 2019, including the elimination of 10 goals. 
The remaining changes were due to updates to escapement indices and/or goal 
development methods. There were no changes to any escapement goals in the Chignik 
Management Area. For the 2019/2020 Board of Fisheries meeting cycle, escapement 
goals were reviewed for Upper Cook Inlet, Lower Cook Inlet, and Kodiak Management 
Areas. As a result of these reviews, there were 32 escapement goal changes in Upper 
Cook Inlet that included establishing 4 new escapement goals and eliminating 12 goals. 
There were no escapement goal changes for Lower Cook Inlet. Because of these 
revisions, there were 272 salmon escapement goals in Alaska in 2019 and 264 
escapement goals in 2020. In 2019, 78% of the escapement goals in Alaska were met or 
exceeded and 22% of the stocks did not meet minimum escapement goals. In 2020, 65% 
of the escapement goals were met or exceeded and 35% of the stocks did not meet 
minimum escapement goals. 

Murphy, J.M., A.W. Piston, W.W. Strasburger, J.H. Moss, J.A. Dimond, S.C. Heinl,  
E.A. Fergusson, and A. K. Gray.  2022.  Southeast Alaska coastal monitoring 
survey: salmon distribution, abundance, size, and origin, 2020.  NPAFC Doc. 
2023.  23 pp.  National Marine Fisheries Service, Alaska Fisheries Science 
Center, and Alaska Department of Fish and Game  (Available at 
https://npafc.org). 

 
Abstract: Information on the distribution, abundance, size, and origin of salmon were 
collected as part of Southeast Alaska Coastal Monitoring (SECM) survey in 2020. SECM 
has included monthly rope trawl and oceanographic sampling in the northern region of 
Southeast Alaska since 1997 to monitor ocean conditions and the status of juvenile 
salmon.  Information on juvenile salmon were collected at eight stations in the strait 
habitat (Icy Strait and Upper Chatham stations) and four stations in the inshore habitat 
(Stephens Passage stations) aboard the ADF&G vessel R/V Medeia.  A total of 58,295 
fish (2,013 salmon, and 56,282 non-salmon species) and 635 kg of jellyfish were 
captured during 26.6 hours of rope trawl effort during 2020. Pacific herring was the most 
abundant species in the trawl catch (n = 55,819), chum salmon (n = 1,014) was the most 
abundant species of juvenile salmon, and Chinook salmon was the most abundant species 
of immature salmon (n = 11).  The average length of juvenile salmon in July in the strait 
habitat decreased from their size in 2019 (with the exception of coho salmon); however, 
all juvenile salmon species reached an average July length in 2020 was very close to their 
annual average.  The peak calibrated catch rates for pink and chum salmon in Icy Strait 
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increased from levels in 2019; however, peak catch rates for all species of juvenile 
salmon were below their annual average in 2020.  Catch rates of juvenile pink salmon in 
2020 resulted in a strong outlook for the harvest of Southeast Alaska pink salmon in 2021 
(19–42 million fish) after correcting for the effect of temperature on pink salmon catch 
rates.  The average catch rate of juvenile Chinook salmon in Stephens Passage in 2020 
(18 fish/hr) was consistent with rates observed in 2019 (17 fish/hr).  The proportion of 
juvenile Chinook salmon from the Douglas Island Pink and Chum Salmon (DIPAC) 
hatchery in 2020 (74%) was slightly higher than their proportion in 2019 (69%) based on 
the recovery of coded wire tags (CWTs).  All juvenile coho salmon CWTs were 
recovered in Stephens Passage (n = 5) and were from DIPAC.  DIPAC coho accounted 
for 61% of the juvenile coho captured in the Stephens Passage stations.  The 2020 stock 
proportions of juvenile chum salmon in the strait habitat were consistent with their 
overall average based on the recovery of otolith thermal marks.  DIPAC chum salmon 
were the most abundant stock group of chum salmon in June (76%).  Unmarked (43%) 
and Hidden Falls hatchery chum salmon (22%) were the most abundance stock groups of 
juvenile chum salmon in July. 

Murphy, J.M., S. Garcia, D. Cooper, T. Miller, K. Howard, and E. Farley.  2022.  
Northern Bering Sea surface trawl and ecosystem survey plan, 2022.  NPAFC 
Doc. 2024.  3 pp.  National Oceanic and Atmospheric Administration (NOAA), 
National Marine Fisheries Service (NMFS), Alaska Fisheries Science Center, and 
Alaska Department of Fish and Game  (Available at https://npafc.org). 

Abstract: The 2022 northern Bering Sea surface trawl and ecosystem survey is a multi-
disciplinary research project conducted aboard a chartered fishing vessel, the F/V 
Northwest Explorer. The survey is scheduled to begin in Dutch Harbor, AK on August 27 
and end in Dutch Harbor, AK on September 20, with a port call in Nome, AK on 
September 8 or 9th, 2022.  The survey will include the deployment of multiple sampling 
gear types, including a surface trawl, a small mesh beam trawl, a bongo net, a CTD, a 
rosette water sampler, and a Van Veen benthic grab. The survey will support a wide 
range of research activities, including stock-specific juvenile salmon abundance 
estimates, the pelagic food web, fish condition, oceanographic conditions, zooplankton 
distribution and abundance, seabird densities, harmful algal bloom toxins, essential crab 
habitat, environmental DNA, salmon shark migration, and the carbon cycle of the Yukon 
River plume.  

Shedd, K.R., E.A. Lescak, C. Habicht, E.E. Knudsen, T.H. Dann, H.A. Hoyt, D.J. Prince, 
and W.D. Templin. 2022. Reduced relative fitness in hatchery-origin Pink Salmon 
in two streams in Prince William Sound, Alaska.  Evolutionary Applications 
https://doi.org/10.1111/eva.13356 

 Abstract: Previous studies generally report that hatchery-origin Pacific Salmon 
(Oncorhynchus spp.) have lower relative reproductive success (RRS) than their natural-
origin counterparts. We estimated the RRS of Pink Salmon (O. gorbuscha) in Prince 
William Sound (PWS), Alaska using incomplete pedigrees. In contrast to other RRS 
studies, Pink Salmon have a short freshwater life history, freshwater habitats in PWS are 
largely unaltered by development, and sampling was conducted without the aid of dams 

https://npafc.org/
https://doi.org/10.1111/eva.13356
https://doi.org/10.1111/eva.13356
https://doi.org/10.1111/eva.13356
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or weirs resulting in incomplete sampling of spawning individuals. Pink Salmon released 
from large-scale hatchery programs in PWS have interacted with wild populations for 
more than 15 generations. Hatchery populations were established from PWS populations 
but have subsequently been managed as separate broodstocks. Gene flow is primarily 
directional, from hatchery strays to wild populations. We used genetic-based parentage 
analysis to estimate the RRS of a single generation of stray hatchery-origin Pink Salmon 
in two streams, and across the odd- and even-year lineages. Despite incomplete sampling, 
we assigned 1745 offspring to at least one parent. Reproductive success (RS), measured 
as sampled adult offspring that returned to their natal stream, was significantly lower for 
hatchery- vs. natural-origin parents in both lineages, with RRS ranging from 0.03 to 0.47 
for females and 0.05 to 0.86 for males. Generalized linear modeling for the even-year 
lineage indicated that RRS was lower for hatchery-origin fish, ranging from 0.42 to 0.60, 
after accounting for sample date (run timing), sample location within the stream, and fish 
length. Our results strongly suggest that hatchery-origin strays have lower fitness in the 
wild. The consequences of reduced RRS on wild productivity depend on whether the 
mechanisms underlying reduced RRS are environmentally driven, and likely ephemeral, 
or genetically driven, and likely persistent across generations. 

von Biela, V.R., C.J. Sergeant, M.P. Carey, Z. Liller, C. Russell, S. Quinn-Davidson, P. 
Rand, P.A.H. Westley, C.E. Zimmerman. 2022. Premature mortality observations 
among Alaska’s Pacific Salmon during record heat and drought in 2019. 
Fisheries. doi: 10.1002/fsh.10705 

Abstract: Widespread mortality of Pacific salmon Oncorhynchus spp. returning to spawn 
in Alaska coincided with record-breaking air temperatures and prolonged drought in 
summer 2019. Extreme environmental conditions are expected to happen more frequently 
with rapid climate change and challenge the notion that Alaska could indefinitely provide 
abundant, cool freshwater habitat for Pacific salmon. A total of 110 geographically 
widespread opportunistic observations of premature mortality (carcasses) were collected 
from a variety of sources. Premature mortalities were documented for Pink Salmon 
Oncorhynchus gorbuscha, Sockeye Salmon O. nerka, Chum Salmon O. keta, Chinook 
Salmon O. tshawytscha, and Coho Salmon O. kisutch. Additionally, observations of Pink 
Salmon returning to spawn in Prince William Sound streams in 2019, obtained from 
systematic aerial surveys conducted annually, revealed low migration success in 87% of 
rain-driven streams (n = 30), 52% of snow-driven streams (n = 65), and only 18% of 
glacier-driven streams (n = 11). Salmon mortality observations were consistent with 
death due to heat stress resulting from high water temperatures or drought caused 
hypoxia and stranding. Developing a better understanding of how broad-scale climate 
patterns manifest at the stream scale can help us determine whether a major shift in 
Pacific salmon productivity is underway and inform fisheries management plans to better 
mitigate future risks. 

 
Theme 2: Pacific salmon and steelhead trout in a changing North Pacific Ocean 
 
Fergusson, E., J. Murphy, W. Strasburger, J. Moss, and A. Gray.  2022.  Southeast 

Alaska coastal monitoring survey: salmon trophic ecology and bioenergetics, 
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2020.  NPAFC Doc. 2020.  34 pp.  National Oceanic and Atmospheric 
Administration (NOAA), National Marine Fisheries Service (NMFS), Alaska 
Fisheries Science Center, Auke Bay Laboratories, Ted Stevens Marine Research 
Institute  (Available at https://npafc.org). 

 
 
Abstract: Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected from the marine waters of the northern region 
of southeastern Alaska (SEAK) in 2020. This annual survey, conducted by the Southeast 
Coastal Monitoring (SECM) project, marks 24 consecutive years of systematically 
monitoring how juvenile salmon utilize marine ecosystems during a period of climate 
change. The survey was implemented to identify the relationships between year-class 
strength of juvenile salmon and biophysical parameters that influence their habitat use, 
marine growth, prey fields, predation, and stock interactions. Up to 12 stations were 
sampled monthly in epipelagic waters from May to July. Fish, zooplankton, surface water 
samples, and physical profile data were collected during daylight at each station using a 
surface rope trawl, bongo nets, a water sampler, and a conductivity-temperature-depth 
profiler. Of the juvenile salmon examined for otolith marks, Alaska enhanced stocks 
comprised 75% of the juvenile Chum and 22% of the juvenile Sockeye salmon. Of the 14 
potential predators of juvenile salmon, no incidences of predation on juvenile salmon was 
observed. The long term seasonal time series of SECM juvenile salmon stock assessment 
and biophysical data is used in conjunction with basin-scale ecosystem metrics to 
annually forecast Pink salmon harvest in SEAK. Long term seasonal monitoring of key 
stocks of juvenile salmon and associated ecologically-related species, including fish 
predators and prey, permits researchers to understand how growth, abundance, and 
interactions affect year-class strength of salmon in marine ecosystems during a period of 
rapid climate change. 
 
Fergusson, E., W. Strasburger, J. Murphy, A. Piston, S. Heinl, and A. Gray.  2022.  

Southeast Alaska Coastal Monitoring Survey May–July 2021.  NPAFC Doc. 
2021.  44 pp.  National Oceanic and Atmospheric Administration (NOAA), 
National Marine Fisheries Service (NMFS), Alaska Fisheries Science Center, 
Auke Bay Laboratories, Ted Stevens Marine Research Institute, and Alaska 
Department of Fish and Game (Available at https://npafc.org). 

 
Abstract: Juvenile Pacific salmon, ecologically-related species, and associated 
biophysical data were collected from the marine waters of the northern and central 
regions of southeastern Alaska (SEAK) in 2022. This annual survey, conducted by the 
Southeast Coastal Monitoring (SECM) project, marks 24 consecutive years of 
systematically monitoring how juvenile salmon utilize marine ecosystems during a period 
of climate change. The survey was implemented to identify the relationships between 
year-class strength of juvenile salmon and biophysical parameters that influence their 
habitat use, marine growth, prey fields, predation, and stock interactions. Up to 20 
stations were sampled monthly in epipelagic waters from May to July. Fish, zooplankton, 
surface water samples, and physical profile data were collected during daylight at each 
station using a surface rope trawl, bongo nets, a water sampler, and a conductivity-

https://npafc.org/
https://npafc.org/
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temperature-depth profiler. Of the juvenile salmon examined for otolith marks, Alaska 
enhanced stocks comprised 88% of the juvenile chum and 12% of the juvenile sockeye 
salmon. Of the 26 potential predators of juvenile salmon, no incidences of predation on 
juvenile salmon was observed. The long term seasonal time series of SECM juvenile 
salmon stock assessment and biophysical data is used in conjunction with basin-scale 
ecosystem metrics to annually forecast pink salmon harvest in SEAK. Long term 
seasonal monitoring of key stocks of juvenile salmon and associated ecologically-related 
species, including fish predators and prey, permits researchers to understand how growth, 
abundance, and interactions affect year-class strength of salmon in marine ecosystems 
during a period of rapid climate change. 
 
Theme 3: New Technologies 

Garcia, S., C.A. Tribuzio, A.C. Seitz, M.B. Courtney, J.K. Nielsen, J.M. Murphy, and 
D.S. Oxman. 2021. Differential horizontal migration patterns of two male salmon 
sharks (Lamna ditropis) tagged in the Bering Sea. Animal Biotelemetry. 
https://doi.org/10.1186/s40317-021-00260-0. 

Abstract: The salmon shark (Lamna ditropis) is a widely distributed apex predator in the 
North Pacific Ocean. Many salmon sharks from the eastern North Pacific, specifically 
Prince William Sound, Alaska, have been satellite tagged and tracked, but due to the 
sexual segregation present in salmon sharks, most of these tagged sharks were female. 
Consequently, little information exists regarding the migration patterns of male salmon 
sharks. To better understand the migration and distribution of this species, information on 
the male component of the population as well as from sharks outside of Prince William 
Sound, Alaska, is needed. In this study, we deployed satellite transmitters on two mature 
male salmon sharks caught in the Bering Sea. The two mature male salmon sharks tagged 
in the Bering Sea exhibited distinct migration patterns. The first male, tagged in August 
2017, traveled to southern California where it remained from January to April after which 
it traveled north along the United States’ coast and returned to the Bering Sea in August 
2018. The second male, tagged in September 2019, remained in the North Pacific 
between 38°N and 50°N before returning to the Bering Sea in July of year one and as of 
its last known location in year two. The straight-line distance traveled by the 2017 and 
2019 sharks during their 12 and 22 months at liberty was 18,775 km and 27,100 km, 
respectively. Before this study, our understanding of salmon shark migration was limited 
to female salmon sharks satellite tagged in the eastern North Pacific. The 2017 male 
salmon shark undertook a similar, but longer, north-south migration as tagged female 
sharks whereas the 2019 shark showed little overlap with previously tagged females. The 
different migration patterns between the two male sharks suggest distinct areas exist for 
foraging across the North Pacific. The return of both sharks to the Bering Sea suggests 
some fidelity to region. Continued tagging efforts are necessary to understand the 
population structure of salmon sharks in the North Pacific. This tagging study highlights 
the importance of opportunistic efforts for obtaining information on species and sex with 
limited distribution data. 

Oxman, D.S., P. Charapata, K.W. McNeel, A.R. Munro, S. Trumble. 2021. 
Reconstructing Reproductive Life Histories Using Hormones Recovered from 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1186%2Fs40317-021-00260-0.&data=04%7C01%7Candrew.munro%40alaska.gov%7C7bce21234af04f42d5f208da0d170323%7C20030bf67ad942f7927359ea83fcfa38%7C0%7C0%7C637836689734221868%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=oIMmrBR%2B0S8f5hljfdHFzM3Hw%2BU6UbSfY8hKpCkfDzM%3D&reserved=0
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Incrementally Grown Structures in Fish. World Fisheries Congress 2021. 20-24 
September 2021, Adelaide, Australia. 

Abstract: Assessments of spawning stock biomass are crucial for setting catch limits for 
commercial fisheries. These measures rely on abundance estimates, size or age of 
maturity, and spawning frequency. Such key life history parameters are estimated 
through seasonal sampling surveys, but the timing of such surveys can influence the 
capture and detection of spawning individuals and only provides a snapshot of a 
population’s reproductive capacity. Additionally, variability in the age an individual 
enters the spawning population and spawning frequency can be difficult to assess using 
traditional methods. To accurately estimate spawning stock biomass and reproductive 
potential, methods need to be developed that can recreate reproductive histories and 
assess spawning frequency. Chemical and elemental signatures present in biological 
structures that retain seasonal growth patterns (e.g., otoliths, scales, fins, and bones) have 
been used to reconstruct migration events and seasonal growth patterns. We hypothesized 
that such structures could also provide a record of an individual’s reproductive history by 
retaining hormones. To test this hypothesis, we extracted reproductive and stress 
hormones from annual growth increments in bones from yelloweye rockfish (Sebastes 
ruberrimus), black rockfish (Sebastes melanops), chinook salmon (Oncorhynchus 
tshawytscha), and Pacific bluefin tuna (Thunnus orientalis). Results indicated hormone 
concentrations varied temporally within each structure and species, and the resulting 
profiles allowed us to make inferences regarding the age of sexual maturity, reproductive 
frequency, stress, and senescence. Such reconstructions of individual reproductive 
histories can be used to test assumptions of age at maturity and spawning frequency and 
examine how environmental factors may influence reproductive potential. Work is 
currently being conducted to refine methods and validate assumptions regarding data 
interpretation by comparing maturity status (via gonad development) and blood hormone 
levels to those recovered from hard parts. Work is also underway to measure stable 
isotopes (δ13C, δ15N, δ34S and δ18O) within annual growth increments to provide insights 
regarding age-related changes in trophic ecology. These new methods could help fishery 
managers assess current paradigms and assumptions associated with age-based 
management and stock assessment for a variety of long-lived species and do so within the 
context of environmental change. 

Theme 4: Management systems 
 
Masuda, M.M., V.J. Tuttle, J. Memoly, and P. Bizzell.  2022.  High seas salmonid coded-

wire tag recovery data, 2015–2020.  NPAFC Doc. 2006.  57 pp.  National 
Oceanic and Atmospheric Administration (NOAA), National Marine Fisheries 
Service (NMFS), Alaska Fisheries Science Center, Auke Bay Laboratories, Ted 
Stevens Marine Research Institute, and National Oceanic and Atmospheric 
Administration (NOAA), National Marine Fisheries Service (NMFS), Northwest 
Fisheries Science Center  (Available at https://npafc.org). 

 
Abstract: Information on high seas recoveries of salmonids (Oncorhynchus spp.) tagged 
with coded-wire tags (CWTs) has been reported annually to the International North 
Pacific Fisheries Commission (1981–1992) and to the North Pacific Anadromous Fish 

https://npafc.org/
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Commission (1993–present). Data from these CWT recoveries are also reported to the 
Regional Mark Processing Center (RMPC, http://www.rmpc.org) of the Pacific States 
Marine Fisheries Commission (PSMFC) for inclusion in their Regional Mark Information 
System (RMIS) database. This document lists recovery data for 475 coded-wire tagged 
salmonids not previously reported to the PSMFC/RMPC RMIS database. These CWTs 
were recovered from 1) the U.S. groundfish trawl fisheries in the Gulf of Alaska (GOA) 
as sampled by observers from the North Pacific Observer Program (NPOP) in 2020 (142 
Chinook salmon [O. tshawytscha]), 2) the U.S. rockfish trawl fishery in the central GOA 
in 2020 (80 Chinook salmon and 1 coho salmon [O. kisutch]), 3) the U.S. groundfish 
trawl fisheries in the eastern Bering Sea-Aleutian Islands as sampled by NPOP observers 
in 2020 (20 Chinook salmon), 4) the U.S. at-sea Pacific hake (Merluccius productus) 
trawl fishery in the North Pacific Ocean off Washington and Oregon in 2020 (25 Chinook 
salmon) as sampled by observers from the At-Sea Hake Observer Program, and 5) the 
U.S. West Coast groundfish trawl and pink shrimp fisheries off Washington, Oregon, and 
California (74, 36, 25, 14, 24, and 34 Chinook salmon in 2015–2020, respectively) as 
sampled by observers from the West Coast Groundfish Observer Program. 
 
Munro, A.R.  2022.  Summary of Alaska’s 2021 Pacific salmon escapement and 

commercial harvest.  NPAFC Doc. 2010.  13 pp.  Alaska Department of Fish and 
Game (Available at https://npafc.org). 

 
Abstract: Since 1959, Alaska has used spawning escapement goal-based management of 
its Pacific salmon stocks and in 2000 codified escapement goal management into 
regulation. Annually, the Alaska Department of Fish and Game produces a report on 
statewide salmon escapements and associated escapement goals as well as a season 
summary and forecast report for commercial salmon fisheries. This report provides a 
summary of commercial salmon harvests and achievement of salmon escapement goals in 
2021 based upon these reports. 
Oxman, D.S.  2022.  Proposed otolith marks for brood year 2022 salmon in Alaska.  

NPAFC Doc. 2011.  8 pp.  Alaska Department of Fish and Game (Available at 
https://npafc.org). 

 
Abstract: In Alaska, mass-marking of salmon using otolith thermal marking is an 
effective research and management tool applicable to a variety of situations. For brood 
year 2022, approximately 64 million sockeye, 1 billion pink salmon, 809 million chum, 
27 million coho, and 10 million Chinook salmon will be marked at 27 different hatcheries 
using 117 thermal marks, eleven dry marks, one salt mark, and two strontium marks. 
 
Oxman, D.S.  2022.  Releases of otolith marked salmon from Alaska in 2021.  NPAFC 

Doc. 2012.  5 pp.  Alaska Department of Fish and Game (Available at 
https://npafc.org). 

 
Abstract: In Alaska, mass-marking of salmon using otolith thermal marking is an 
effective research and management tool for a variety of situations. This document reports 
the otolith mark patterns applied to hatchery-raised salmon stocks released in Alaska 

https://npafc.org/
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during 2021. It includes five species of salmon from brood years 2019 and 2020. Release 
numbers, mark patterns, and release locations are summarized. 
 
Strasburger, W., A.W. Piston, E.A. Fergusson, S.C. Heinl, and A.K. Gray.  2022.  

Southeast Alaska coastal monitoring survey plan, 2022.  NPAFC Doc. 2007.  5 
pp.  National Marine Fisheries Service and Alaska Department of Fish and Game 
(Available at https://npafc.org) 

 
Abstract: This document outlines the survey plan for the Southeast Coastal Monitoring 
(SECM) survey during 2022. SECM surveys support research on the marine ecology of 
salmon and the pelagic ecosystem in the northern region of Southeast Alaska. The 2022 
SECM surveys are scheduled to occur during May (oceanographic sampling only), June, 
and July (Figures 1 and 2; Tables 1 and 2). A detailed operational plan is available in 
Piston et al. (2021)1. The 2022 survey will include new stations in Sumner Strait. No 
sampling is scheduled during August. A Nordic264 surface trawl will be used to sample 
salmon and other pelagic nekton. A 60 cm bongo with 333 and 505 micron mesh nets 
will be used to collect zooplankton; and a CTD (SBE19+) will be used to collect 
information on temperature and salinity. Funding support for the survey is provided by 
the Pink Salmon Disaster Relief Fund, the Northern Fund of the Pacific Salmon 
Commission, the Alaska Fisheries Science Center, and the Alaska Department of Fish 
and Game. 
  

 
1 Piston, A. W., J. Murphy, J. Moss, W. Strasburger, S. C. Heinl, E. Fergusson, S. Miller, A. Gray, 
and C. Waters. 2021. Operational Plan: Southeast coastal monitoring, 2021. Alaska Department 
of Fish and Game, Regional Operational Plan No. ROP.CF.1J.2021.02, Douglas. 
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Schnaittacher, G.M.  2022.  Incidental catches of salmonids by U.S. groundfish fisheries 
in the Bering Sea/Aleutian Islands and the Gulf of Alaska, 1990–2021.  NPAFC 
Doc. 2022.  10 pp.  U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration (NOAA), National Marine Fisheries Service 
(NMFS), Alaska Fisheries Science Center, Fisheries Monitoring and Analysis 
Division  (Available at https://npafc.org). 

 
Abstract: This report presents the estimated incidental catches and average weights of 
Pacific salmonids in U.S. groundfish fisheries off Alaska from 1977 through 2021. 
Estimated annual incidental salmon catches (all species combined) in 2021, were 551,109 
salmon in the Bering Sea/Aleutian Islands (BSAI) and 20,741 salmon in the Gulf of 
Alaska (GOA).  Annual estimated numbers of Chinook salmon (Oncorhynchus 
tshawytscha) incidentally caught in the U.S. groundfish fisheries in the BSAI, have 
ranged from 8,223 individuals in 2000 to 130,000 individuals in 2007 and the annual 
average weight has ranged from 2.44 kg in 2016 to 5.21 kg in 1995. Annual estimated 
numbers of non-Chinook salmon have ranged from 13,278 individuals in 2010 to 711,520 
individuals in 2005. Chum salmon (O. keta) typically account for over 95% of the non-
Chinook salmon catch with an annual average chum salmon weight ranging from 1.73 kg 
in 2020 to 3.43 kg in 1995.  In the U.S. groundfish fisheries in the GOA, annual 
estimated numbers of Chinook salmon incidentally caught have ranged from 8,475 
individuals in 2009 to 54,696 in 2010 and the annual average weight has ranged from 
1.77 kg in 2019 to 4.60 kg in 1991. Annual estimated numbers of non-Chinook salmon 
have ranged from 1,274 individuals in 2012 to 64,792 in 1995. Chum salmon typically 
account for over 95% of the non-Chinook salmon catch where the annual average chum 
salmon weight has ranged from 1.95 in 2020 to 4.87 kg in 1999.  Incidental catches of 
Pacific salmonids in foreign and joint venture groundfish fisheries off Alaska are 
presented for 1977–1990. The last joint venture operation took place in 1990 in the BSAI, 
with an incidental catch of 152 salmon.  
 

https://npafc.org/

