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 From the Director 

 1 

 

The School of Aquatic and Fishery Sciences continues to be the leader in research on 
freshwater and marine systems and their management in the nation. The GSS, now in its 25th 

year, is always one of the highlights of the SAFS calendar. Our students are the ultimate 
reflection of the goals and achievements of the School, and the GSS is one of the few times we 

get to enjoy an overview of much of the research taking place across the School.  
 
Our outstanding graduate students continue to pose and then address questions which will 

lead to a better understanding of how species, and marine and freshwater systems operate and 
the impact of human activities on them. The research on which many of the talks during the 

year’s GSS are based represents work conducted before coming to SAFS, parts of theses and 
dissertations, and well as “side” projects. Many of these talks will eventually be written up as 

papers for scientific journals and be presented at national and occasionally even international 
conferences. As before, I am delighted to see that students from the Quantitative Resource 

Ecology and Management Program are both presenting material and helping to organize this 
ever-successful event. 

 
Most of our MS and almost all of our PhD students contribute to or lead papers while they are 

at SAFS, a fact the faculty are extremely proud of. Already, several of the presentations from 
last year’s GSS have led to papers, and I expect that many of today’s presentations will be in 

press by the time of 2015 Graduate Student Symposium.  
 

As in previous years, a very wide range of topics will be covered during the Symposium. Looking 
at the titles for this year’s GSS suggests that identifying the best-of-the-best presentations will 

be as challenging as always. This year, as in the past, we have talks which cover the gamut 
from fieldwork research to laboratory studies to population dynamics research, and the titles of 

today’s presentations are as intriguing as in previous years. I always find that the titles of some 
of the talks catch my attention immediately. The year, I see we will learn how much water a 

river needs and whether dead birds lie (or not). I was also pleased to see at least one talk which 
addresses some of the socioeconomic implications of changes to resource abundance on 

communities. 
 

Well done and thank you to the program committee for setting up an excellent program, to 
those contributing the goodies at the back of the room, and to everyone who is moderating and 

acting at judges. Also, thanks to the Skau family whose gift to the School makes this event 
possible each year.  

I am proud to address you all as Director, and to continue to be part of this vital research 

community. 

 

André E. Punt 
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8:45 – 9:10  Coffee & light breakfast 
 

9:10  WELCOME AND OPENING REMARKS 
Forest Club Room, 207 Anderson Hall  
Dr. André Punt, Director School of Aquatic & Fishery Sciences

 
9:15 – 10:30  Interactions & Dynamics 

Moderator: Kiva Oken 
 
10:30 – 10:45  MORNING BREAK 

  
10:45 – 12:00  Where’s the fish? 

Moderator: Merrill Rudd 
 
12:00 - 1:00  LUNCH 

 
1:00 – 2:00  Physiology & Genetics 

Moderator: Peter Kuriyama 
 
2:15 – 2:30  AFTERNOON BREAK I 

  
2:30 – 3:45  Habitats: from land to sea 
Moderator: Mike Tillotson 

 
3:45 – 4:00  AFTERNOON BREAK II 

 
4:00 – 5:00  Altered Ecosystems 
Moderator: Meryl Mims 

 
5:00  CLOSING REMARKS   

 
5:00 – 8:00  POSTER SESSION & RECEPTION  
Lobby of School of Aquatic & Fishery Sciences 

 

Cover design: Donna Hauser 

This annual event is sponsored by the Skau Endowment, established in memory of Oscar Skau by his 

family and friends. 

The University of Washington is committed to providing access, equal opportunity and reasonable accommodation in its services, 
programs, activities, education and employment for individuals with disabilities. To request disability accommodation contact the 
Disability Services Office ten days in advance at: 206-543-6450/V, 206-543-6452/TTY, 206-685-7264/FAX, or 

dso@u.washington.edu.    

#SAFSgss 

Fieldwork in Ramsey Canyon, AZ 

photo: Meryl Mims 
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SESSION I  
Interactions & Dynamics 

 
9:15 Brooke Davis  

Linking sockeye escapement to resource 
accessibility for terrestrial consumers 
 
9:30 Mark Sorel 

Potential predation risk for anadromous 
salmonids reintroduced in Merwin Reservoir 
on the Lewis River, WA 
 
9:45 Erika Sutherland  

Reproduction and Recruitment of Invasive 
Smallmouth Bass (Micropterus dolomieu) in 
Pacific Northwest Streams 
 

10:00 Carolyn Tarpey 
Phylogeography, Contemporary 
Population Structure and Genomic 

Signals of Natural Selection in Pink 
Salmon 
 

10:15 Tim Walsworth  

Effect of coho salmon predation on sockeye 
salmon productivity in the Chignik River, 
AK 
 
10:30 – 10:45 MORNING BREAK 

 
 

 

 
 
 
 
 
 
 
 

SESSION II  
Where’s the fish? 
 

10:45 Curry J. Cunningham 
New Methods in Estimating Stock-

Recruitment Relationships for 
Anadromous Species 
 

11:00 Peter Kuriyama 
How well do we estimate growth in stock 
assessments? An investigation of using 

empirical weight-at-age data instead of 
modeling parametric growth in statistical 

age-structured population models 
 
11:15 Megsie Siple 

Population structure in Pacific herring in 
Puget Sound, WA 

 
11:30 Timothy Cline 
What makes fishing communities 

resilient to ocean tipping points? 
 
11:45 Merrill Rudd 

Impacts of unreported catch and 
opportunistic sampling on stock 

assessment outputs in the context of 
small-scale fisheries 
 

12:00 - 1:15 LUNCH BREAK 
 

Gape limitation 

photo: Julian Olden 

Ocean Adult Salmon 

photo: Meredith Journey 
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Octopus 

photo: Tom Pool 

SESSION III 
Physiology & Genetics 
 

1:00 Wesley Larson 
Genomic signatures of isolation by 

adaptation in three ecotypes of sockeye 
salmon from southwest Alaska 
  

1:15 Halley Froehlich  
Evaluating hypoxia-inducible factor-1α 
mRNA expression in a pelagic fish, 

Pacific herring Clupea pallasii, as a 
biomarker for hypoxia exposure 

 
1:30 Christopher Monson 
Uncovering novel mechanisms of sex-

steroid induced ovarian follicle growth in 
coho salmon (Oncorhynchus kisutch) 

using high-throughput sequencing and 
pathway analysis 
 

1:45 Eleni Petrou 
Shifting baselines in Puget Sound: 
population abundance of Pacific herring 

and its use by First Peoples over the 
millennia 
 

 
2:00 – 2:15 AFTERNOON BREAK I 

 

SESSION IV  
Habitats: Land to sea 
 

2:15 Erica Escajeda 
Timing is everything: identifying shifts in 
denning chronology of polar bears (Ursus 

maritimus) in Baffin Bay 
 

2:30 Keith Fritschie 
Influences of mean body size and size 
structure variation on consumer control 

of ecosystem functioning 
 

2:45 Meredith Journey 
Testing the trophic gauntlet hypothesis: 
growth rates of juvenile Pacific salmon 

(Oncorhynchus spp.) in Johnstone Strait 
and the Salish Sea 
 

3:00 John Trochta 
Remote sensing determination of optical 

regimes in Lake Superior using a class-
based approach 
 

3:15 Jennifer Ma 

Dead Bird’s Don’t Lie 
 

 

3:30 – 3:45 AFTERNOON BREAK II 
 

3:45 William Chen 
How much water does a river need? 

Optimizing environmental flow releases 
below dams for native fishes 
 

4:00 Stuart Munsch 
Effects of shoreline engineering on 

shallow subtidal fish and crab 
communities in an urban estuary: a 
comparison of armored shorelines and 

nourished beaches 
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4:15 Lauren Wiesebron 
Predicting the unobserved: Biological 

impact characterization at marine 
renewable energy sites 

 
4:30 Laura Twardochleb 
Do Anthropogenic Stressors Drive 

Functional Trait Convergence of Littoral 
Macroinvertebrate Assemblages? 

 
4:45 Mike Vlah 

Food Web Importance of Microbes across a 
Gradient of Terrestrial Loading in Mountain 
Lakes 

POSTER SESSION 
 
5:00 – 8:00 Poster Session & 

Reception at SAFS Lobby 
 
Ben Miller 

Diel methane, carbon dioxide, and 
nitrous oxide fluxes from aquatic 

environments in the draw-down zone of 
the Three Gorges Reservoir 
 

Mike Tillotson 
Life-history plasticity mediates climate 

change impacts in Kvichak River sockeye 

photo: Rachel Hovel 

USGS Marrowstone Marine Field Station 
photo: Halley Froehlich 
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Johnstone Strait 

photo: Meredith Journey 

No more “Beep, Beep” 

Fish Eye View 

photo: Tom Pool 
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William Chen, MS 
 
Major Professor: Olden 
 
How much water does a river need? Optimizing 
environmental flow releases below dams for native 
fishes 
 
Dams provide water security to human societies, 
mitigate dangerous floods, and provide energy via 
hydropower. However, dams also alter the natural 
flow and temperature regimes of rivers to the 
detriment of native fishes and the ecosystem 
functions and services they provide. To mitigate the 
negative impacts of dams, managers have used 
environmental flows – requirements for the quantity 
and quality of released water to sustain aquatic 
ecosystems while balancing human needs. Typically, 
these environmental flows either emulate the natural 
regime prior to dam construction or target specific 
species of concern. However, dam construction has 
favored the establishment of thriving invasive 
populations below dams, which further hinders 
native populations. An approach that considers both 
native and invasive species is required. The Flaming 
Gorge Dam in the Green River is a prime example of 
a large dam that has hampered endangered native 
fishes, such as razorback sucker, and allowed the 
invasion of invasive fishes, such as smallmouth bass. 
The U.S. Bureau of Reclamation needs to allocate 
limited water from the Flaming Gorge Reservoir to 
(1) supply water for human use and hydropower, (2) 
support native fish populations, and (3) 
disadvantage invasive fishes. To minimize the 
complex tradeoffs among these objectives, I develop 
an optimization scheme that incorporates human 
water demands and the response of native and 
invasive fishes to flow and temperature. By 
considering the potential response of both the native 
and invasive fishes that inhabit contemporary rivers, 
managers will be able to better balance human and 
ecosystem water needs. 
 

 
Lower Oak Creek, AZ 
photo: Keith Fritschie 

 
Timothy Cline, MS 
 
Major Professor: Schindler 
 
What makes fishing communities resilient to ocean 
tipping points? 
 
Unexpected changes in resource abundance 
challenge the economies of dependent human 
communities. While tools for detecting regime shifts 
are being developed, our ability to forecast changes 
in productivity will always be severely limited. In 
financial markets, investors buffer against risk and 
uncertainty through portfolio diversification. We 
propose that a similar strategy may stabilize 
economies reliant on renewable resources and 
prevent catastrophic loss from regime changes. Here 
we use a well-known regime shift in the North 
Pacific Ocean around 1989 as a natural experiment to 
examine how fishing portfolios buffer human 
communities against abrupt ecosystem change. We 
use information on catch and earnings from more 
than 100 communities participating in greater than 
400 fisheries monitored by Alaska’s Commercial 
Fisheries Entry Commission. Significant changes in 
ecosystem structure, dominant fisheries, and fishing 
communities followed the shift. We assess whether 
diversification (alpha diversity) and turnover (beta 
diversity) were important for making communities 
more resilient to this large-scale ocean regime 
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change. The results of this research may be important 
for developing political and management systems 
that enable and support diversity and adaptation in 
fishing communities. 
 

Curry J. Cunningham, PhD 
 
Major Professor: Hilborn 
 
New Methods in Estimating Stock-Recruitment 
Relationships for Anadromous Species 
 
Attempts to approximate stock-recruitment 
relationships with the Ricker model in order to 
define MSY-based management goals in Alaska 
commercial salmon fisheries have historically been 
limited by two issues. First, the equilibrium 
(unfished) population size parameter is often poorly 
defined by the time-series of data available, and 
second conditional variation in productivity patterns 
over time are not represented when a single stock-
recruitment relationship is assumed. To overcome 
these two issues, I employed a Bayesian Ricker-type 
stock-recruitment model that incorporates prior 
information on the equilibrium population size from 
paleolimnological sampling of nursery lake 
sediments for isotopic reconstruction of salmon 
abundance prior to enumeration, and allows for the 
stock to exchange between states of alternative 
productivity over time. Transition between 
productivity states is treated as a 1st-order Markov 
process, whereby transition probabilities between 
states may be estimated from the data. Estimating 
elements of the transition probability matrix further 
allow us to estimate the probability of future 
production state occupancy and from that define 
management goals which are robust to future 
variation in production. 
 

Brooke Davis, MS 
 
Major Professor: Schindler 
 
Linking sockeye escapement to resource accessibility 
for terrestrial consumers 
 
Bristol Bay, Alaska provides vital spawning habitat 
for the largest sockeye salmon fishery in the world. 
In addition to their obvious economic value, 

returning salmon also play important ecological roles 
upon re-entering freshwater environments, 
providing important resource subsidies to both 
freshwater and terrestrial consumers. Recent research 
has suggested that higher escapement translates into 
a higher percentage of salmon in bear diets, which 
may lead to greater bear density. However, 
persistent observations of partially consumed salmon 
support the hypothesis that bears become satiated for 
most of the time salmon are present at escapements 
above certain threshold levels, and therefore are 
likely to be time-limited rather than salmon-
limited.  Additionally, previous work has shown that 
mobile predators are likely to benefit from among-
population variability in run-timing, allowing 
consumers to travel across the landscape and exploit 
multiple, discrete, spawning populations in a way 
that would not be possible if all fish spawned at once. 
If consumers are time-limited, we cannot only infer 
benefits to bears based on numerical abundance of 
salmon alone. Here I present a Bayesian hierarchical 
model estimating duration of salmon availability to 
consumers and how it is related to total 
escapement.  The model assumes normal arrival time 
distributions and uses a stream life model to estimate 
escapement from in-stream counts. The stream life 
model integrates two sources of mortality as a 
function of entry date, and is fit to in-stream lifespans 
observed in tagged spawners. 
 
 

 
Iliamna Beach Spawners 

photo: Rachel Hovel 
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Erica Escajeda, MS 
 
Major Professor: Laidre 
 
Timing is everything: identifying shifts in denning 
chronology of polar bears (Ursus maritimus) in 
Baffin Bay 
 
Climate change is dramatically altering the 
phenology—the timing of seasonal activities—of 
species at a rate that may outpace their ability to 
adapt. These effects are especially pronounced in the 
Arctic where the sea ice is rapidly decreasing in 
extent, thickness, and seasonal duration. For polar 
bears (Ursus maritimus), the sea ice serves as a vital 
hunting and migration platform and reproduction is 
directly associated with the timing of ice break-up in 
the spring. Female polar bears time their emergence 
from the den to coincide with the spring seal 
pupping season and solitary adults use the ice to find 
mates. Earlier retreat of the sea ice due to climate 
warming will have cascading effects on the timing of 
these important life history events and could impact 
population stability. The effect of climate change on 
polar bear reproductive chronology is poorly 
understood and research is needed to address this 
knowledge gap in order to determine the role of 
phenological changes in the mitigation/exacerbation 
of polar bear decline in the Arctic. This study will use 
satellite telemetry data collected from the Baffin Bay 
population along with historical data (1991-97) from 
the region to elucidate any shifts in denning 
chronology as a result of earlier sea ice break-up. Our 
specific objectives are to: 1) characterize maternal den 
site attributes; 2) identify den entrance/exit dates 
using temperature and location data; and 3) compute 
denning duration and compare the results to the 
historical data.  
 

Keith Fritschie, MS 
 
Major Professor: Olden 
 
Influences of mean body size and size structure 
variation on consumer control of ecosystem 
functioning 
 

Functional trait ecology provides a promising 
approach to forecast global change effects on 
ecosystem functioning by scaling through the 
biological community. Central to the metabolic 
theory of ecology, body size is a useful trait in 
determining species’ responses to the environment 
and their functional roles in the ecosystem. Per capita 
effects on ecosystem functioning often scale 
nonlinearly with body size, so that large and small 
organisms exhibit disparate functional rates per unit 
mass. However, most studies that use body size to 
estimate ecosystem functioning focus on mean body 
size (MBS), averaging away the potential importance 
of size structure variation (SSV). Likewise, the few 
studies considering SSV fail to account for 
simultaneous changes in the distribution’s MBS. We 
coupled a field survey and simulation to examine the 
independent effects of MBS and SSV on nutrient 
recycling by an invading stream crayfish (Orconectes 
virilis). Crayfishes recycle nutrients at unique N:P 
ratios, reach high abundance, and exhibit significant 
spatiotemporal shifts in size distribution. First, we 
estimated the variation in nutrient recycling 
explained by MBS and SSV after controlling for total 
biomass in a natural population. Second, we 
simulated independent changes in total biomass, 
MBS, and SSV to compare the relative importance of 
each size descriptor to ecosystem functioning under 
different scenarios of biological change. Our findings 
suggest that MBS plays a greater role in functioning 
than SSV. This result likely holds for other functions 
that scale directly with individual body size, and can 
inform traits-based research on the consumer-
mediated consequences of environmental change.           
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Stream Inverts 

photo: Keith Fritschie 

 
 
 
Halley Froehlich, PhD 
 
Major Professor: Essington 
 
Evaluating hypoxia-inducible factor-1α mRNA 
expression in a pelagic fish, Pacific herring Clupea 
pallasii, as a biomarker for hypoxia exposure 
 
Low dissolved oxygen (DO), also known as hypoxia 
(DO < 2mg L-1), is a major environmental threat to 
numerous estuaries. Most research concerning the 
impacts of hypoxia on estuarine species has focused 
on the benthos, where hypoxia is most common. 
However, the pelagic zone is susceptible to the 
effects of hypoxia, but the impacts are not as well 
understood in marine environments. Physiological 
biomarkers may provide a way to gain more detailed 
spatiotemporal information regarding species’ 
exposure to hypoxia. Here, we identified and tested a 
hypoxia-specific responsive gene, hypoxia-inducible 
factor-1α (HIF-1α), to evaluate its potential as a 
biomarker for hypoxia exposure in Pacific Herring 
(Clupea pallasii). We conducted controlled 
laboratory experiments to establish the level of 
elevated gene expression (>1SD normoxic mean), 
exposure amplification (≥2hrs), and reduction rate 
(ca. 24hrs) for hepatic HIF-1α. These experiments also 
indicated approximate lethal hypoxic limits of Pacific 
herring (ca. 2mg L-1, ≥4hrs). We then used these 

findings to evaluate the spatiotemporal patterns of 
HIF-1α expression of Pacific herring in a seasonally 
hypoxia estuary, Hood Canal, Washington. Counter 
to our expectations, gene expression was more 
frequently elevated in regions with moderate to low 
hypoxia. However, consistent with our hypothesis, 
herring from the more severe hypoxic year (2013) 
had a higher probability of having elevated mRNA 
levels. These patterns indicate that HIF-1α mRNA 
levels may not be directly indicative of local water 
quality conditions, but can potentially provide 
insight into hypoxia exposure over broader scales. 
Moreover, this study demonstrates key differences 
and limitations of hepatic HIF-1α as a biomarker for a 
pelagic, highly mobile species versus more benthic 
organisms. 
 

 
Stream Inverts 

photo: Halley Froehlich 

 

Meredith Journey, MS 
 
Major Professor: Young 
 
Testing the trophic gauntlet hypothesis: growth rates 
of juvenile Pacific salmon (Oncorhynchus spp.) in 
Johnstone Strait and the Salish Sea 
 
The trophic gauntlet hypothesis (McKinnell et al., 
2014) suggests that the marine ecosystem in 
Johnstone Strait exists in a state of perpetual 
biological winter due to extreme tidal mixing and 
poor phytoplankton production.  Consequently, 
McKinnell et al. (2014) hypothesized that the 
Johnstone Strait migratory corridor represents a 
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trophic challenge resulting in high mortality for 
juvenile salmon exiting the Salish Sea. I tested this 
hypothesis by measuring plasma concentrations of 
the growth hormone Insulin-like growth factor-1 
(IGF-1) in juvenile Chinook, coho, chum, sockeye, 
and pink salmon. IGF-1 may be used as an index to 
estimate instantaneous growth in juvenile salmon. 
Growth rates were estimated in four regions (from 
southeast to northwest): the Northern Strait of 
Georgia (NSOG), Johnstone Strait (JS), Queen 
Charlotte Strait (QCST), and Queen Charlotte Sound 
(QCSND). These regions correspond to the migratory 
pathway of juvenile salmon exiting the Salish Sea. 
Given the availability of species in each region across 
the sampling years (2012-2014), 12 total comparisons 
were made between JS and NSOG. Of these, all 
showed lower average growth in JS; in 11 of the 12 
comparisons IGF-1 was significantly lower in JS 
(p<0.05). Additionally, 10 total comparisons were 
made between QCST and NSOG. Of these, all 
showed lower average growth in QCST; in 9 of the 10 
comparisons IGF-1 was significantly lower in QCST 
(p<0.05).  These data confirm some aspects of the 
trophic gauntlet hypothesis through discrete 
measures of decreased juvenile salmon growth in 
Johnstone Strait and Queen Charlotte Strait.  
 

Peter Kuriyama, MS 
 
Major Professor: Branch 
 
How well do we estimate growth in stock 
assessments? An investigation of using empirical 
weight-at-age data instead of modeling parametric 
growth in statistical age-structured population 
models 
 
Fisheries stock assessments typically assume fish 
grow according to a theoretical growth curve (e.g., 
von Bertalanffy, Richards, or Gompertz).  In some 
cases, such as Pacific hake (Merluccius productus), 
growth is empirically incorporated into stock 
assessments with weight-at-age data from research 
surveys or fishery observations. Estimating growth 
and incorporating weight-at-age data into stock 
assessments may each bias fisheries reference points, 
provided to decision makers, but these biases have 
not been well studied. Monte Carlo simulations were 
used to identify conditions under which using 

empirical weight-at-age in stock assessments provide 
more robust estimations of stock status and 
management reference points than when growth is 
internally estimated. Results of this research will 
provide guidance to fisheries scientists regarding 
under what circumstances (i.e., fishing pattern, life-
history type, and data availability) it is most 
beneficial to estimate growth within a stock 
assessment rather than empirically incorporate 
growth data. 
 

Wesley Larson, PhD 
 
Major Professor: Seeb 
 
Genomic signatures of isolation by adaptation in 
three ecotypes of sockeye salmon from southwest 
Alaska 
 
Life history diversity within species can significantly 
increase ecosystem stability by buffering 
environmental variability.  However, few studies 
have been able to elucidate the genetic basis of this 
diversity.  Here, we used data from 6,254 genetic loci 
to investigate neutral and adaptive differentiation in 
six populations of sockeye salmon from three distinct 
spawning ecotypes.  Population structure at neutral 
loci was generally partitioned by spawning ecotype 
rather than geography indicating that genetic 
differentiation in this system is driven by a pattern of 
isolation by adaption rather than isolation by 
distance.  Outlier analysis revealed 280 loci that are 
candidates for natural selection.  We are currently 
constructing a genetic linkage map for sockeye 
salmon that will enable us to orient these loci 
throughout the genome.  Additionally, this linkage 
map will facilitate the discovery of genomic regions 
of adaptive divergence that could not be detected 
with the outlier analysis.  These analyses will allow 
us to conduct a detailed investigation of adaptive 
divergence among the spawning ecotypes in our 
study system. 
 

Jennifer Ma, MS 
 
Major Professor: Parrish 
 
Dead Birds Don’t Lie 
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Beached seabird carcasses can be very useful tools to 
provide insight on offshore populations and the 
health of the marine ecosystem. The numbers and 
densities of carcasses encountered by beach 
observers throughout the year have been used to 
identify events of abnormally high beached carcasses 
that indicate unfavorable offshore conditions, 
otherwise known as seabird wrecks. In these high 
carcass encounter rate events, fresh carcasses are 
commonly predominant due to the insurgency of 
recently dead or dying seabirds beaching all at once. 
Certain characteristics of particular body parts or the 
intact status of the carcass are measurable indices of 
carcass freshness that can be examined over time. I 
conducted a nonmetric multidimensional scaling 
analysis to examine the ordination of monthly 
carcass survey results based on similar freshness 
variables.  
 

 
Ben Miller, PhD 
 
Major Professor: Holtgrieve 
 
Diel methane, carbon dioxide, and nitrous oxide 
fluxes from aquatic environments in the draw-down 
zone of the Three Gorges Reservoir    
 
Hydropower reservoirs emit the greenhouse gases 
methane (CH4) and carbon dioxide (CO2).  Organic 
carbon carried by river waters settles in sediments 
when it enters slow-moving reservoir waters.  When 
sediments are exposed to oxygenated water, 
microbes oxidize organic carbon to CO2.  Without 
oxygen, microbes also produce CH4.  Therefore, the 
proportions of gases produced depend on the 
presence of oxygen in water, which varies on a diel 
basis.  Previous studies of CH4 and CO2 emissions 
from reservoirs have been almost exclusively 
conducted during the day.  With Dr. Huai Chen of 
the Chinese Academy of Sciences, this study will 
measure CH4 and CO2 emissions from one of the 
world’s largest reservoirs, China’s Three Gorges. 
Production of CH4 and CO2 in reservoirs varies 
spatially, as well as temporally.  As water levels in 
the Three Gorges Reservoir rise and fall annually, 
20% of the reservoir area around its margins is 
flooded and dewatered.  Senesced biomass in the 
draw-down zone is a rich and regular substrate for 

microbial oxidation.  This study will measure diel 
CH4 and CO2 fluxes from the draw-down zone in 
dissolved and bubble form.  Though studies in other 
reservoirs have taken similar measurements during 
the day, diel differences in 1) photosynthesis, which 
consumes CO2 and produces oxygen, 2) oxidation, 
which consumes oxygen, and 3) atmospheric 
pressure, which may govern bubble release, could 
mean that current estimates of CH4 and CO2 fluxes 
in reservoirs are inaccurate.  Diel measurements will 
contribute to a more accurate understanding of CH4 
and CO2 emissions from hydropower as it expands 
throughout the developing world. 
 

Christopher Monson, MS 
 
Major Professor: Young 
 
Uncovering novel mechanisms of sex-steroid 
induced ovarian follicle growth in coho salmon 
(Oncorhynchus kisutch) using high-throughput 
sequencing and pathway analysis 
 
Contrary to classical thinking in reproductive 
biology, recent studies have revealed a role for 
androgenic steroids in ovarian follicle growth.  While 
many of these studies indicate that androgens have 
growth promoting effects, the potential of their 
aromatization into estrogenic steroids leaves the 
question of specific, direct androgen effects 
unanswered.  Recently, 11-ketotestosterone (11-KT), 
a non-aromatizable androgen,  was shown to have 
growth promoting effects on the coho salmon follicle 
during the transition from primary to secondary 
growth, both in vitro and in vivo.  In order to 
understand the mechanism of this effect, ovarian 
samples from fish that were implanted with pellets  
containing 11-KT were assessed for alterations in 
their transcriptome using Illumina high-throughput 
sequencing and pathway analysis.  After one and 
three days of treatment, 68 and 811 contiguous 
sequences (contigs) respectively, mapping to a total 
of 551 genes, were differentially expressed relative to 
controls. Some of the androgen-regulated genes 
include those encoding proteins implicated in 
hormonal signaling pathways, and genes involved in 
ovarian development.  Several highly regulated 
genes are not identifiable in databases. These results, 
along with analysis of which biological pathways 
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and networks have been altered in response to 11-
KT, gives insights into the fundamental biology of 
reproductive development as well as identify new 
androgen-sensitive targets for further study. 
 

 
Pacific Lamprey 

photo: Meredith Journey 

Stuart Munsch, PhD 
 
Major Professor: Simenstad 
 
Effects of shoreline engineering on shallow subtidal 
fish and crab communities in an urban estuary: a 
comparison of armored shorelines and nourished 
beaches 
 
Shoreline armoring is common worldwide, yet its 
ecological effects have only recently been 
investigated. In this study, we surveyed shallow 
subtidal fish and crab communities at three sites with 
shorelines modified by seawall and riprap armoring 
and at three beaches with no armoring, all along the 
urbanized Elliott Bay shoreline of Seattle, WA (USA). 
Similar to many urban areas there is little natural 
shoreline remaining in Elliott Bay, and beach sites 
were nourished with sediment to approach the 
historical structure of ambient nearshore habitats. We 
visually surveyed fish and crabs along scuba dive 
transects at these sites for eighteen months to 
quantify the composition of their communities and 
the association of fish and crabs with substrate types. 
The community composition and substrate type 
associations were similar among seawall sites and 
distinct from those at nourished beaches. Some 
species were predominantly associated with one 

substrate type (e.g., sand, riprap) and their densities 
at each site corresponded to the availability of this 
substrate type. Our results suggest that hard 
structures in engineered subtidal habitats may 
benefit some species that select for these introduced 
structures despite these structures not occurring 
historically. It is also clear that the creation of 
nourished beaches within armored shorelines can 
maintain different fish and crab communities than 
those associated with armoring, even in highly 
urbanized systems. Our study contributes to a 
growing literature that suggests that shoreline 
armoring and other types of habitat modifications 
affect the value of nearshore habitats and the 
composition of nearshore communities. 
 

 
 
 
 
 
Eleni Petrou, PhD 
 
Major Professor: Hauser 
 
Shifting baselines in Puget Sound: population 
abundance of Pacific herring and its use by First 
Peoples over the millennia 
 
Shifting environmental baselines are generational 
changes in the perceived health of the environment. 
These changing viewpoints of what is “normal” 
complicate conservation and management planning, 
since the scientific study of many ecosystems began 
after humans had already altered those systems by 
extracting resources. Our research will explore 
shifting baselines in Pacific herring (Clupea pallasi), 
an important forage fish in the coastal ecosystem of 
the Pacific Northwest, a cultural keystone species for 
First Peoples, and the target of commercial fisheries 
in the US and Canada. Declines in the abundance of 
herring have likely impacted the wellbeing of both 
wild and human communities. Our research will use 
inquiry methods from the disciplines of genetics, 
archaeology, and anthropology to (i) synthesize local 
ecological knowledge about herring in the Salish Sea, 
(ii) quantify the genetic diversity of contemporary 
populations, and (iii) estimate genetic diversity, 
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distribution, and usage of herring in pre-industrial 
times using ancient DNA.  
 

 
Cambodian Fish 

photo: Tom Pool 

 
 
 
 
 
Merrill Rudd, PhD 
 
Major Professor: Branch & Hilborn 
 
Impacts of unreported catch and opportunistic 
sampling on stock assessment outputs in the context 
of small-scale fisheries 
 
If any information is available for data-poor fisheries, 
it is most often a time series of catch, length 
composition, or mean length of the catch. However, 
catch data for small-scale fisheries are rare and 
unreliable due to the lack of regulation of non-
commercial fisheries and social, ecological, and 
economic factors that drive fishing pressure. Length 
data is relatively easy to collect, and thus length-
based methods have long been used to understand 
fish population dynamics and stock status. Mean 
length models are the basis of a growing body of 
data-poor stock assessment methods. However, 
previously developed mean length methods do not 
directly incorporate the possibility of recruitment 
variation over time. If recruitment is very high one 
year, the mean length of the catch will decrease, and 
the majority of current mean-length models would 
thus estimate population decline. I have developed a 

state-space mean-length model that can estimate 
recruitment as a random effect over time, with data 
inputs including a catch time series, mean length of 
catch, and life history information. I test this model 
given different catch time series trajectories, 
including the episodic pattern typical of small-scale 
fisheries. I then strip the model of catch and mean 
length data to quantify bias and uncertainty from 
underreported catch and episodic samples of mean 
length. This simulation work will be useful for 
application of assessment models in systems where 
unreported catch and opportunistic length sampling 
are common. 
 

Megsie Siple, PhD 
 
Major Professor: Beauchamp & Essington 
 
Population structure in Pacific herring in Puget 
Sound, WA 
 
Understanding mechanisms that stabilize 
populations to environmental change is a key 
concern in ecology, particularly in the world’s 
oceans, which are facing increasingly strong 
pressures from human activities. Demographic, 
functional, or habitat diversity can confer stability 
upon populations via portfolio effects that integrate 
across ecological response diversity and buffer 
against environmental impacts. I examined portfolio 
effects in Pacific herring (Clupea pallasii) in Puget 
Sound using a 40-year time series of biomass data for 
19 distinct spawning population units collected via 
two survey types. Multivariate auto-regressive state-
space (MARSS) model estimates showed 
independent dynamics among spawning 
subpopulations, suggesting that variation in herring 
production is partially driven by local effects at 
spawning grounds. This variation confers a 
stabilizing effect on the overall Puget Sound 
spawning stock; herring are as much as 3 times more 
stable to environmental perturbations than a single 
population unit of the same size. Herring 
populations within Puget Sound are highly 
asynchronous but share a negative growth rate. The 
biocomplexity shown here demonstrates that 
preserving spatial and demographic diversity can 
improve resilience to perturbations in this herring 
population. Portfolio effects in Puget Sound herring 
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may arise from life history variation between 
subpopulations, and it is important to understand if 
populations have similar survival characteristics or if 
those characteristics have changed over time. I am 
currently developing a Bayesian life-history model to 
explicitly estimate the degree of similarity in 
mortality rates among subpopulations, using 
biomass and age composition data. 
 

 
Smallmouth Bass on Nest 
photo: Erika Sutherland 

Mark Sorel, MS 
 
Major Professor: Beauchamp 
 
Potential predation risk for anadromous salmonids 
reintroduced in Merwin Reservoir on the Lewis 
River, WA 
 
In recent years, anadromous salmonid 
reintroductions have been proposed above an 
increasing number of dams, requiring consideration 
of species interactions that may affect salmonid 
production. Trap and haul passage around three high 
head hydroelectric dams was implemented in 2010 to 
reintroduce anadromous salmonids into the upper 
North Fork Lewis River watershed. In addition, the 
utility that operates the dams is considering 
reintroduction of anadromous salmonids into the 
lowest of the three reservoirs (Merwin Reservoir), a 
requirement of their relicensing agreement with the 
Federal Energy Regulation Committee. Information 
on species interactions is needed to evaluate whether 
the net benefit of reintroduction in terms of salmonid 
production is worth the investment in infrastructure 

needed to enable anadromous passage. A study 
conducted in Merwin Reservoir during the 1960s 
indicated that predation on an experimental 
introduction of juvenile Coho salmon (Oncorhynchus 
kisutch) was a significant factor contributing to low 
fry to smolt survival. Northern pikeminnow 
(Ptychocheilus oregonensis), a known predator of 
salmon smolts, are the most abundant fish species in 
Merwin Reservoir. Their abundance is being 
estimated with a mark recapture study, and their 
seasonal diet, distribution, and thermal experience 
have been used in bioenergetics simulations to 
evaluate potential predation losses that could be 
incurred by contemporary reintroductions of juvenile 
Chinook (O. tshawytscha) and Coho salmon. 
Preliminary results suggest that the population of 
potentially-predatory northern pikeminnow (>200 
mm fork length) is approximately 450,000 
individuals. However, the thermal regime may 
provide some reduction in losses of juvenile salmon 
to predation by northern pikeminnow. 
 

 

 
Erika Sutherland, MS 
 
Major Professor: Olden 
 
Reproduction and Recruitment of Invasive 
Smallmouth Bass (Micropterus dolomieu) in Pacific 
Northwest Streams 
 
Interactive effects of climate change and other 
human-caused disturbances are warming streams in 

Tagging Fish on the Lewis River 
photo: Rachel Hovel 
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many parts of the world. As temperature rises, 
resident species must adapt or migrate, resulting in 
altered life history strategies and novel species 
interactions. Exacerbating these changes are 
introduced warm-water predators, such as 
smallmouth bass (Micropterus dolomieu), that 
expand upstream and cause unforeseen and 
unintended deleterious impacts. For instance, in the 
John Day River, Oregon, smallmouth bass have 
appreciably expanded their range upstream and are 
now sympatric with rearing subyearling Chinook 
salmon (Oncorhynchus tshawytscha). Integral to 
understanding and ultimately predicting upstream 
range expansion of smallmouth bass is to better 
elucidate the critical early life history ecology as it 
relates to reproductive success and juvenile 
recruitment. Here, I explore this topic in the John 
Day River (Columbia River Basin) where smallmouth 
bass are occupying the upstream limit of their 
thermal tolerances. My objectives were to 
characterize the leading edge of smallmouth bass 
distribution, determine the critical life history 
attributes of reproductive adults and to quantify 
spatiotemporal variability in nesting patterns and 
juvenile growth. Reporting on a spatially extensive 
(50+ km) longitudinal survey of bass reproductive 
success and potential recruitment, my results suggest 
that juvenile growth potential are more important 
than reproductive success in determining the leading 
edge of bass invasion. My research highlights how 
life-stage specific sensitivities to stream temperature 
are critical for predicting the future distributional 
potential of invasive fishes and ultimately for helping 
guide future management practices. 
 

Carolyn Tarpey, MS 
 
Major Professor: Seeb 
 
Phylogeography, Contemporary Population 
Structure and Genomic Signals of Natural Selection 
in Pink Salmon 
 
To investigate natural selection in wild populations, 
groups of organisms that use the same habitat in 
parallel, separated in time, are ideal but very rare. 
Studying natural selection in a replicated system can 
help us pinpoint which genes are under selection as 
well as which genes are ecologically important to a 

population in a particular environment. It can also 
answer questions about the role that genetic variation 
plays in adaptation to diverse environments, 
ultimately explaining the degree to which the 
environment can cause selection and isolate 
populations. Pink salmon, (Oncorhynchus 
gorbuscha), provide a unique model to study local 
adaptation. Their obligate semelparous two-year life 
cycle leads to even- and odd-year lineages that are 
reproductively isolated; these independent lineages 
generally utilize the same river systems and near-
shore habitat. The even- and odd-year lineages are 
thus temporally isolated but subjected to the same 
selection pressures in identical habitats, allowing 
testing for selection in a group of wild fish that form 
natural replicates in the environment. Using RAD 
sequencing and paired populations, this study aims 
to identify signals of natural selection between the 
lineages. A second goal is to understand the 
contemporary and the historical population structure 
across the range of pink salmon, with specific interest 
in identifying patterns of historical refugia for the 
species. 
 

Mike Tillotson, PhD 
 
Major Professor: Quinn 
 
Life-history plasticity mediates climate change 
impacts in Kvichak River sockeye 
 
Migratory species may be particularly vulnerable to 
climate change because of the need to adapt to 
change across multiple habitats. Furthermore, 
environmental cues often play an important role in 
the timing and success of ontogenetic shifts in these 
species. As a result, it is possible that population-
level productivity in migratory species may show a 
non-linear or otherwise unintuitive responses to 
gradual climate change. For juvenile sockeye salmon 
(Oncorhynchus nerka) residing in Iliamna Lake, 
warmer/ earlier springs result in increased growth 
opportunity and larger body size by the end of the 
summer. However, larger individuals tend to 
migrate to sea at a younger age, but at a smaller 
absolute size. Because mortality associated with 
ocean entry is thought to be strongly size selective 
we hypothesized that warming spring temperatures 
would actually reduce lifetime survival despite 
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increasing juvenile growth.  We explored nearly 50 
years of climate, abundance, size and age 
composition data for the Kvichak River to examine 
the influence of climate variability on juvenile 
sockeye growth, age at seaward migration and 
population productivity. We found that average size 
at ocean entry for Kvichak sockeye has declined 
significantly, largely as a result of decreasing age at 
migration. However, despite evidence of within year 
size-selective marine mortality, this decrease does 
not appear be strongly influencing the productivity 
of the population. These findings suggest that, 
contrary to our hypothesis, increased freshwater 
growth opportunity resulting from a warming 
climate will not negatively impact production of 
Kvichak River sockeye. 

 
John T. Trochta, MS 
 
Major Professor: Branch 
 
Remote sensing determination of optical regimes in 
Lake Superior using a class-based approach 
 
An optical class-based approach was adapted and 
applied to Lake Superior satellite imagery of aquatic 
color radiometry to (1) characterize the main optical 
water types found in Lake Superior from remotely 
sensed data alone, (2) determine the temporal and 
spatial distribution of these states, and (3) interpret 
optical variability in the context of environmental 
drivers. We applied fuzzy clustering to spectrally 
normalized remote sensing reflectance imagery from 
the MODIS-Aqua mission over the January 2003-July 
2011 time period, which resulted in five optical 
classes. Some classes exhibited similar spectral 
shapes and inherent optical properties (IOPs), 
including CDOM absorption and particulate 
backscattering, but contrasted in their geospatial 
manifestations across time. Generally, a gradient was 
observed between class IOP’s with a range from low 
to high values of CDOM absorption and 
particulate backscattering that was distributed 
among the five classes. The ‘bluest’ class with the 
lowest IOP values was most frequently represented 
throughout the entire times series across the 
lake, indicating frequent optically clear conditions for 
Lake Superior. However, other classes associated 
with more optically complex conditions manifested 

important spatial distributions at different times of 
the year. These class dynamics revealed a phenology 
driven by annual biogeochemistry and physical 
phenomena. Namely, extensive mixing events, river 
outflows, circulation, and even phytoplankton 
dynamics can be inferred from the class distributions. 
The results of this study establish a basis that may 
guide future observations and analyses in this and in 
similar systems where sparse in situ optical 
observations cannot completely capture the optical 
variability. 

 
Arizona Tree Frog 
photo: Meryl Mims 

Laura Twardochleb, MS 
 
Major Professor: Olden 
 
Do Anthropogenic Stressors Drive Functional Trait 
Convergence of Littoral Macroinvertebrate 
Assemblages? 
 
Determining the roles of environmental drivers in 
structuring species assemblages remains a central 
theme in community ecology. Research in stream 
macroinvertebrate ecology has focused on using 
species traits to assess community responses to 
environmental drivers. This approach is effective 
because benthic macroinvertebrate communities 
comprise traits enabling their survival in 
predominant environmental conditions; and in 
contrast to taxonomic assemblages, traits are 
comparable across geographic regions. Despite 
advances in traits-based approaches, lake ecology has 
not embraced the use of functional traits to examine 
responses of littoral macroinvertebrate communities 
to environmental drivers. Previous research indicates 
that residential lakeshore development and 
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watershed land-use reduce invertebrate taxonomic 
diversity, yet few studies have linked changes in 
community structure to ecosystem functioning. A 
functional trait approach will help elucidate the 
mechanisms by which anthropogenic stressors 
structure littoral macroinvertebrate communities and 
enable us to relate structural changes to ecosystem 
functioning. Therefore, I will examine the 
composition and diversity of macroinvertebrate traits 
in lakes of the Puget Sound region of Washington 
state, to assess whether lake and watershed 
development drive functional trait convergence in 
littoral macroinvertebrate communities. I focus on 
two questions; do anthropogenic stressors 
homogenize functional traits of littoral 
macroinvertebrate communities by selecting for traits 
associated with resilience; and what are the relative 
roles of stressors at the lake and watershed scales in 
influencing functional trait assemblages? 

 
Michael Vlah, MS 
 
Major Professor: Holtgrieve 
 
Food Web Importance of Microbes across a Gradient 
of Terrestrial Loading in Mountain Lakes 
 
Although microbial recycling of organic matter (the 
microbial Loop) is known to be critical to 
productivity in many lakes, the proportion of organic 
material that is channeled through microbial 
pathways into higher trophic levels is difficult to 
constrain.  Furthermore, the importance of the 
microbial loop to ecosystem productivity as 
terrestrial loading changes is poorly characterized.  
Isotopic tracers are often used to quantify 
movements of organic material through food webs 
but these methods generally cannot distinguish 
microbial pathways.  Essential amino acids in 
consumers bear distinct isotopic markers of synthesis 
by bacteria, fungi, or algae.  By studying the amino 
acid isotopic profiles of zooplankton and fish in 
subalpine lakes, I intend to quantify the role of 
microbes in supporting higher trophic levels in the 
Olympic Mountains.  I will compare nutrient source 
signatures in consumers along a gradient of 
terrestrial loading in several lakes and ponds of the 
Seven Lakes Basin.  I hypothesize that the proportion 
of consumer biomass derived from microbial 

consumption will increase with terrestrial OM 
loading and will be minimal above tree line.  This 
novel application of amino acid isotope analysis 
should remove much of the uncertainty associated 
with estimating microbially-derived fractions of 
consumer biomass, making the microbial loop a 
candidate for study in a new and valuable way.  
 

Tim Walsworth, PhD 
 
Major Professor: Schindler 
 
Effect of coho salmon predation on sockeye salmon 
productivity in the Chignik River, AK 
 
Predator-prey interactions can be primary factors 
affecting the dynamics of fish populations.  As such, 
there have been increasing calls for consideration of 
predator-prey interactions in fisheries 
management.  While Alaskan salmon fisheries are 
generally considered to be well managed, species 
interactions are not explicitly accounted for when 
determining stock specific escapement goals.  The 
Chignik Lakes watershed is home to multiple salmon 
species, including sockeye salmon populations which 
support an economically valuable commercial 
fishery.  For economic and logistic reasons, coho 
salmon are not directly targeted and are not 
explicitly managed in the system (i.e., do not have set 
escapement goals).  However, previous research has 
estimated that juvenile coho salmon consume over 
half of the emerging sockeye salmon fry in Chignik 
Lake annually, thus presenting a potential survival 
bottleneck to the sockeye salmon populations, and 
potentially reducing the productivity of the 
commercial fishery.   Despite such predation 
pressure, statistical tests for the influence of coho 
salmon escapement on sockeye salmon productivity 
reveal no effect.  In the presence of stochastic 
environmental effects, as well as observation error in 
coho salmon escapement estimates, any effect of coho 
salmon predation on sockeye salmon productivity 
may go undetected.  Here, we examine how strong of 
an effect coho salmon predation could be having on 
sockeye salmon populations without being detected 
in the data.  Ultimately, this work can inform 
stakeholders about the potential benefits of a directed 
coho salmon fishery. 
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Lauren Wiesebron, MS 
 
Major Professor: Horne 
 
Predicting the unobserved: Biological impact 
characterization at marine renewable energy sites 
 
Tidal energy is a renewable resource that can help 
meet growing energy demands, but uncertainties 
remain about environmental impacts due to tidal 
technology. Monitoring programs are used to detect 
impacts caused by anthropogenic disturbances and 
are a mandatory requirement of tidal energy project 
operating licenses in the US. Because tidal technology 
is new, studies describing environmental change due 
to tidal devices are scarce, restricting the information 
that can be used to characterize impacts for 
monitoring requirements. We evaluated whether an 

extreme value analysis (EVA) can be used to 
characterize infrequent values from monitoring 
studies that are potentially associated with impacts at 
a tidal energy site. We adapted the EVA approach for 
biological monitoring using an active acoustic dataset 
from Admiralty Inlet, a proposed tidal energy site. 
An objective method to identify extreme value 
thresholds for monitoring metrics was developed. 
Return level plots, which indicate the average period 
that extreme values are expected to appear, and 
uncertainty estimates of the return level predictions, 
were generated using a Bayesian MCMC method. 
Managers and site developers could use this 
approach to characterize rare values that may be 
associated with impacts, and tailor monitoring 
programs to include operational protocols for 
conditions under which these events occur.

 

 
Strait of Georgia 

photo: Meredith Journey
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