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Overview 
Information about the spatial distribution, movement, vertical distribution and predation 

of fishes can help in understanding a species’ population dynamics and in informing its 
management. To add to knowledge gained from a previous study on 17 Chinook salmon in the 
Bering Sea, 20 additional large, immature Chinook salmon (>60 cm) were captured near Dutch 
Harbor, AK and tagged with pop-up satellite archival tags (PSATs). While externally attached to 
the fish, the tags measured and recorded ambient light (for daily geoposition estimates), depth 
and temperature data. On pre-programmed dates, the tags released from the fish, floated to the 
surface of the ocean and transmitted the recorded data to overhead satellites, which was retrieved 
by project investigators. Spatial distribution, movement, depth distribution, thermal environment 
and predation of the tagged Chinook salmon are being analyzed, described and related to 
regional environmental factors. These analyses should provide a more complete understanding of 
oceanic phase of large, immature Chinook salmon in the Bering Sea, which may be useful for 
understanding its population dynamics and susceptibility to interactions with groundfish 
fisheries.  

 
Objectives 
1. To increase the amount of information on oceanic behavior of Chinook salmon in the Bering 
Sea by qualitatively describing the movement, vertical distribution and thermal environment of 
large, immature individuals that have Pop-up Satellite Archival Tags externally attached to them 
 
2. To increase the amount of information on predation on Chinook salmon in the Bering Sea by 
qualitatively describing the locations and frequency of predation on large, immature individuals 
that have Pop-up Satellite Archival Tags externally attached to them. 
 
Methods 

Fish capture and tagging 
From 10 October to 4 November 2017, 20 Chinook salmon were tagged and released on a 

sport fishing vessel, the FV Lucille, near Dutch Harbor, AK in the Bering Sea (Table 1). 
Immediately after capture, Chinook salmon were examined and deemed appropriate for tagging 
if they were >60 cm FL, had no visible bleeding or large external injuries, nor were fin-clipped 
(indicating hatchery origin from outside of western Alaska). For tagging, Chinook salmon were 
carefully removed from the water of the ocean with a knotless-mesh dipnet and placed in a 
custom-fabricated tagging cradle that contained flowing sea water. PSATs were attached to 
Chinook salmon using a “tag backpack” system (described in Courtney et al. 2016). After 
tagging, fish were immediately released headfirst into the ocean. All fieldwork was conducted 
under University of Alaska Fairbanks Institutional Animal Care and Use Committee assurance 
495247 and State of Alaska Fisheries Resource Permit CF-17-110. 



 
Preliminary results 

Summary 
Tagged Chinook salmon were 63–100 cm in fork length (75.6±8.0 cm, mean ±SD). Of 

the 20 tags deployed, 18 (90%) reported to satellites, one (5%) never transmitted, and one (5%) 
transmitted, but provided almost no depth and temperature data (Table 1). Of the 18 tags which 
provided data, one reported on the scheduled pop-up date (Table 1). The remaining tags reported 
prematurely, of which four were from unknown causes, 10 from predation, and three from 
unknown mortality events (Table 1). 

Spatial distribution 

Pop-up locations of tagged Chinook salmon were in the eastern Bering Sea/Aleutian 
Islands (n = 15), and the Gulf of Alaska (n = 4; Fig. 1). Pop-up locations, depth-temperature 
profiles, and most likely movement paths demonstrated that the majority of tagged Chinook 
salmon remained in the southeastern Bering Sea/Aleutian Islands while exhibiting net easterly 
movement, regardless of their time at liberty (Fig. 1, Fig. 2a,b,c). For example, the most likely 
path of one tagged Chinook salmon that was at liberty for 262 days suggested that this fish 
remained in the vicinity of the eastern Bering Sea continental shelf from its deployment in 
November to its pop-up date in July (Fig. 2b; individual track length = 2,581 km). In contrast to 
the Chinook salmon tagged in the eastern Bering Sea/Aleutian Islands that remained there, four 
others swam to the Gulf of Alaska (Fig. 2a, d). Based on their most likely movement paths, these 
tagged fish exited the Bering Sea during the months of December–March (tracks lengths =957–
2937 km). 

Mortality 

Mortality of Chinook salmon was relatively common in the central and eastern Bering Sea, near 
the Aleutian Islands, and in the western Gulf of Alaska (Fig. 3). Based on known visceral 
temperatures and species distribution (Anderson and Goldman 2001; Goldman et al. 2004; 
Goldman and Musick 2008), 7 predation events were attributed to salmon sharks (Lamna 
ditropis) (Table 1; Fig. 4a,b). This inference was based on temperature readings rapidly 
increasing above ambient water of ~4–11°C to 20–26°C then stabilizing at ~25°C. Most likely, 
the only place in the Bering Sea where the ambient temperature is consistently 20–26°C, even at 
depths >0 m, is in the stomach of a salmon shark (Anderson and Goldman 2001; Goldman et al. 
2004).  

One predation event was attributed to a marine mammal 30 days after tag deployment (Table 1; 
Fig. 4c). This inference was based on temperature readings rapidly increasing from ambient 
water temperatures of 5–7°C to ~36°C (Austin et al. 2006; Gales and Renouf 1993; Kuhn and 
Costa 2006). Additionally, two predation events were attributed to ectothermic fish(es), 13–67 
days after release (Table 1, Fig. 4d). Unlike the predation events attributed to endotherms, no 
observable differences in ambient temperatures were found before and after consumption of the 
tagged Chinook salmon. However, abrupt changes in depth occupation that coincided with the 
tags’ light sensor indicating darkness for several days were evident (Fig. 4i,j). Both predators 
exhibited benthic behaviors by remaining at depth windows of ~60–80 m and ~400–480 m 
(Table 1; Figure 4d). 



Discussion 
PSATs provided evidence of low late-marine survival of large Chinook salmon, offering a 
preliminary glimpse into natural mortality of this species caused by sharks, marine mammals, 
and ectothermic fish(es). Most notably, this study provided evidence that salmon shark predation 
may be a substantial source of oceanic mortality of large immature and maturing Chinook 
salmon. Predation by salmon sharks occurred during both the summer and winter, and 
throughout a wide range including the eastern Bering Sea, and near the Aleutian Islands. The 
potentially frequent incidence of salmon shark predation on Chinook salmon is corroborated by a 
previous estimate that salmon sharks have the capacity to consume a considerable proportion of 
salmon (Oncorhynchus spp.) residing in the Bering Sea and Gulf of Alaska on an annual basis 
(Nagasawa 1998). 

Unlike predation by salmon sharks, that have unique internal temperatures, identifying the 
species of marine mammal and ectothermic fish(es) predators is much more speculative. In the 
case of one marine mammal, the predator consumed the largest tagged Chinook salmon in this 
study (100 cm FL), and was found to frequently dive to ~60–120 m during daylight hours. Based 
on this evidence, it is probable that predation occurred by a resident killer whale (Orcinus orca). 
Killer whales are distributed adjacent to the Aleutian Islands, and are known to not only be 
principle predators of Chinook salmon (Adams et al. 2016; Chasco et al. 2017; Ford et al. 1998), 
but also have been shown to consume proportionally more of the largest and oldest Chinook 
salmon than are available in their environment (Ford and Ellis 2006). In the case of predation by 
ectothermic fish(es), predator identification is speculative at best. Based on depth-based 
behaviors after ingestion of the tagged Chinook salmon, predation was likely from large deep-
dwelling fish species, such as a Pacific halibut (Hippoglossus stenolepis) (Seitz et al. 2011) or 
Pacific sleeper shark (Somniosus pacificus) (Hulbert et al. 2006). Unfortunately, the depth-based 
behavior of both species is qualitatively similar, making species identification of the predator 
challenging (Hulbert et al. 2006; Loher and Seitz 2006; Seitz et al. 2011). 

Understanding the potential impact of low oceanic survival of large immature and maturing 
Chinook salmon is important, as it has become dogma that processes in the nearshore 
environment during the early marine phase of Pacific salmon life history largely govern adult 
population dynamics. As a corollary, it is widely assumed that the risk of mortality decreases 
dramatically after the critical periods of ocean entry and first ocean winter, the marine 
environment is relatively safe thereafter, and that effects in this late marine stage have minimal 
impacts on population characteristics, including dynamics and life history traits (Beamish and 
Mahnken 2001). However, recently, declines in both size- and age-of-maturity of Chinook 
salmon have been documented throughout western Alaska (Lewis et al. 2015; Ruggerone et al. 
2016; Siegel et al. 2018). While evidence of size-selective harvest may be driving early 
maturation in Chinook salmon, researchers have hypothesized that additional factors including 
environmental conditions in the ocean and density dependent effects may be increasing late 
ocean mortality, and may be responsible for the decline of older age classes of Chinook salmon 
returning to spawning grounds (Lewis et al. 2015; Ohlberger et al. 2018; Ruggerone et al. 2016). 
Because of the evidence of relatively high rates of late ocean mortality, we hypothesize that large 
apex predators provide a specific mechanism of this mortality, ultimately contributing to the 
decline in size and age of maturity of spawning Chinook salmon. Similarly, predation by 
porbeagle sharks Lamna nasus and Atlantic bluefin tuna Thunnus thynnus on the large oceanic 



life stage of imperiled Atlantic salmon Salmo salar has been hypothesized as an important factor 
hindering the recovery of stocks from Canadian rivers (Lacroix 2014). 

While information collected in this study is qualitative, it provides information useful for 
revisiting assumptions about the ecology of Chinook salmon, and provides information from 
which future hypotheses can be developed. Insights from this study suggest that fisheries 
population dynamics scientists should revisit the assumptions about ocean mortality of Pacific 
salmon, and consider the possibility of low survivorship of older age classes of Chinook salmon. 
Finally, the effects of intense and selective predation on the population dynamics of Chinook 
salmon should be examined in a simulation exercise. 

Project timeline 
At this time we completed all fieldwork and tag data retrieval. Currently full analyses of 

light, depth and temperature data from all tags (this study + previous tagging efforts) deployed in 
the eastern Bering Sea (n =43) is underway. We have not experienced any significant technical, 
schedule or cost problems, thus we are still on target to meet our deliverables. Additionally two 
manuscripts are currently being drafted1,2. 

 
1Seitz, A. C., M. B. Courtney, M. D. Evans, and M. Kaitlyn. In prep. Pop-up satellite 

archival tags reveal evidence of intense predation on large immature Chinook 
salmon (Oncorhynchus tshawytscha) in the North Pacific Ocean. Prepared for 
Canadian Journal of Fisheries and Aquatic Sciences. 

2Courtney, M. B., M. D. Evans, J. F. Strøm, A. H. Rikardsen, and A. Seitz. In prep. 
Behavior and thermal environment of Chinook salmon Oncorhynchus 
tshawytscha in the North Pacific Ocean, elucidated from pop-up satellite archival 
tags. Prepared for Environmental Biology of Fish. 

 
Budget 
Total expenditures to date: $171,491 of $212,684 (as of 5 December 2018). 
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Table 1. Deployment information for pop-up satellite archival tags attached to 20 Chinook 
salmon in the Bering Sea in 2017. 

Tag ID Fork 
length 
(cm) 

Deployment 
date (GMT) 

End date 
(GMT) 

Data daysa Resolution 
(min) 

Percent 
data 
retrieved 

Pop-up reason c 

p172901 83 11/3/2017 3/26/2018 143 10 41 Premature release, 
172902 69 11/3/2017 12/5/2017 32 10 58 Premature release 
p172903 70 10/16/2017 10/25/2017 9 5 85 Premature release 
172904 77 11/2/2017 5/2/2018 181 10 89 Pop-up date reached 
u172905 76 10/16/2017 1/8/2018 85 7.5 43 Premature release 
172906 70 11/3/2017 7/20/2018 260 10 71 Premature release 
p172907 82 10/22/2017 12/28/2017 67 5 74 Premature release 
u172908 80 10/10/2017 2/17/2018 130 10 79 Premature release 
172909 73 10/22/2017     

Missing 
172910 76 10/27/2017 2/23/2018 120 10 49 Premature release 
p172911 81 11/3/2017 11/16/2017 13 10 80 Premature release 
u172912 82 11/3/2017 4/8/2018 156 10 60 Premature release 
p172913 80 10/31/2017 1/6/2018 68 10 43 Premature release 
172914 63 10/19/2017    0 Premature release 
172915 77 11/3/2017 12/2/2017 29 10 84 Premature release 
p172916 65 10/23/2017 12/11/2017 50 10 50 Premature release 
p172917 71 11/3/2017 1/26/2018 84 10 47 Premature release 
p172918 74 10/22/2017 11/2/2017 11 10 82 Premature release 
p172919 70 10/16/2017 10/21/2017 5 5 90 Premature release 
p172920 100 11/4/2017 11/30/2017 26 10 74 Premature release 
a) data days denotes the number of days each PSAT was attached to a live fish         
b) depth and temperature are reported as mean ± standard deviation, with median values in parentheses      
c) “Pop-up date reached” refers to tags that released from fish on their programmed dates. “Premature release” refers to tags that  
triggered a fail-safe mechanism by remaining at a constant pressure (±2.5 m) for a period of 2–7 days. “Missing” refers to tags that failed to 
transmit to satellites and were unaccounted for. 
p) fish whose tag records indicated that it was ingested by a predator 
u) fish whose tag records indicated that it experienced unknown mortality 
 

  



 

Figure 1. All tagging locations (triangles) and end locations (circles; n = 18) of pop-up satellite 
archival tagged Chinook salmon in the Bering Sea in the winter of 2017. Chinook salmon tagged 
near Dutch Harbor were captured by hook-and-line in mid-October to December 2017. 



 

Figure 2 a) Most likely movement paths produced by a Hidden Markov Model for Chinook 
salmon (n = 12) tagged in the Eastern Bering Sea/Aleutian Islands (BSAI) that were at liberty for 
at least 30 days. b, c, d) Examples of individual most likely movement paths (left) and 
temperature at depth (right) of Chinook salmon tagged in the eastern Bering Sea/Aleutian 
Islands. Tag identification numbers are noted in respective panels and correspond to those given 
in Table 1. Vertical dashed lines in depth and temperature time series represent the time of 
transition between geographic regions. BSAI=Bering Sea/Aleutian Islands; GOA=Gulf of 
Alaska. 
  



 

Figure 3. Fates of Chinook salmon tagged with Pop-up Satellite Archival Tags (n =18). Colors 
indicate inferred fates of individual tagged Chinook salmon.  “Alive” refers to Chinook salmon 
that were inferred to be alive when their PSAT popped-up and reported to satellites, while it is 
inferred that the remaining fish were consumed by various predators. Gray triangle denotes tag 
deployment location. 

  



 

Figure 4. Examples of tagged Chinook salmon predation by salmon sharks (a,b), marine 
mammals (c), and ectothermic fish (d). Black circles denote depth measured by the tag and blue 
circles denote temperature. Red dashed lines indicate estimated times of predator consumption 
and subsequent expulsion of Pop-up Satellite Archival Tags. Gray shaded regions represent 
periods of night. Tag identification numbers are noted in respective panels and correspond to 
those in Table 1. 
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