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André Punt braves the dunk 
tank at the SAFS Spring Picnic. 

photo: S. Sarkar  

 
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. We produce 
more scientific papers than other similar programs and this is in no small part due to 

our outstanding graduate students. In the last ten years, SAFS graduate students 
were the primary authors or co-authors of 689 peer-reviewed scientific papers in a 
very wide range of journals, ranging from Science and Nature to discipline-specific 

journals such as the Canadian Journal of Fisheries and Aquatic Sciences. SAFS 
students also continue to win many best paper and best presentation awards at major 

conferences and symposia. 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 2014 
Graduate Student Symposium.  

 
The GSS 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 all of the research taking place across the 
School.  

 
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 am particularly interested to learn how crabs are the 
real cause of tectonic plate movement. Most of the year’s GSS talks are by SAFS 

students, but I am pleased to see talks by students from the Quantitative Ecology and 
Resource Management Program as well as by a visiting scholar. 
 

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. 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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Northern pike (Esox lucius) 

photo: Morgan Bond  

 

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  Numbers and Models 

Moderator: Meryl Mims 
 
10:30 – 10:45  MORNING BREAK 

  
10:45 – 12:00  Climates and Changes 

Moderator: Aaron David 
 
12:00 - 1:15  LUNCH 

 
1:15 – 2:15  Impacts and Management 

Moderator:  Donna Hauser 
 
2:15 – 2:30  AFTERNOON BREAK I 

  
2:30 – 3:45  Habitats and Landscapes 
Moderator:  Pascale Goertler 

 
3:45 – 4:00  AFTERNOON BREAK II 

 
4:00 – 4:45  Interactions and Relationships 
Moderator: Rachel Hovel 

 
4:45  CLOSING REMARKS   

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

 

Cover design and photos: Emily Thornton 

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 
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Sablefish (Anoplopoma fimbria) 

photo: Douglas Immerman  

SESSION I  
Numbers and Models 

 
9:15 Tim Walsworth  
Estimating coho salmon escapement to a 

data poor river: A Bayesian hierarchical 
modeling approach 

 
9:30 Kiva Oken 
How detectable is predation in stage-

structured populations? Insights from a 
simulation-testing analysis 

 
9:45 Merrill Rudd  
Stock assessment of coral reef fisheries in 

the U.S. west Pacific islands 
 
10:00 Darcy Webber 

Tag-recapture models and site fidelity: 
What happens when a fish goes on its 

OE? 
 
10:15 Cole Monnahan  

Utilizing historical data to infer cetacean 
biology 

 
10:30 – 10:45 MORNING BREAK 
 

 
 

 
 

SESSION II  
Climates and Changes 
 

10:45 Emma Hodgson 
An ecological risk analysis of ocean 
acidification in the California Current  

 
11:00 Brittany Jones 
Adaptive capacity of tidal wetlands to 

future climate change in Puget Sound: 
Implications for strategic restoration 

 
11:15 Donna Hauser  
Population-specific migration timing and 

space use of two Pacific Arctic beluga 
whale (Delphinapterus leucas) 
populations 
 
11:30 Rachel Hovel 

Thermal regime and climate change 
control demographics and population 
structure in lacustrine fish 

 
11:45 Kale Bentley 

The “Ins” and “Outs” of salmon 
movement: Predator avoidance during 
reproduction 

 
12:00 - 1:15 LUNCH BREAK 

 

Market squid (Loligo opalescens)   

photo: Iris Kemp  
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SESSION III 
Impacts and Management 
 

1:15 Douglas Immerman 
Sablefish (Anoplopoma fimbria) sperm: 

The physiology of activation and the 
development of a cryopreservation 
protocol 

  
1:30 Juliana Houghton  

The relationship between vessel traffic 
and noise levels received by killer whales 
 

1:45 Lauren Wiesebron 
Development and structure of biological 

monitoring programs at three marine 
hydrokinetic sites in the US 
 

2:00 Dale Jacques 
Quantifying risk of extreme pelagic 
nekton encounters with marine renewable 

energy devices 
 

2:15 – 2:30 AFTERNOON BREAK I 

 
SESSION IV  
Habitats and Landscapes 
 

2:30 Stuart Munsch 
Seawalls and piers affect fish and crab 
assemblages and juvenile salmon foraging  

behavior 
 

2:45 Abby Tillotson 
Dams, degrees, and development - oh 
my! Impacts of changing thermal regimes 

on development and emergence timing of 
Chinook salmon 
 

3:00 Adrianne Smits 
Watershed geomorphology influences 

dominant carbon sources assimilated by 
stream consumers 
 

3:15 Wesley Larson 
Genetic signatures of isolation by 

adaptation in sockeye salmon from 
southwest Alaska 
 

3:30 Meryl Mims 

Diverse patterns of functional 
connectivity parallel behavior and life 
history strategies in three desert 

amphibians 
 

3:45 – 4:00 AFTERNOON BREAK II 
 
 

 

 

 

 

 

 

 

Chum salmon (Oncorhynchus keta)  

photo: Rachel Hovel 

Steven (the) Seagull 

Signal crayfish (Pacifastacus leniusculus)   

photo: Keith Fritschie 
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SESSION V  
Interactions and Relationships 
 

4:00 Laura Koehn 
Ecology of forage fish and their 
predators: An economic valuation of key 

forage species in the California Current 
 

4:15 Rachel Arnold 
Evolutionary relationships of the 
enigmatic anglerfishes (order 

Lophiiformes): Mitogenomes vs. 
morphology and the conservation 
implications of altered life histories   

 
4:30 Emily Thornton 

The effects of non-native brook trout on 
coho salmon recolonization of the Elwha 
River, WA  

 

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

Reception at SAFS Lobby 
 
Essington lab 

Crabs: The real cause of tectonic plate 
movement 

 
Pascale Goertler 
Estuarine rearing and growth of juvenile 

Chinook salmon (Oncorhynchus 
tshawytscha) as inferred from otolith 

microstructure 
 

Gary Marston 
One-way barrier migration and the 
interactions between the anadromous 

and resident life history forms of rainbow 
trout (Oncorhynchus mykiss) in the Hood 

Canal, Washington 
 
Laura Twardochleb  

Interactive effects of non-native Chinese 
mystery snail and urban development on 
lake food webs 

 

Lake Kulik   
photo: Rachel Hovel 
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No more “Beep, Beep” 

Sockeye salmon (Oncorhynchus nerka) 

photo: Morgan Bond  

English sole (Parophrys vetulus) 
photo: Halley Froehlich  

Fieldwork on Star Lake 
photo: Keith Fritschie 
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Rachel Arnold, PhD 
 

Major Professor: Pietsch 

 

Evolutionary relationships of the enigmatic 

anglerfishes (order Lophiiformes): Mitogenomes 
vs. morphology and the conservation 

implications of altered life histories 

 

Anglerfishes, Order Lophiiformes, are a 

morphologically diverse group of teleost fishes 

found world-wide from tropical near-shore 
habitats to the deep ocean.  Previous studies 

examining evolutionary relationships within the 

Lophiiformes using morphological and 

mitogenome data are incongruent, especially 

within the deep-sea ceratioid anglerfishes.  In 
this study, I use five nuclear loci to examine 

evolutionary relationships of the Lophiiformes 

and compare the results to the morphological 

and mitogenome studies.  Preliminary evidence 
suggests that the genus Lasiognathus belongs 

within the family Oneirodidae rather than the 
Thaumatichthyidae, and that the Melanocetidae 

and Diceratiidae are sisters, with 

Himantolophidae as sister to them, as reported 

in the mitochondrial study.  Interestingly, 

phylogenetic analyses of the nuclear loci 

sequenced thus far indicate that the families 
Brachionichthyidae and Tetrabrachiidae are 

deeply nested within the frogfish family 

Antennariidae.  Within the Antennariidae, the 

subfamily Histiophryninae appears to be more 

closely related to the Brachionichthyidae and 
Tetrabrachiidae than to the remaining genera 

belonging to the subfamily Antennariinae.  The 

Brachionichthyidae, Tetrabrachiidae, and the 

genera within the subfamily Histiophryninae are 

confined to the Indo-Pacific archipelago and 

have similar life history traits, while the 
remaining genera within the Antennariinae are 

widely distributed and have different life history 

characteristics.  Reproductive modes, ovarian 

morphology, and life history traits are mapped 

onto the phylogeny and conservation 

implications are addressed.  

 

 

Kale Bentley, MS 
 
Major Professor: Schindler 

 
The “Ins” and “Outs” of salmon movement: 

Predator avoidance during reproduction 

 
We investigated the reproductive behavior of 
adult sockeye salmon (Oncorhynchus nerka) and 

the activity of their principal predator, brown 
bears (Ursus arctos), on streams in 

southwestern Alaska.  Specifically, we 

continuously monitored movements of salmon 

between lake habitat, where salmon are 
invulnerable to bears, and three small streams, 

where salmon spawn and are highly vulnerable 

to bears.  Diel movements by adult sockeye 

salmon between stream and lake habitat were 

observed in 51.3 ± 17.7% [mean ± SD] of 
individuals among years and sites.  Fish that 

moved tended to hold in the lake for most of the 

day, and then migrated into spawning streams 

during the night coinciding with the lowest 

occurrence of bear activity on streams.  

Individuals that exhibited diel movements had 
longer average reproductive life-spans than 

individuals that made only one directed 

movement into a stream.  However, the relative 

effect was dependent on the timing and 

intensity of bear predation, which varied among 
years.  When predation pressure primarily 

occurred early in the spawning run (i.e., during 

the height of the diel movements), movers lived 

120 – 310% longer than non-movers.  If 

predation pressure was concentrated later in 

the spawning run (i.e., when most movements 
had ceased), movers only lived 10-60% longer.  

Given the inter-annual variation in the timing 

and intensity of predation pressure, the 

advantages of a particular movement strategy 

will likely vary among years.  Regardless, 
movements by salmon allowed individuals to 

exploit fine-scale habitat heterogeneity during 

reproduction that appears to be a strategy to 

avoid predation on the spawning grounds.  
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Essington lab: 
Halley Froehlich 

Christine Stawitz 
Kiva Oken 

Pamela Moriarty 
Laura Koehn 
Emma Hodgson 
 
Major Professor: Essington 

 

Crabs: The real cause of tectonic plate 

movement 
 
Dungeness crabs (Cancer magister) have long 

been known to bury in sediments to seek 

shelter from predation.  However, the depth of 

their burrows was previously unknown.  In this 

study, we show that Dungeness crabs burrow 

deep into the Earth’s crust, impacting the very 

core of our planet. The coincidence of crab 
distributions with the edges of the Pacific 

tectonic plate strengthens our findings, 

suggesting that Dungeness crab burrowing 

behavior is the main cause for tectonic plate 

movement, earthquakes, and tsunamis in the 

Pacific Rim region. This relationship is not 
specific to Dungeness crab, as other crab 

species have been shown to coincide 

remarkably with oceanic plate edges. Patterns 

of burrowing suggest a crab communication 

network drives concurrency of burrowing 
among crab communities.  This could be 

indicative of a global crab conspiracy, in which 

crabs collude to cause tectonic plate shifts and 

thus destabilize the human infrastructure 

which is responsible for high crab mortality.  
 

Pascale Goertler, MS 
 
Major Professor: Simenstad 

 
Estuarine rearing and growth of juvenile 
Chinook salmon (Oncorhynchus tshawytscha) 

as inferred from otolith microstructure 

 

Estuaries provide juvenile fish species with 

foraging habitat, and refuge from predation or 
other stressful environmental conditions. These 

estuarine rearing fish species cross ecosystem 

boundaries, affecting nutrient movement and 

reinforcing the connectivity between aquatic 

and marine habitats. Here we evaluate the 
condition of estuarine rearing habitat by 

examining the growth of a migratory and 

estuarine rearing fish species. I will be 

discussing preliminary results from a year-

round, estuary-wide study examining the 

growth of juvenile Chinook salmon 
(Oncorhynchus tshawytscha) in 18 freshwater 

tidal habitats throughout the Columbia River 

estuary. I will also be discussing the application 

of otolith mircrostructure methods developed 

for Chinook in the Sixes River Estuary, to 

identify estuarine rearing life history strategies 
in the Columbia River estuary. This landscape 

scale study strives to provide a better 

understanding of the spatial and temporal 

habitat requirements for juvenile estuarine 

rearing salmon, and assist in targeted and 
sustainable solutions for species persistence. 

 

  

Spadefoot toad (Spea multiplicata) 

photo: Meryl Mims 

Pink salmon (Oncorhynchus gorbuscha) 

photo: Morgan Bond 
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Donna Hauser, PhD 

 

Major Professors: Laidre 

 

Population-specific migration timing and space 

use of two Pacific Arctic beluga whale 
(Delphinapterus leucas) populations  

 

Arctic marine ecosystems are at the epicenter of 

some of the most prominent signals of global 

climate change, with unprecedented rates of 

seasonal ice loss occurring over broad regions. 
For the beluga whale (Delphinapterus leucas), a 

broad distribution and foraging flexibility may 

help buffer the species against climate impacts, 

yet populations have a propensity to migrate 

annually to maternally-driven summering areas 

that could be subjected to localized impacts.  
Here, we quantify summer and fall distribution 

and migration patterns for the Eastern Chukchi 

Sea (ECS) and Eastern Beaufort Sea (BS) beluga 

whales.  Both populations conduct extensive 

seasonal migrations into ice-covered regions, 

but the degree of spatial and temporal overlap 
between populations is poorly known.  Analyses 

focused separately on males and females tagged 

with satellite-linked transmitters from 1993-

2007. We estimated monthly kernel density 

home ranges, daily displacement, and migration 
timing. The most striking components of our 

results were the identification of distinct 

summer and fall distribution patterns and 

staggered autumn migration timing for ECS and 

BS whales. We documented a distinct east-west 

shift in focal area use between populations in 
September that persisted into October, with the 

two populations essentially switching positions. 

Autumn migration timing and movements 

underscore the differences in spatial and 

temporal segregation between populations, 
which may be a result of population-specific 

adaptations to dynamically available resources.  

It is unclear how distribution and migration 

timing will change in the context of climate 

change, but this research provides a 

benchmark for further investigations of two 
populations increasingly exposed to a 

transforming ecosystem.   

 

Emma Hodgson, MS 
 
Major Professor: Essington 

 
An ecological risk analysis of ocean acidification 

in the California Current 

 

The oceans are absorbing approximately 30% of 

the carbon emitted into the atmosphere, 
causing temperature changes and ocean 

acidification. However, the realized impact that 

ocean acidification will have on marine 

ecosystems remains largely unknown. Here, we 

adopt a risk-based framework for screening 

species that are most likely to be affected by 
changes in pH based on exposure, sensitivity, 

and life stage analysis. The risk metric adapts 

the existing approach of determining sensitivity 

and exposure by adding a third axis of life stage 

elasticity. This approach allows for an 

investigation of the risk faced by key species in 
the California Current accounting for the 

importance of each life stage for species’ 

success. The California Current is an ideal 

study system for as low levels of carbonate 

saturation already exist within the near-shore 
environment due to upwelling, and species 

currently experiencing low pH will experience 

even lower levels earlier than those in other 

regions of the ocean. Species were selected 

based on ecological and/or economic 

importance.  Result of this analysis, applied to 
Dungeness crab, pink shrimp, pacific hake, and 

euphausiids reveal large differences in risk 

based on life histories and physiological 

tolerance, and also reveal information gaps 

needed to precisely forecast ecological changes 
from acidification. 

 

  

Chinook salmon eggs 
photo: Abby Tillotson  
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Juliana Houghton, MS 
 

Major Professor: VanBlaricom 

 

The relationship between vessel traffic and 

noise levels received by killer whales 
 

Cetaceans that rely on their acoustic 

environment for key life history strategies are 

susceptible to noise effects from anthropogenic 

use such as ecotourism. Endangered Southern 

Resident killer whales (SRKW) are the primary 
target for vessel-based whale-watching in the 

Salish Sea. Vessel interactions and associated 

noise have been identified as potential stressors 

for SRKW. Previous research has indicated that 

both stressors negatively impact SRKW; 
however there is a missing link between vessel 

characteristics/behavior and noise levels 

actually received by individual whales. To 

investigate this relationship, data were collected 

concurrently using mobile remote sensing 

survey equipment packages and digital acoustic 
recording tags. This allowed us to obtain precise 

geo-referenced vessel data and noise levels 

received by the whales. We used linear 

regression to summarize patterns in vessel 

characteristics and relate them to received 
noise levels. Received noise levels (RNL) were 

correlated with the number of vessels. RNL also 

increased when larger vessels were present or 

when vessels were traveling at relatively high 

speed. These findings facilitate improved 

understanding of the contributions of vessel 
characteristics to the noise levels received by 

individual cetaceans. Results from this study 

can be used to refine existing vessel regulations 

in order to better manage SRKW to recovery.  
 

Rachel Hovel, PhD 
 
Major Professor: Quinn 

 

Thermal regime and climate change control 

demographics and population structure in 

lacustrine fish 
 

Temperature governs many processes for fishes, 

including growth, survival, reproduction, and 

trophic interactions with prey or predators. 

Especially in northern latitude systems with 
discrete productive seasons, these processes 

are highly vulnerable to effects of rapid climate 

change, including earlier date of ice breakup 

and warmer water temperatures. Extended 
productive seasons can benefit fish by 

prolonging the period for growth and offering 

the opportunity for multiple breeding events for 

some individuals. Climate effects can be 

particularly pronounced on species with short 

generation times, and changes to life history 
traits like reproductive strategy can complicate 

predictions on how taxa might respond to 

changing environments. In this project, we 

examined the effects of climate-driven habitat 

change on a short-lived fish, the threespine 
stickleback, in large Alaskan lakes. Our 

objectives were to: (1) determine if spring water 

temperature and date of ice breakup control 

threespine stickleback size and age structure at 

the end of the growing season, and (2) 

determine whether timing of stickleback 
reproduction has shifted earlier in the season in 

parallel with shifts in lake ice break up timing. 

We predicted that early ice breakup and warm 

temperatures would be associated with larger 

size at the end of the growing season, earlier 
maturation, and earlier breeding resulting in 

multiple cohorts a year. In addition, we 

hypothesized intra-specific density effects on 

growth rates, potentially confounding 

bioenergetics predictions of increased growth 

with warmer temperatures. Organisms respond 
to environmental changes though many 

mechanisms, and life history modifications may 

play an important but often overlooked role. 

 

Douglas Immerman, MS 
 
Major Professor: Roberts 

 
Sablefish (Anoplopoma fimbria) sperm: The 

physiology of activation and the development of 

a cryopreservation protocol 

 
Sablefish (Anoplopoma fimbria) is a deep-water 

species in the Pacific that commands a high 

commercial value. Limited information is 

available about the male reproductive 

development and sperm physiology of sablefish, 

or how to optimize its use or storage. A better 
understanding of sperm management practices 

for sablefish will allow for greater use of a 

limited sperm supply, increased genetic 
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variation of stocks, increased success of sperm 

transport, increased ease of broodstock 

maintenance in photoperiod manipulated 
facilities, and synchronizing gamete availability. 

To increase the understanding of sablefish 

sperm and allow for optimized management of it 

we 1) determined the conditions required for 

sablefish sperm activation, 2) determined an 

appropriate sperm extender and 3) developed 
an optimized regime for cryopreservation of 

sablefish sperm. Milt was assessed using a 

computer assisted sperm analysis (CASA) 

system. A modified Cortland’s solution was 

used as an extender in all activation and 
cryopreservation tests. Sperm were activated 

with ionic and non-ionic solutions, of varying 

osmolalities, to determine activation 

requirements and to compare the responses (% 

motility and curvilinear velocity) of the sperm to 

the different solutions. Sperm was cryogenically 
frozen using a liquid nitrogen freezing system 

(Crysalys PTC-9500, Biogenics) with a variety of 

cryoprotectants (dimethyl sulphoxide, propylene 

glycol, and glycerol) at two concentrations and 

three freezing rates. This study represents the 
first reported attempt for cryopreserving and 

understanding activation of sablefish sperm 

and these findings should have a significant 

impact on sperm management protocols for 

commercial aquaculture of this species. 

 
Dale Jacques, MS 
 
Major Professor: Horne 

 
Quantifying risk of extreme pelagic nekton 

encounters with marine renewable energy 

devices 

 

High nekton density, such as dense fish 
aggregations, pose the greatest risk of 

encounters with marine renewable energy 

(MRE) devices.  Extreme encounters, 

characterized by large amounts of biomass 

encountering a device over a short time period, 

pose risks to both nekton communities and 
MRE devices.  Variability can be used as a 

metric to identify the risk of extreme 

encounters.  However, observed variability is 

dependent on measurement scale and multiple 

processes operating at one or more scales may 
contribute to the instantaneous temporal 

variability.  Scale averaged wavelet power, an 

application of wavelet transforms that 

quantifies instantaneous variability across 
scales, identifies episodes of peak variability 

and hence biological risk.  Scale averaged 

wavelet power of nekton density, mean vertical 

location, dispersion, and aggregation measured 

from May 9th to June 8th, 2011 by a bottom 

deployed, stationary echosounder at a proposed 
tidal MRE pilot site in Puget Sound, WA are 

used to identify biological risk across 

measurement scales.  Aperiodic peaks in 

nekton variability were associated with 

minimum tidal ranges, shifting the dominant 
scale associated with variability in nekton 

density from diel (24 hour) to tidal (12 hour) 

scales.  Nekton variability identified episodes of 

heightened biological risk that were not 

identified by mean density.  This approach 

enables MRE regulators and developers to 
evaluate the probability of extreme encounter 

events and the temporal scale at which they 

occur, when developing monitoring plans, 

mitigation procedures, and devices robust to 

biological impacts. 
 

Brittany Jones, MS 

 
Major Professor: Simenstad 

 

Adaptive capacity of tidal wetlands to future 

climate change in Puget Sound: Implications for 
strategic restoration 

 

The capacity of ecosystems to naturally adapt to 

climate change and human efforts to maintain 

and restore them will be essential for their 
persistence into the future. Coastal ecosystems, 

such as tidal wetlands, are particularly at risk 

of submergence from sea level rise, increasing 

temperature, and other accelerated climate 

change impacts. In addition to changes in 

climate, humans have extensively altered 
nearshore ecosystems in the past and continue 

to do so today. During the last 200 years, tidal 

wetlands in the Pacific Northwest have been 

drained and converted into dry land for 

agriculture, industry, and housing. In some 
areas of Puget Sound, over 95% of tidal 

wetlands have been lost. The overall aim of this 

research is to provide a tool for strategic 

conservation and restoration of Puget Sound 
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tidal wetlands by conducting a spatially-explicit 

assessment of the adaptive capacity and 

restoration potential of tidal wetlands under the 
influence of future climate change. I will use the 

Puget Sound Nearshore Ecosystem Restoration 

Project’s change analysis geodatabase and Sea 

Level Affecting Marshes Model (6.0.1 beta) to 

assess variation in the opportunity of tidal 

wetlands to transgressively migrate landward 
under future climate change. Transgressive 

migration is controlled by processes such as 

eustatic sea level rise, vertical land movement, 

elevation gradient, and land availability, all of 

which vary extensively over Puget Sound’s 
shoreline. This study will highlight tidal 

wetlands that can be targets for strategic 

restoration in order to maximize restoration 

feasibility and success under the burdens of 

climate change. 

 

Laura Koehn, MS 

 
Major Professor: Essington 

 

Ecology of forage fish and their predators: An 

economic valuation of key forage species in the 
California Current 

 

Forage fish, like anchovy, sardines, and squid, 

provide multiple ecosystem services. First, they 

provide a large proportion of global fisheries 

catch, representing approximately 30% of global 
fisheries landings. At the same time, forage 

species are the main facilitator of energy 

transfer from zooplankton and phytoplankton to 

upper trophic levels. They are also the primary 

food source for a range of predators from 
piscivorous fish to seabirds to marine 

mammals. When fisheries exploit both forage 

fish and their predators, this creates economic 

trade-offs between harvesting forage species 

and leaving them as prey. These economic 

trade-offs are specifically relevant in the 
California Current system (CCS) because the 

CCS has the highest production of predators 

supported by forage species in comparison to 

71 other ecosystems. We will characterize the 

energetic interactions between forage fish, 
predators, and fisheries in the CCS using a 

mass-balanced ecosystem (Ecopath) model. 

Additionally, we will use information from the 

model to quantify the effects of incremental 

increases in forage fish yield on the yields of 

other species in the ecosystem. In the future, 

we can translate changes in yield to economic 
value using ex-vessel prices for market-valued 

predator species. For predators without market 

values (seabird, marine mammals, etc.), we will 

calculate what the prices of these predators 

would need to be in order for forage fish to be 

more valuable when left in the water. 
 

Wesley Larson, PhD 

 
Major Professor: Seeb 

 

Genetic signatures of isolation by adaptation in 
sockeye salmon from southwest Alaska 

 

Parasites and pathogens exert considerable 

selective pressure on wild populations, creating 

a constant arms race.  The genes of the major 

histocompatibility complex (MHC) are an 
important component of this arms race and 

have been found to be under strong natural 

selection in many vertebrates.  Here, we 

sequenced a 350 base pair region of the MHC 

class II peptide binding region to quantify MHC 
diversity in 21 populations of sockeye salmon 

spawning in the Wood River system in 

southwest Alaska.  Preliminary data suggest 

that MHC variation is partitioned by spawning 

ecotype with fish that spawn in streams, rivers 

and beaches displaying markedly different MHC 
genotypes.  Additionally, no isolation by 

distance pattern is present, a result that 

contrasts with many other systems where 

genetic structure is partitioned by nursery lake.  

We propose a mechanism of isolation by 
adaptation driven by environmental differences 

between spawning habitats to explain the 

observed patterns of MHC variation. 

 

  

Larval fish tanks 
photo: Douglas Immerman 
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Gary Marston, MS 
 
Major Professor: Beauchamp 

 
One-way barrier migration and the interactions 

between the anadromous and resident life 
history forms of rainbow trout (Oncorhynchus 
mykiss) in the Hood Canal, Washington 

 

Many species show variations in their life 
history as an evolutionary trait to fully exploit 

the available habitat and act as a buffer to 

environmental conditions. In the Puget Sound 

region of Washington State the anadromous 
form of Oncorhynchus mykiss (steelhead) have 

shown significant declines in abundance and 
are listed as threatened under the Endangered 

Species act, while the resident form (rainbow 

trout) remain abundant and are not listed. 

However the relationship between these two life 

history forms and the implications that one may 

have on the abundance and persistence of the 
other are poorly understood. This study 

investigates the linkage between the two life 
history forms of O. mykiss and their potential 

implications for steelhead recovery. O. mykiss 

in two Puget Sound streams were PIT tagged at 

locations above and below barriers to anadromy 
to assess that rate of migration of stream 
resident O. mykiss into the anadromous 

reaches of the watershed and potential 

contribution to anadromous production. 

Additionally stream conditions such as food 

web dynamics, flow and temperature regimes 
will be compared to the growth rates of both life 

history types to determine if one exhibits 

competitive dominance over the other.  Genetic 

samples will also be collected to determine the 

level of genetic exchange between the life 

history forms. This study will aid in our 
understanding of how these two life history 

forms interact and will inform management 

decisions as efforts to restore the steelhead 

population are undertaken. 

 

Meryl Mims, PhD 
 
Major Professor: Olden 

 
Diverse patterns of functional connectivity 

parallel behavior and life history strategies in 

three desert amphibians 

 

In the American Southwest, amphibians utilize 
a variety of life history and behavioral strategies 

to survive in an arid landscape where water is 

scarce. Do differences in life histories imply 

differential population structure between 

species? How does the landscape affect 

population connectivity, and are those effects 
consistent between species? Quantifying 

population genetic structure provides a 

foundation upon which to test fundamental 

ecological and evolutionary questions like these 

and can inform contemporary conservation 

efforts. I present results of a landscape genetic 
analysis of three desert amphibians common to 

the American Southwest: the Mexican spadefoot 
(Spea multiplicata), the red-spotted toad (Bufo 
punctatus), and the canyon treefrog (Hyla 
arenicolor). These aquatic species span a range 

of behavioral and life history strategies enabling 
them to survive in an arid region. Using a 

combination of genetic and landscape ecology 

approaches, we found that population structure 

and the relationships between functional 

(genetic) and structural (landscape) connectivity 

vary by species. Our results also highlight a 
positive relationship between increasing 

population differentiation and hydrologic 

dependence, e.g. longer larval development 

periods and site fidelity for reliable water 

sources like bedrock pools. Ultimately, 
managing for freshwater ecosystem integrity – 

and conservation of aquatic species – requires 

basic knowledge of population structure and 

connectivity. Describing population structure 

and its relationship with the landscape is an 

important tool in understanding how these and 
other desert amphibians may be affected by 

changing human water and land use practices 

in the region. 
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Cole Monnahan, PhD 
 
Major Professor: Branch 

 
Utilizing historical data to infer cetacean biology 

 

While many basic biological parameters for 

cetaceans can be estimated using non-invasive 

methods, this usually requires many years of 
visual sighting surveys, and can be expensive 

and difficult. However, many of these 

parameters can be estimated directly from 

extensive historical whaling data. The 

International Whaling Commission (IWC) 

historical database contains individual data on 
more than two million whales caught from the 

late 1880s onward. These data include detailed 

information on location, sex, and length of 

adults and number, sex and length of fetuses 

(for pregnant females), for a variety of species. 

For some of the heavily exploited, and still 
vulnerable or endangered species or 
populations such as blue (Balenoptera 
musculus), fin (B. physalus), and sperm 

(Physeter macrocephalus), there are tens of 

thousands of records that can be utilized.  For 

instance fetal growth, sex ratios, and spatial 
distributions of sexes can be determined for a 

variety of species and subpopulations using 

these data. I will summarize the data, propose 

applications of it, and then demonstrate how (1) 

fetal sex ratios provide a direct measure of 

population-level sex ratios, while adult catch 
sex ratios display evidence for sex-segregated 

movements in some species, and (2) fit growth 

curves to fetal length data to estimate 

conception dates, fetal growth rates, parturition 

dates, and length at birth. These data may also 
provide information about historical breeding 

and calving areas, and act as a framework for 

examining population structure. 

 

Stuart Munsch, MS 
 
Major Professor: Simenstad 

 
Seawalls and piers affect fish and crab 

assemblages and juvenile salmon foraging 

behavior 

 

Shoreline modifications such as seawall 
armoring and piers are ubiquitous along 

developed waterfronts worldwide, and recent 

research suggests their ecological effects are 

primarily negative. In this study, we utilized 

snorkel surveys to quantify the effects of 

seawalls and piers on fish and crabs in their 
nearshore habitats of an urbanized estuary in 

Puget Sound, WA, USA. We observed twenty-

one species of fish and crabs April – August 

2012 at nearshore sites modified by seawalls 

and piers and at reference beach sites with 

minimal anthropogenic structures. Modified 
sites exhibited significantly different species 

assemblages compared to reference beaches, 

and at modified sites species distributions and 

assemblages varied with proximity to piers. 

Overall fish abundances were reduced under 
piers and at high tides were greatest in areas 

directly adjacent to piers. Juvenile Pacific 
salmon (Oncorhynchus spp.) were the dominant 

fish species and had reduced abundances and 

foraging behavior under piers, suggesting that 

areas under piers provide reduced ecosystem 
function to these species. Pier shading rather 

than the presence of pier structure governed 

fish distribution, especially at high tide when 

light contrast between shaded and ambient 

areas was greatest, suggesting reduction of 

overwater shading may mitigate these effects. 
These results show that shoreline modifications 

alter species assemblage structures, potentially 

creating novel combinations and abundances of 

species, and may reduce habitat function for 

species that utilize these and similar habitats 
elsewhere. 
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Kiva Oken, MS 
 
Major Professor: Essington 

 
How detectable is predation in stage-structured 

populations? Insights from a simulation-testing 

analysis 

 

The potential for predation to play an important 
structuring role in marine food webs is widely 

acknowledged.  However, tools to detect 

predation effects on prey population dynamics 

remain limited, partly because available 

population data often aggregates a population’s 

age structure into a single total biomass or total 
abundance metric.  Further, prey populations 

may be subject to predation from multiple 

predator species, whose dynamics may not be 

synchronous.  Here, we explored whether stage-

structured predation could be reliably detected 

from time series of total biomass of predators 
and prey.  We simulated age-structured 

populations of four mid-trophic level fish that 

had distinct life history traits, exposed them to 

variable predation at different life stages, and fit 

production models to resulting aggregated data 
to determine how reliably the effects of 

predators could be detected. Predation that 

targets the recruitment and juvenile life stages 

generally led to larger fluctuations in surplus 

production dynamics, and was more detectable. 

However, realistic levels of observation error 
and recruitment stochasticity masked most 

predator signals. Including a second predator in 

the operating and statistical models sharply 

decreased the detectability of both predators, 

even when the signal was easily detected with a 
single predator. We conclude an absence of 

detectable species interactions from biomass 

time series may be largely due to the variability 

and complexity of the populations we study, 

rather than the true absence of an interaction. 

We furthermore recommend simulation testing 
to see if a specific predator is likely to be 

detected before analyzing such data. 

 

Merrill Rudd, PhD 
 
Major Professor: Branch and Hillborn 

 
Stock assessment of coral reef fisheries in the 

U.S. west Pacific islands 

 

Large databases of fisheries data and stock 

assessment parameters, such as the that from 
the U.N. Fisheries and Aquaculture 

Organization and the RAM Legacy stock 

assessment database, are used for meta-

analysis to determine the state of the world’s 

fisheries. However, stocks from small-scale 

fisheries in developing nations are largely 
underrepresented. Although small-scale 

fisheries only represent a small percentage of 

global catch, a large proportion of the world’s 

fishers rely on them for food security and 

livelihood. Using data from gray literature and 

peer-reviewed publications on several coral reef 
fisheries taxa from U.S. islands in the west 

Pacific, including Hawaii, American Samoa, and 

the Marianas Archipelago, I am applying 

assessment models to better understand the 

state of coral reef fishes. Catch data for several 
taxa from these regions comes from Pacific 

Islands Fisheries Science Center reports.  A 

recent peer-reviewed publication estimated 

biomass of many overlapping taxa in 

“populated” and “remote” areas of Hawaii, 

American Samoa, and the Marianas 
Archipelago. I assume these to be equivalent to 

“current’ and “initial” biomass, respectively. 

This information can be used in stock reduction 

analysis (SRA), or other models used for data-

limited populations without age or size 
composition. Data-limited models, such as SRA, 

can be used as a tool to make possible 

conclusions of stock status based on catches, 

recent abundance, and general life history 

information. The results of these assessments 

will be included in the RAM Legacy stock 
assessment database to improve its 

representation of the world’s fisheries. 
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Adrianne Smits, MS 
 
Major Professor: Schindler 

 
Watershed geomorphology influences dominant 

carbon sources assimilated by stream 

consumers 

 

Landscape heterogeneity is increasingly 
recognized as crucial to maintaining 

biodiversity and ecosystem function. In rivers 

and streams, geomorphology and climate 

interact to control basal food web processes 

such as primary production and respiration. 

How watershed geomorphic features affect 
carbon transfer to higher consumers such as 

insects and fish, however, remains poorly 

understood. Streams within the Wood River 

system in Bristol Bay, Alaska, vary widely in 

geomorphic characteristics (ex. gradient, 

substrate size etc.), which affects the 
availability of organic matter to consumers, 

either from primary producers such as algae, or 

watershed sources such as terrestrial vegetation 

and soil carbon. In this system, previous work 

has shown that watershed sources make up a 
larger proportion of the total carbon pool in low 

gradient streams than in high gradient streams. 

However, it is unclear to what extent 

watershed-derived carbon sources are 

assimilated into stream food webs, as they are 

often of lower energetic quality than carbon 
fixed by algal photosynthesis.   I used a 

combination of stable isotope analysis and fatty 

acid analysis to quantify variation in 

assimilation of watershed versus algal carbon 

sources by benthic insects collected from 14 
watersheds in the Wood River system. 

Preliminary results suggest that insects in low 

gradient streams incorporate more watershed-

derived carbon than do insects in steeper 

streams. The proportion of algal-derived fatty 

acids in benthic insects was positively 
correlated with stream slope (R2=0.46), 

suggesting that algal sources are more 

important in steeper streams. Current and 

ongoing work will further explore variation in 

the incorporation of old (i.e. soil) versus recently 
fixed carbon into stream food webs. As human 

activities increasingly homogenize landscapes, 

especially freshwater habitats, it is important to 

understand how changes in the availability of 

different carbon sources will affect productivity 

at multiple trophic levels. 

 
Emily Thornton, MS 
 
Major Professor: Quinn 

 
The effects of non-native brook trout on coho 

salmon recolonization of the Elwha River, WA 

 

The demolition of the Elwha River dams 

provides an unprecedented opportunity to study 

salmonid recolonization on a watershed scale.  
During upriver recolonization, anadromous 

salmonids will encounter resident relatives, 
including non-native brook trout (Salvelinus 
fontinalis).  The life history of the brook trout is 

similar to that of juvenile coho salmon 
(Oncorhynchus kisutch), especially in emergence 

time and habitat preference.  These ecological 

overlaps suggest that the two species might 

compete for space and resources in 

environments where they have neither 

coevolved nor partitioned available niches. 

Electrofishing surveys of the Elwha River and 
its tributaries indicate that brook trout and 

juvenile coho salmon are sympatric on a coarse 

scale, but snorkel observations in pools within 

and near coarse-scale reaches show that the 

species do not share fine-scale habitats in the 

summer.  Preliminary analysis of results from 
dyad competition trials in laboratory streams 

suggest that coho salmon are almost always 

competitively dominant to brook trout, 

regardless of size difference between 

individuals.  Experimental results also showed 
that coho salmon were sometimes competitively 

dominant even when outnumbered by brook 

trout, further suggesting that coho are superior 

competitors for food resources. 

The results of this study will indicate whether 

or not there is a need for brook trout 
management in the Elwha basin, and can be 

applied to all river restoration projects where 

native salmonid species are returning to rivers 

where potential non-native competitors reside. 

 
  



Abstracts 

17 
 

24 TH G raduate S tudent S ymposium 
2013 

School of Aquatic & Fishery Sciences 

2 a
n

n
u

a
l
 

G raduate S tudent S ymposium 
 

School of Aquatic & Fishery Sciences 

Abby Tillotson, MS 
 
Major Professor: Young 

 
Dams, degrees, and development - oh my! 

Impacts of changing thermal regimes on 

development and emergence timing of Chinook 

salmon 

 
The idea that dams are capable of transforming 

habitat and biota on many levels may 

emphasize the need to study species that are 

vulnerable to such changes during early 

development.  For salmon in particular, timely 

progression through early development stages 
leading up to first feeding can determine 

survival.  Also, since salmon return to their 

native stream to spawn, localized regime 

changes could influence genetic and phenotypic 

expression, and possibly spur local adaptation.  

Using a common garden type laboratory 
incubation experiment, I measured hatch and 

emergence timing of four Spring Chinook 

populations originating from Oregon and 

Washington river systems affected by 

hydropower dams.  My main goal is to 
determine if population level differences exist in 

development timing response to different 

thermal regimes: cold, warm, above dam, and 

below dam.  I will be presenting some 

preliminary results. 

 
Laura Twardochleb, MS 
 
Major Professor: Olden 
 

Interactive effects of non-native Chinese 

mystery snail and urban development on lake 

food webs 

 

Non-native species are widely regarded as 
threats to ecosystem structure and function, yet 

recent research suggests that non-native 

species may help maintain food web functioning 

in degraded ecosystems by providing habitat or 

food resources to native species. Lakes in the 
Puget Sound lowlands of Washington State 

have undergone extensive development, with 

concomitant removals of littoral habitat such as 

woody debris and aquatic plants and declines in 

benthic invertebrates, which support fish 

production. With losses of littoral resources, 

consumers in developed lakes become reliant 

on pelagic prey. These dietary shifts may alter 
lake-food web structure and decrease 

abundances and biomass of fish populations. 

Concurrent with urban development, Chinese 
mystery snail (Bellamya chinensis; hereafter 

CMS), first introduced into Washington by 

aquarium hobbyists over 40 years ago, has 
become distributed in hundreds of lakes and 

can achieve very high densities. Because CMS 

are large and abundant, they may be an 

important prey resource in lake ecosystems that 

have lost native invertebrate prey due to 

urbanization; alternatively, their thick shell and 
operculum may make them inaccessible to 

common predators such as crayfish and fish, 

and they would thus represent an energetic 

dead-end. My research uses stable isotope 

analysis and community indices to infer the 
relative and interactive effects of CMS and 

urban development on food web composition, 

structure and function. 

 
Tim Walsworth, PhD 

 
Major Professor: Schindler 

 

Estimating coho salmon escapement to a data 

poor river: A Bayesian hierarchical modeling 
approach 

 

Effective management of fish stocks requires 

knowledge of the life-history and productivity of 

the exploited populations.  Alaskan salmon 
fisheries are managed for target escapement 

goals determined from spawner-recruit 

relationships.   Understanding these 

relationships requires data for annual 

escapement and recruitment from each year 

class.  Area-under-the-curve (AUC) methods are 
employed to estimate annual escapement from 

models fit to daily escapement counts.  

However, when data are unavailable near and 

after the peak escapement date, AUC methods 

are susceptible to error caused by small daily 
variations in escapement.  In such cases, 

external information on peak date, run shape 

and run size can be incorporated in a Bayesian 

framework to inform model predictions.  

Juvenile coho salmon in the Chignik River 

Lakes, AK, prey heavily upon commercially 
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valuable sockeye salmon fry and, as such, there 

is local interest in initiating a directed coho 

fishery to alleviate this predation pressure.  
However, limited understanding of coho salmon 

productivity and annual escapement due to 

seasonal weir removal prevents the 

establishment of reliable escapement targets.  

Here, I apply AUC methods in a Bayesian 

hierarchical modeling framework to estimate 
annual coho salmon escapement in years with 

limited data.  I use data from nearby 

“surrogate” rivers and years with more complete 

data from the Chignik River as prior 

information to inform the model.  The results of 
this analysis can subsequently be used to 

develop a spawner-recruit relationship and 

determine escapement goals for a potential 

directed coho fishery at Chignik. 

 

Darcy Webber, PhD 
 
Major Professor: Punt 

 

Tag-recapture models and site fidelity: What 

happens when a fish goes on its OE? 

 
The assessment models of some fish stocks are 

informed by tag-recapture data. Good tag-

recapture data is generally considered a 

valuable type of data due to its ability to inform 

estimates of population size, growth and 

migration rates. However, tag-recapture 
experiments are expensive and several 

assumptions must be made when using the 

data. This talk focuses on one of these 

assumptions, that tagged fish mix 

homogeneously, and investigates why this 
assumption may not always hold. The root of 

the problem lies in the way that fish and the 

fishers arrange themselves, which is usually far 

from spatially homogeneous. For instance, fish 

move, sometimes a lot. They also tend to assort 

into groups of fish of similar size and aggregate 
in clumps where food and/or habitat is 

available. Some species simultaneously 

undertake mass migrations to spawning 

grounds before returning to where they came 

from, a phenomenon known as site-fidelity. 
Similarly, gradients of fishing mortality occur 

across stock assessment boundaries, or fishing 

mortality can be much higher in spatially 

aggregated clumps as fishermen exploit the 

behaviors of the fish they target. We have 

developed a novel model to simulate some of 

these characteristics in a fishery and have 
focused on a fish population that displays site-

fidelity. This model attempts to develop data 

with a realistic injection of variation and spatial 

complexity in the fish themselves and the way 

fishers exploit them. This will then be used to 

highlight any biases that arise when assessing 
fish stocks undergoing site-fidelity using 

current stock assessment models. 

 

Lauren Wiesebron, MS 
 
Major Professor: Horne 
 

Development and structure of biological 

monitoring programs at three marine 

hydrokinetic sites in the US 

 

Marine hydrokinetic devices are a source of 
predictable, renewable energy, but the 

technologies are still being developed and their 

potential impact on the environment is not 

known. In the US, three tidal energy pilot 

projects have been initiated and a tidal energy 
demonstration project is scheduled to begin in 

Admiralty Inlet, Puget Sound during summer 

2015. As part of the license application process, 

each tidal project developer proposes an 

environmental monitoring program that 

becomes part of their final operating license 
agreement. At this time, there are no federal or 

state requirements detailing what must be 

included in a monitoring program, nor have 

there been studies comparing and contrasting 

the biological components of monitoring 
programs. We examined the structure and 

similarities of three US monitoring plans 

proposed by Snohomish PUD in Washington, 

Ocean Renewable Power Company (ORPC) in 

Maine, and Verdant Power in New York. Our 

results show that monitoring objectives are 
similar among plans, but methods used to 

obtain data vary. We observed that local 

stakeholder interests play a role in determining 

the emphasis in final environmental monitoring 

plans, and these differed among projects. The 
ability to evaluate the success of these 

monitoring programs is hampered by the lack of 

standardization. 
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