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Thesis Overview 
 

Chinook salmon (Oncorhynchus tshawytscha) populations in the Arctic-Yukon-
Kuskokwim (AYK) region are both culturally and ecologically important and their populations 
have been depressed since 1998 (Gisclair 2009; Hilsinger et al. 2009; Howe and Martin 2009). In 
addition to fewer adult fish returning to rivers, spawning Chinook also have demonstrated 
decreases in age-at-maturity and size-at-age (Lewis et al. 2015; Ohlberger et al. 2018), with the 
changes in age-at-maturity being far greater. The concurrent decline of Chinook salmon stocks 
throughout their range suggests that the marine environment plays an important role in Chinook 
salmon productivity and abundance. One hypothesis for the observed pattern of smaller and 
younger spawners is increasing marine mortality risk for older life stages.  

The specific mechanisms of mortality during the oceanic life stage of salmon species, 
especially after their first year at sea, are poorly understood (Ruggerone et al. 2009; Drenner et 
al. 2012). Some potential causes of marine mortality include: bycatch in marine fisheries, size 
selective harvest, and changes in the predatory gauntlet of the marine environment. Previous 
examinations of these potential drivers (e.g. Ianelli and Stram 2014; Litzow et al. 2016; 
Ohlberger et al. 2018) have not shown a single sources responsible for observed changes. In an 
effort to provide more information about Chinook salmon in the ocean, Seitz et al. (2016) 
outfitted 35 Chinook salmon with pop-up satellite tags (PSATs). Although the tags initially were 
deployed to examine basic aspects of ocean dispersal and behavior, an unanticipated result was 
that 14 tagged fish were consumed by salmon sharks (Lamna ditropis) (Seitz et al. 2016). The 
identification of a single predator species frequently consuming Chinook salmon after their first 
ocean winter provides a basis for evaluating the consumption and selection potential for this 
previously unstudied source of marine mortality.  

Here I aimed to elucidate how much and how selective additional predation would be 
need to be in order to explain the observed age structure changes in Chinook salmon populations 
and to consider that level of predation mortality in light of potential consumption by salmon 
sharks. I hypothesized that age structure changes observed in Chinook salmon populations are 
driven by selective mortality after the first ocean winter and that salmon sharks may impose at 
least some of that mortality. This hypothesis was investigated using the following objectives: 

 



1. Estimate a range of potential per capita annual consumption levels for adult salmon 
sharks. 

2. Examine the response of an indicator Chinook salmon population to predation by 
investigating the sensitivity of the Chinook salmon to predation on different ocean age 
classes. 

 
I addressed the first objective by performing a meta-analysis using available information 

from salmon sharks, other shark species, and other endothermic fishes, and using multiple 
methods to produce estimates of yearly prey consumption per individual, adult salmon shark. 
This multimodel comparison approach addressed the scarcity of information on the species of 
interest by leveraging disparate data sources to generate multiple predictions for the same 
quantity of interest. I addressed the second objective by investigating the potential contribution 
of predators to marine mortality by performing simulations with a modified version of a 
published Yukon River Chinook salmon life cycle model (Cunningham et al. 2018). The existing 
model estimated Chinook salmon survival while accounting for environmental covariates and 
bycatch, but did not fully explain the inter-annual variability in spawning ground age structure. I 
used the existing model as a simulation framework, and inputted additional late marine stage 
mortality to elucidate the magnitude and selectivity of mortality necessary to reproduce the 
observed age structure of an indicator Chinook salmon population for the Yukon River 
watershed. 

 
 
Chapter 1 Abstract: Salmon shark consumption 
 

As a first step towards better understanding the average annual prey consumption for 
individual adult salmon sharks (Lamna ditropis), an apex endothermic predator of North Pacific 
Ocean, we bracket consumption estimates using three methods: 1) daily ration requirement, 2) 
bioenergetic mass balance, and 3) a Bayesian model of shark growth. In the first method, we 
applied ration estimates for related lamnid shark species that yielded salmon shark estimates of 
1461 and 2202 kg·yr-1. The second method used a mass-balance technique to incorporate life 
history information from salmon sharks and physiological parameters from other species and 
produced estimates of 1870 kg·yr-1, 2070  kg·yr-1, 1610 kg·yr-1, and 1762 kg·yr-1, depending 
on assumed diet. Growth modeling used salmon shark growth histories and yielded estimates of 
16,900 kg·yr-1 or 20,800 kg·yr-1, depending on assumed assimilation efficiency. Of the 
estimates, those from the mass-balance may be the most realistic because they incorporated 
salmon-shark life history data and do not produce extreme values. Taken as a whole, these 
estimates suggest salmon sharks have similar energetic requirements to piscivourous marine 
mammals and corroborates conclusions of prior work that endothermic fishes are similar to 
marine mammals in metabolic rate. 



	
 
Figure 1: (Left) Prey consumption estimates in kilograms of prey consumed per year for 
individual adult salmon sharks based on the daily ration requirements for the closely related 
species white sharks and shortfin mako sharks, expressed as point estimates. (Middle) Prey 
consumption estimates for individual adult salmon sharks from the bioenergetics mass-balance in 
kilograms of prey consumed per year, visualized as violin plots containing box and whisker 
plots. From left to right are the ‘low’, ‘low medium’, ‘high medium’, and ‘high’ amount of 
Pacific salmon diet scenarios (Table 4). The bold center line of each box plot is the median while 
the lower and upper hinges are the 25th and 75th percentiles respectively. The whiskers extend 
1.5 times the distance between the first and third quartiles, and any estimates beyond that range 
are plotted individually as points. The shaded area around each box and whisker plot is the violin 
area. The height of the violin area is the total range of consumption estimates and the width of 
the area is a mirrored distribution of consumption estimates. (Right) Prey consumption estimates 
of individual adult salmon sharks from Bayesian growth modeling in kilograms of prey 
consumed per year, visualized as above. From left to right are the estimates using the 
assimilation efficiency estimated for the Tuna family, another endothermic fish, and a lemon 
shark, another elasmobranch. 
 



Thesis Chapter 2 Abstract: Mortality effects on Chinook demographic 
  

Compounding the effects of declines in abundance, individuals within many populations 
of Chinook salmon (Oncorhynchus tshawytscha) are returning to spawn smaller and younger 
than in the past. Parallel shifts in age composition are pervasive throughout the range of the 
species, suggesting that a shared perturbation in the common marine environment may be 
responsible. Here we investigate the potential role of selective mortality after the 1st ocean 
winter to be underpinning observed changes in size structure. To do so we extended an existing 
stage-structured population dynamics model to include additional late marine mortality and 
applied it to a well-studied and important indicator stock of Chinook salmon in the Yukon River 
drainage. Our simulation revealed highly selective mortality occurring during the 3rd year at sea 
may lead to shifts in age composition in returning salmon. The maximum likelihood scenario 
given the observed age structure applied an additional 47% mortality rate during the 3rd year at 
sea and was within three percentage points of the rare ocean-age 1 and 5 returning adults and 9% 
of the more common ocean-age 2, 3, and 4 adult returns. Although the ecological agents of 
selection remain unknown, our finding is consistent with independent observations of wild 
predation events by killer whales (Orcinus orca) and salmon sharks (Lamna ditropis) on 
individuals in their 3rd year at sea. These results provide a quantitative demonstration that 
selective mortality after that first year in the ocean may be responsible for the changes in age 
structure of adult spawners observed in many Chinook salmon populations. Given that age and 
size at maturity are known to be heritable, we suggest that selective late stage marine mortality 
by predators may be driving widespread evolutionary change in this exploited species.    

 
 

Progress: December 2018 
 
 Since my last progress report in January of 2018 I have completed all course 
requirements for both my M.S. in Fisheries and Graduate Certificate in Statistics from the 
University of Alaska Fairbanks. I defended my master’s thesis on September 27th, and officially 
graduated in December. Currently the manuscript of my first thesis chapter, titled “Prey 
consumption estimates for salmon sharks,” is in press in Marine and Fresh Water Research and 
the manuscript of my second chapter, “Selective mortality in the 3rd year at sea may contribute to 
widespread observations of younger returning Chinook salmon,” is in review at Evolutionary 
Applications. Once these manuscripts are published, all deliverables from this project will be 
complete. 
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