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From the Director
It is a pleasure once again to see the highly innovative work being done by students in
SAFS and the Quantitative Resource Ecology and Management Program, highlighted
during this year’s GSS. The GSS is always one of the highlights of the SAFS calendar
as it gives the SAFS family an opportunity to get a glimpse of the work being done in
the various labs and research programs.
Each year I marvel at the variety of talks and posters that I see at the GSS and how
often the titles of those talks and posters turn up in publications that come out of
SAFS. 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. Virtually every year I
am amazed at how many of our publications are authored by graduate students, and
this number keeps increasing. This year is no exception, with publications in peerreviewed journals up 10% compared to 2014 – well done, all.
This year’s talks and posters illustrate how multidisciplinary the SAFS program is,
with talks covering the gamut from environmental impacts on capelin in the Gulf of
Alaska, to the impact of methane in a Cambodian lake, to modelling of likelihood
functions in stock assessments and the performance of catch share programs. The
talks and posters cover projects that range from being in development to being close to
completion, and also cover fieldwork research, laboratory studies, and population
dynamics research. It is particularly pleasing to see work results from ‘side projects’
that are collaborations among students from multiple labs. In that respect, I was
pleased to hear that one of the projects from the 2014 Research Derby has been
accepted for publication in Conservation Letters, and I look forward to seeing the
outcomes of the 2017 Research Derby.
Salmon is once again the ‘modal’ species in this year’s GSS, but small pelagic species,
oysters and crabs are on the menu as well. I am looking forward to learning about
eDNA, ‘climate canaries’ and trends in hydropower, topics that would not been on the
horizon when I joined the School only 15 years ago.
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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#SAFSgss
8:45 – 9:00 Coffee & light breakfast
9:00 WELCOME AND OPENING REMARKS
Forest Club Room, 207 Anderson Hall
Lee Qi, 2016 GSS Coordinator
Dr. André Punt, Director, School of Aquatic & Fishery Sciences
9:15 – 10:15 Session I
Moderator: Emma Hodgson
10:15 – 10:35 MORNING BREAK
10:35 – 12:00 Session II
Moderator: Erika Rubenson
12:00 - 1:00 LUNCH
1:00 – 2:00 Session III
Moderator: Kiva Oken
2:00 – 2:15 AFTERNOON BREAK I
2:15 – 3:15 Session IV
Moderator: Merrill Rudd
3:15 – 3:30 AFTERNOON BREAK II
3:30 – 4:15 Session IV
Moderator: Peter Kuriyama
4:30 CLOSING REMARKS
5:00 – 8:00 POSTER SESSION & RECEPTION
School of Aquatic & Fishery Sciences 2nd Floor X

The only native cray fish in the Pacific Northwest,
the signal crayfish
photo: Mathis Messager

Cover design: Yaamini Venkataraman
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.
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SESSION I
Moderator: Emma Hodgson
9:15 Megsie Siple
Evaluating harvest strategies for small pelagic
fish
9:30 Thiago B. A. Couto
The silent expansion of small hydropower:
global trends, ecological consequences and
policy challenges
9:45 Benjamin Miller
Methane flux and entry into the aquatic food
web (Tonle Sap Lake, Cambodia)

Frozen seine travels up the Ivishak River Alaska
photo: Tyler Dann

10:35 Shelby Richins
10:00 Aneesh Hariharan
Tributary Overshoot and Fallback by
Insights from a dynamic age-structured game
Steelhead in the Columbia Basin
theoretic model for the case of the shared transboundary Pacific sardine fishery
10:50 Adrian Tuohy
Evaluating Commercial Salmon Traps as
Stock-Selective Fishing Tools in the
10:15 – 10:35 MORNING BREAK
Lower Columbia Sub-Basin
11:05 Alex Lincoln
Selective consumption of sockeye salmon
(Oncorhynchus nerka) by brown bears
(Ursus arctos): patterns of optimal
foraging and surplus killing
11:20 Stuart Munsch
Fine-scale ontogenetic habitat shifts in a
nearshore fish community
Juvenile walrus in the Arctic Ocean
photo: Jenny Stern

11:35 Elizabeth Ng
Incorporating random effects into models
for resource selection functions

SESSION II
Moderator: Erika Rubenson

12:00 - 1:00 LUNCH BREAK
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2:15 Emma Hodgson
Density dependence governs when
population responses to multiple stressors
are magnified or mitigated
2:30 Yaamini Venkataraman
Characterizing Physiological Effects of
Multiple Stressors on Crassostrea gigas
in Wild and Lab Settings

Moderator: Kiva Oken

2:45 Megan Hintz
Temporal and spatial distribution of
Olympia Oyster (Ostrea lurida) early life
history in Puget Sound, WA

1:00 Lee Cronin-Fine
Modelling and accounting for different
likelihood functions in relation to timevarying selectivity in size-structure
models

3:00 Mike Tillotson
Exploring the dynamics of fish DNA in
streams: Can environmental DNA be
used to estimate the abundance of
spawning salmon?

1:15 Sean K. Rohan
Limitations of consumption-based
octopus stock assessment in the Bering
Sea/Aleutian Islands fishery
management area

3:15 – 3:30 AFTERNOON BREAK II

Sockeye salmon in the Pedro Bay Bonds, AK
photo: Martin Arostegui

SESSION III

1:30 Peter Kuriyama
The effects of catch shares in North
American multispecies trawl fisheries
1:45 Kelli Faye Johnson
Unemployment rates of data sets and
multi-species stock assessment models
in the management of marine fishes off
the coast of Alaska, USA

SESSION V
Moderator: Peter Kuriyama
3:30 Catherine Austin
Climate Canaries? Distribution, Timing,
and Anadromy of Bull Trout in the
Skagit River Basin
3:45 Martin C. Arostegui
Spatially clustered movement patterns
and segregation of sub-adult Chinook
Salmon with the Salish Sea

2:00 – 2:15 AFTERNOON BREAK I

SESSION IV
Moderator: Merrill Rudd
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POSTER SESSION
5:00 – 8:00 Poster Session &
Reception at SAFS 2nd Floor Kitchen
Charlie Waters
Measuring what matters: linking life
history traits and disease resistance with
genomic variation in Chinook salmon
Lindsay Alma
Physiological responses of the purplehinge rock scallop to increased PCO2 and
temperature
Sampling scallop tissue
photo: Natalie Lowell

4:00 Melanie Davis
Assessing spatiotemporal variation in
foraging opportunities for natural and
hatchery-origin juvenile Chinook
4:15 David W. McGowan
The influence of environmental factors on
the occurrence and density of capelin in
the Gulf of Alaska
4:30 John Trochta
Insights into the dynamics of Atlantic
and Pacific herring following population
collapse

Caitlin Allen Akselrud
Population assessment for 3 commercial
Alaskan species, accounting for age and
length dynamics
Timothy S. Lee
Assessing Responses of Shoreline
Restoration and Armoring Removal on
the Puget Sound’s Coastal
Macroinvertebrates
Jenny Stern
Recurrent Evolution of Venomous Spines
in Cartilaginous Fishes

Orca whale in the San Juan Islands
photo: Megan Hintz

5

Abstract Index
Caitlin Allen Akselrud ................. 7
Lindsey Alma ............................... 7
Martin C. Arostegui ..................... 7
Catherine Austin ......................... 8
Thiago B. A. Couto ...................... 8
Lee Cronin-Fine ........................... 9
Melanie Davis .............................. 9
Courtney Fiamengo ....................10
Aneesh Hariharan .......................10
Megan Hintz ...............................11
Emma Hodgson ..........................11
Kelli Faye Johnson.....................12
Peter Kuriyama ..........................12
Timothy S. Lee ...........................13
Alex Lincoln................................13
David W. McGowan .....................14
Benjamin Miller ..........................14
Stuart Munsch ............................15
Elizabeth Ng ...............................15
Shelby Richins ...........................15
Sean K. Rohan ............................16
Megsie Siple …………………........ 16
Jenny Stern ….………………….... 17
Mike Tillotson ……...….……….... 17
John Trochta .............................18
Adrian Tuohy ..............................18
Yaamini Venkataraman ..............19
Charlie Waters ............................19

Polar bear in the Arctic
photo: Jenny Stern
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Adult Coho Salmon at Suquamish Tribe's Grovers Creek Hatchery
photo: Ken King (USFWS)
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Caitlin Allen Akselrud, MS
Lindsey Alma, MS
Major Professor: Andre Punt
Population assessment for 3 commercial Alaskan
species, accounting for age and length dynamics
Fishery stock assessments are frequently based on
either age-structured population dynamics or lengthstructured dynamics. We have developed and
implemented a model to account for both age and
length dynamics for an individual fishery. An agelength assessment model is unique in its ability to
capture the dynamics of fishing mortality and
natural mortality on fish populations, which are
functions of both length and age. By accounting for
both factors, the age-length model should reduce
estimation bias present in models that only account
for age (or length) dynamics, and assist managers in
achieving statutory goals for fishery management.
Simulation studies have shown that the age-length
models can provide essentially unbiased estimates of
biomass trajectories and have low sensitivity to the
precision of the data. Here we evaluate these models
using the actual data for the Eastern Bering Sea
Tanner crab (Chionoecetes bairdi), Pribilof Island blue
king crab (Paralithodes platypus), and Pacific cod
(Gadus macrocephalus) fisheries. These data include
catches, fishing effort, and survey index, as well as
length-composition and conditional age-at-length.
Survey and fishery data (including several fleets) are
available for each stock. We compare the results of
our age-length model against current stock
assessment model results for each species.

Major Professor: Jacqueline-Padilla Gamino
Physiological responses of the purple-hinge rock
scallop to increased PCO2 and temperature
The global temperature and carbon dioxide levels in
the atmosphere are rising due to anthropogenic
actions. These conditions can impact the survival and
physiology of marine organisms with important
implications to the aquaculture industry. This study
will evaluate the effects of global warming and ocean
acidification on the ecophysiology and microbiome
of the purple-hinged rock scallop (Crassadoma
gigantea), a species with aquaculture potential in the
Northeastern Pacific Ocean. Scallops were collected
offshore of Los Angeles, California. Temperature and
pH were manipulated based upon current ocean
measurements, and IPCC predictions for year 2100.
Live specimens and empty shells were held in tanks
for six weeks in one of four treatments: pH 7.6 and
21.5°C, pH 7.6 and 14°C, pH 8.0 and 21.5°C, and
baseline pH 8.0 and 14°C. Currently we are in the
process of evaluating biomechanical and
physiological traits between treatments by
measuring shell strength, lipid content, gonad
development (histology), and protein expression.
Microbial diversity will be examined using 16S
rRNA and metagenomics sequencing. This study will
provide key insights on how the microbiome,
reproductive, and physiological performance of C.
gigantea are influenced by multiple stressors. These
results will be important to forecast the long-term
biological impacts of global climate change and the
future viability of this species in the aquaculture
industry.

Martin C. Arostegui, MS
Major Professor: Thomas Quinn
Spatially clustered movement patterns and
segregation of sub-adult Chinook Salmon with the
Salish Sea
photo: Emma Hodgens

While Pacific salmon are known for their extensive
marine migrations, some species display much more
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limited alternative patterns, including residence
within interior marine waters. To more clearly define
the scale of movement of these residents, we used
acoustic telemetry to track sub-adult Chinook
Salmon Oncorhynchus tshawytscha, caught in and
released from discrete areas of the Salish Sea. Their
movements were determined from detections at
fixed receivers in central Puget Sound, Admiralty
Inlet, the San Juan Islands, and the Strait of Juan de
Fuca. Cluster analysis of the detections indicated
four groups, with much less commonality of
movement than might be inferred from the
proximity of the tagging locations, which were only
tens of km apart. For example, none of the salmon
tagged in central Puget Sound was detected in the
San Juan Islands and vice versa. Thus Chinook
Salmon occupying central Puget Sound and the San
Juan Islands may exhibit different distributions,
extents of movement, and degrees of basin fidelity.
These results provide information relevant to the
management and conservation of this species, which
is listed as Threatened under the U. S. Endangered
Species Act, and whose movements cross the U. S. –
Canada boundary. These findings may also help
explain variation in organic contaminant levels
among Puget Sound origin Chinook Salmon.
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metrics including drainage area, channel
morphology, and stream temperature from 30
tributaries throughout Washington’s Skagit River
Basin.
This study explores several water temperature
metrics that potentially influence bull trout habitat
use and timing of spawning, including summer
variability, fall maxima, and winter variability.
Direct stream temperature measurements will
contribute to a spatial stream network model to
predict temperatures elsewhere while accounting for
autocorrelation between sites.
Within this framework, analyses will explore the
effect of the thermal regime on spawning phenology
in different tributaries. A final analysis will use
otolith microchemistry to determine whether
maternal anadromy in bull trout predicts offspring
anadromy. I aim to detect age at first migration,
skipped migrations, and any retirement from
anadromy, to help understand the complex life
history of Skagit bull trout in a changing climate.

Catherine Austin, MS
Major Professor: Tom Quinn
Size-selective mortality and stage-specific growth of
juvenile Chinook salmon in Puget Sound
Climate change is likely to affect the distributions of
species adapted to cold water. For a cold adapted
migratory fish at the southern edge of its range,
studies have shown that tributary-scale distribution
can be generally predicted by maximum summer
stream temperatures. However, I am curious
whether other temperature variables may also
influence the distribution of Washington State’s
threatened native bull trout.
An unusually robust population exists in the Skagit
River, where bull trout exhibit highly variable life
histories: resident, fluvial, adfluvial, and
anadromous. I aim to describe patterns of basin-scale
bull trout occupancy using a hierarchy of physical

Commercial fish trap testing on the Columbia River
photo: Adrian Tuohy

Thiago B. A. Couto, PhD
Major Professor: Julian D. Olden
The silent expansion of small hydropower: global
trends, ecological consequences and policy
challenges
The increasing demand for renewable energy is
promoting a rapid global expansion of hydropower
construction, which will have unprecedented
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environmental consequences, especially in
developing countries. Whereas much attention is
focusing on the ecological effects of large facilities,
most of the expansion is based on the construction of
small hydropower plants (SHPs), which are labeled
as a low-impact alternative. Here, we provide the
first global review of the status, trends, and future of
SHPs, as well as a detailed examination of the
ecological literature and environmental policy
related to small hydropower. Our global synthesis
reveals that more than 83,000 SHPs are operating or
under construction across 154 countries, representing
more than 97% of the hydropower installations
across the world. Additionally, there are
considerable disparities among countries’ SHP
definitions that are fundamentally based on arbitrary
thresholds of energy production capacity. Our
results stress that the rapid expansion of SHPs is a
global phenomenon propelled by their fast
construction time and a series of economic and
political incentives. These incentives also include
simplifications in environmental regulations and
licensing procedures. Although it is being assumed
that small hydropower is an environmentally benign
approach to supply sustainable energy demands,
there is emerging evidence of ecological impacts
associated with land inundation, flow alteration,
disruption of habitat connectivity, and cumulative
effects of multiple installations. Thus, we
recommend that stricter regulations and meticulous
analysis of proposed projects combined with
integrated watershed management should
accompany the inevitable expansion of the sector.
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selectivity can be incorporated into estimation
methods through the use of a discrete blocking
design or allowing continuous changes in selectivity
via a random walk or annual variations about mean
selectivity parameter values. Size-composition data
are used to estimate the parameters of the selectivity
curve. Previous simulation studies that evaluated
impacts from selectivity mis-specification used
generating functions for the size-composition data
similar to the assumed likelihood. Differing the
generating and likelihood functions would help
determine which likelihood performs best under all
scenarios. This two-part study compares timevarying versus non-time-varying selectivity in terms
of the performance of stock assessment methods that
are based on size-structured models. The first focuses
on how best to model time-varying selectivity
(constant, blocking design or continuous). The
second explores the effects of using different
likelihoods (multinomial, Dirichlet and multivariate
normal) for size-composition data in relation to timevarying selectivity. The first analysis shows that a
blocking design may be sufficient enough to account
for time-varying selectivity. The second analysis
indicates that it is better to assume either the
multinomial or the Dirichlet likelihood functions
rather than the multivariate normal when the
estimation method assumes constant or time-varying
selectivity.

Melanie Davis, PhD
Major Professor: Dave Beauchamp

Lee Cronin-Fine, PhD
Major Professor: Andrè E. Punt
Modelling and accounting for different likelihood
functions in relation to time-varying selectivity in
size-structure models
Selectivity refers to the probability of a fish of a
particular size or age being caught given that it
encounters fishing gear. There can be considerable
inter-annual variation in selectivity, and not
accounting for this variation can result in biased
estimates of abundance and mortality. Time-varying

Assessing spatiotemporal variation in foraging
opportunities for natural and hatchery-origin
juvenile Chinook
Habitat restoration for juvenile Chinook salmon has
previously focused on promoting estuarine salt
marshes, with one of the primary direct benefits
assumed to be energetic input from terrestrial
invertebrate prey falling onto the water surface;
however, all salmonids exhibit multiple habitat
needs that are life-stage specific. Recovery strategies
may best be guided by restoring a diverse habitat
mosaic where variation in the timing and production
of invertebrate prey can ameliorate unfavorable

9

conditions throughout other parts of the delta. To
obtain detailed knowledge about spatiotemporal
variation in invertebrate prey communities with
respect to the Chinook outmigration, we monitored
seasonal invertebrate abundance and community
structure at five habitat types along the outmigration
gradient in the restoring Nisqually River Delta
(NRD): forested riverine tidal, emergent forested
transition, estuary emergent marsh, delta mudflat,
and eelgrass. This information allowed us to identify
the relative importance of each habitat and its
contribution to foraging juvenile Chinook
populations in the context of the broader landscape
mosaic. Additionally, stable isotope and diet
analyses showed that while natural-origin juvenile
Chinook do, indeed, display a strong reliance on
terrestrial invertebrates, hatchery-origin Chinook
tend to derive much of their energetic intake from
estuarine and nearshore aquatic invertebrates. After
release, hatchery-origin juvenile Chinook can
comprise up to 98% of observed individuals,
suggesting that while terrestrial biomass plays a
more important role for natural-origin Chinook in
freshwater habitat, competition for resources may be
intensely focused on aquatic prey during their
residence in the estuary.
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Climate change threatens seafood aquaculture and
the livelihoods it supports. Understanding whether
currently farmed species have the ability to
acclimatize to future ocean conditions and if certain
genotypes are more favorable for adaptation will
give insight into the future of the aquaculture
industry. The economically and ecologically
important Mediterranean mussel (Mytilus
galloprovincialis) has a wide geographic range
allowing us to study the physiology and thermal
tolerance of genotypes grown across different
latitudes. In this study, we performed selective
breeding experiments crossing mussels from
Marshall, California and Long Beach, California
which experience ocean temperatures of about 14°C
and 18°C respectively. Offspring from different
crosses were exposed to thermal stress by gradually
increasing temperatures to 28°C. After 18 hours of
exposure, offspring from Long Beach had a 20%
survival rate whereas offspring from Marshall had
an 8% survival rate. These results suggest local
adaptation may play an important role in the thermal
tolerance of M. galloprovincialis. Future studies will
be performed to understand the role of maternal vs.
paternal effects in the thermal tolerance of the
offspring. These studies will help mussel farmers
enhance the selection of temperature resistant
genotypes and improve survival and growth of
mussels under future warmer ocean conditions.

Aneesh Hariharan, PhD
Major Professor: Vince Gallucci
Insights from a dynamic age-structured game
theoretic model for the case of the shared transboundary Pacific sardine fishery
photo: Casey Clark

Courtney Fiamengo, MS
Major Professor: Jacqueline Padilla-Gamiño
Genetic Rescue in warming oceans for Mytilus
galloprovincialis

In this talk, a bio-economic model is developed for a
shared trans-boundary fishery. Games are
introduced in the bio-economic model by posing a
set of inter-dependent non-linear optimal control
problems for three scenarios; Non-cooperative
games, cooperative games and myopic games. The
objective function of the stated optimal control
problems are age-dependent time-varying rent
maximizing functions and the underlying fish
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population constraint is described by a generic time
varying age-structured stochastic Beverton-Holt S-R
relationship. The models are applied to the transboundary Pacific sardine (Sardinops sagax) fishery in
a parametrized simulation study. The stakeholders in
the Pacific sardine fishery are USA and Canada (2players). Results indicate that (a) a cooperative game
is not the optimal outcome for a range of bargaining
positions induced by the players (b) The Nash
Bargaining Solution is asymmetric as expected and
(c) a cooperative game would be optimal for all
ranges of bargaining positions in the presence of a
transfer payment mechanism.

Megan Hintz, MS
Major Professor: Steven Roberts & Bonnie Becker
Temporal and spatial distribution of
Olympia Oyster (Ostrea lurida) early life
history in Puget Sound, WA
Olympia oysters (Ostrea lurida), a species of concern
in Washington State, have failed to fully recover after
both over exploitation and environmental
degradation. Although state agencies and
environmental groups in Washington have made it a
priority to restore O. lurida because they are the only
native to the west coast of North America and
provide key habitat and ecosystem services to the
Puget Sound, our understanding of O. lurida larval
temporal and spatial distribution remains limited.
The early stages of the Olympia oyster play a key
role in their restoration because it is the only stage
where they can disperse to other populations. The
Olympia oyster broods their larvae for 10-12 days
before releasing free swimming planktonic larvae
into the water, which then settle out of the water
after 3-8 weeks. Reproduction was monitored at two
locations in Puget Sound, Dyes Inlet in central sound
and Fidalgo Bay in north sound, during summer of
2015. Three stages of reproduction were monitored;
reproductive adults, planktonic larvae, and
recruitment. This data allows us to compare and
contrast two populations of O. lurida in a complex
estuary and draw hypothesis about larval dispersal.
There was low level of reproduction throughout the
season, although peaks were observed in all
reproductive stages and could be tracked through
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time. These observations indicate that larvae are
retentive on relatively small scales, which we will
test further using elemental fingerprinting.

Emma Hodgson, PhD
Major Professor: Tim Essington
Density dependence governs when population
responses to multiple stressors are magnified or
mitigated
A critical challenge for ecologists in the
Anthropocene is understanding and predicting how
populations and species will respond to novel
stressors in their environment. This challenge is
pronounced by the fact that most populations are
exposed to multiple anthropogenic stressors.
Extensive research has investigated consequences of
multiple stressors on single biological processes,
frequently focusing on individual life stages. Less is
known about population-level consequences,
especially when exposure varies through life. By
applying a novel population modeling framework,
we reveal conditions under which population
responses from stressors applied to distinct life
stages are either magnified (synergistic) or mitigated,
depending critically on the shape of density
dependence. Stressors are magnified when density
dependence is linear or convex, and magnified or
mitigated when it is concave. These findings result
solely from interactions of demographic rates. We
provide biological evidence for different shapes of
density dependence across eight diverse species,
indicating our results are widely applicable across
taxa. This work introduces a framework that can be
used to identify species at risk of magnified effects
from multiple stressors.

photo: Emma Hodgson
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Kelli Faye Johnson, PhD
Major Professor: André Punt
Unemployment rates of data sets and multi-species
stock assessment models in the management of
marine fishes off the coast of Alaska, USA
Multi-species stock assessment frameworks that use
standard statistical tools and are fit to the same data
as their single-species counterparts are rapidly
developing and may signify the path of least
resistance towards an ecosystem approach to
fisheries management. Nevertheless, the transition
from a single-species to a multi-species framework
faces many obstacles including, but not limited to, (a)
increased data requirements, (b) increased
uncertainty, (c) decreased transparency, and (d) the
inability to generate traditionally used management
reference points. Monte-Carlo simulations will be
used to quantify the effect of including more than
one species in a stock assessment model. Simulations
will be based on a statistical catch-at-age multispecies stock assessment framework that fits to dietcompositions, which are often numerous and highly
variable, as well as traditional length- and agecompositions. Diet data can be excluded from the
model (i.e., become “unemployed”) and the status of
each species can be estimated in turn. Simulations
will focus on how to appropriately weight diet data
when it is clear that information from the stomachs
of individuals caught within a given tow are not
independent of each other (i.e., one would expect
that stomach samples from individuals within a tow
would be more similar than stomach samples from
tows separated by space or time). Results should be
of interest to both stock assessment scientists and
fisheries managers given that biased estimates of
stock status can lead to ill-informed management
reference points.

Peter Kuriyama, PhD
Major Professor: Trevor Branch
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Catch shares eliminate the race to fish, which should
achieve positive economic and ecological impacts but
can result in negative social consequences. Catch
shares should reduce the number of vessels, extend
the fishing season, and grant fishers more flexibility
in timing fishing and selecting fishing sites. The U.S.
Northeast multispecies fishery and U.S. West Coast
groundfish fishery transitioned to catch share
management in 2010 and 2011, respectively. Here, I
analyze vessel monitoring systems (VMS) data from
the U.S. northeast multispecies and logbook data
from the West Coast groundfish fisheries to evaluate
the extent fishers (1) distribute fishing effort across
time and (2) explore and fish in new areas.
Preliminary results indicate that there was little
change in the distribution of fishing effort within the
season after catch share implementation in both
fisheries. One possible explanation is that the risks of
exceeding individual quotas for overfished species
remain so high that fishers are continuing to fish as
they have historically. These preliminary results
identify conditions under which the economic
benefits of catch shares may not actualize and
suggest management conditions that might be
adjusted to improve prospects in the future.

Sunset on the Oregon Coast
Vincent Jobin

Timothy S. Lee, MS
Major Professor: Ryan P. Kelly

The effects of catch shares in North American
multispecies trawl fisheries

12

Assessing Responses of Shoreline Restoration and
Armoring Removal on the Puget Sound’s Coastal
Macroinvertebrates
Coastlines around the world are experiencing rapid
population growth and development, including
modification through shoreline armoring. These
armored structures (i.e. bulkheads, riprap) have been
associated with biodiversity loss and decrease of
ecosystem services. Over 25% of the Puget Sound’s
coastlines in Washington, USA are estimated to be
armored. However, in recent years, some shorelines
in the Puget Sound have undergone restoration
through complete armoring removals and replanting native vegetation. While past literature has
indicated that biodiversity formerly lost to
development such as levees and dams can recolonize in areas after restoration, the true extent of
biotic response to shoreline restoration through
armoring removal has not been thoroughly
reviewed. Using Cohen’s D effect size statistic, we
focused on six restored shorelines and assessed
whether these restorations have elicited positive
responses of shoreline macroinvertebrates, since
these organisms are considered to be important
indicators of coastal ecosystem health. Our findings
suggest that restoration is often followed by rapid
positive response within macroinvertebrates in terms
of counts & richness, but the degree of their response
during subsequent years can vary. Understanding
these variations of response after restoration can
improve current shoreline management methods to
ensure long-term preservation of shoreline
biodiversity & ecosystem services.
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predators repeatedly kill and abandon prey without
any consumption. This surplus killing behavior
appears to conflict with optimal foraging theory,
since prey-capturing costs are not counterbalanced
with the energetic gains of consumption. Despite
appearing to be on two opposing sides of the
foraging spectrum, these two perspectives may not
be entirely incompatible. Observations of brown
bears (Ursus arctos) foraging on sockeye salmon
(Oncorhynchus nerka) reveal that both partial
consumption and apparent surplus killing are
commonplace, but investigation of these postcapture consumption choices in the bear-salmon
predator-prey system is understudied. Utilizing 21
consecutive years of data from sockeye carcass
surveys in southwestern Alaska, I am investigating
bear consumption of salmon with variation in prey
quality (fish size and condition) and environmental
quality (salmon density and ease of capture). I
predict that the amount of each fish consumed will
decrease with increases in fish density, fish size, and
ease of capture and with decreasing fish condition.
Apparent surplus killing behavior may also increase
under these same conditions. Beyond this study’s
importance to basic ecology and foraging theory, an
understanding of partial consumption patterns has
broader ecosystem implications in determining
nutrient and food availability for terrestrial and
aquatic scavengers.

Alex Lincoln, MS
Major Professor: Tom Quinn
Selective consumption of sockeye salmon
(Oncorhynchus nerka) by brown bears (Ursus arctos):
patterns of optimal foraging and surplus killing
Patterns of partial consumption are observed across
taxa and are frequently attributed to optimal
foraging theory, in which predators maximize net
energy intake given the costs and benefits associated
with each prey item. However, in some species,

Mount Si from the Snoqualmie River
photo: Elliott Koontz
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David W. McGowan, PhD
Major Professor: John Horne
The influence of environmental factors on the
occurrence and density of capelin in the Gulf of
Alaska
As part of the Gulf of Alaska Integrated Ecosystem
Research Program (GOAIERP), this study
investigated the influence of environmental factors
on capelin (Mallotus villosus) distributions over the
continental shelf east of Kodiak Island. Capelin
distributions were quantified during an acoustictrawl survey conducted in summer and fall of 2011
and 2013. A generalized linear mixed model
(GLMM) with random effects for spatial covariance
was used to quantify differences in capelin non-zero
densities between years and seasons as a function of
bottom depth. Densities were significantly higher in
2013 compared to 2011. Capelin distribution
patterns were similar in summer of both years with
relative densities highest over shallow banks (≥100m
depth). In contrast, densities were highest over
troughs (100-300m depth) in fall. A spatial deltaGLMM was used to quantify the influence of
environmental predictors on variability of
measurements of capelin occurrence and density.
Bottom temperature and chlorophyll-a concentration
had the greatest influence on the probability of
occurrence in summer. Proximity to the edge of
banks/troughs had the greatest influence on capelin
density in summer, while surface temperature and
predator density were also identified as influential
predictors. Our results indicate that age-1 capelin
were more likely to aggregate over shallow waters
near the edges of banks that experience relatively
strong mixing and high primary production in
summer. Densities of age-2+ capelin were more
likely to occur over deeper waters within troughs
that were more stratified.
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During the Lower Mekong River’s annual floodpulse, the surface area of Cambodia’s Tonle Sap Lake
(TSL) expands nearly tenfold. This creates steep
horizontal and vertical redox gradients conducive to
methane production and oxidation in formerly dry,
terrestrial floodplain environments. Methanogens
and methanotrophs adapted to these redox gradients
may form the base of local food webs in which the
majority of carbon production is anaerobic. We
measured net methane production and oxidation
rates in TSL surface waters, bottom waters, and
sediments in pelagic, littoral, and terrestrial
floodplain environments. Overall, we find greater
net methane oxidation in bottom waters than in
surface waters, and net methane production in
sediments. Net methane oxidation is greater in
floodplain environments than in littoral or pelagic
lake environments, during the rising and high water
stages of the flood-pulse. This suggests that the
flood-pulse may mediate the entry of carbon into the
TSL food web, which will be further assessed using
bulk carbon and nitrogen isotope analyses in the
future

Benjamin Miller, PhD
Major Professor: Ray Hilborn & Trevor Branch
Methane flux and entry into the aquatic food web
(Tonle Sap Lake, Cambodia)

Purple hinge rock scallop dissection
photo: Lindsey Alma
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Elizabeth Ng, PhD
Major Professor: Tim Essington
Incorporating random effects into models for
resource selection functions

Bristol Bay
photo: Casey Clark

Stuart Munsch, PhD
Major Professor: Charles Simenstad
Fine-scale ontogenetic habitat shifts in a nearshore
fish community
We have a limited understanding of habitat use and
behavior in nearshore fish communities because they
are rarely observed in situ. Consequently, ecologists
recommend a process-based conceptualization of
nursery habitats, but lack knowledge of nursery
processes on fine scales along shore. We used a longterm dataset of underwater observations to quantify
the fine-scale habitat use of a shallow estuarine fish
community. We asked, “Within species, how does
habitat use vary with developmental stage?” We
found that (1) smaller fish occupied shallower depths
where predators were less abundant and (2) smaller
fish were proportionally less abundant along deep
shorelines created by intertidal armoring. This
behavior was suggestive of nursery functions and
processes, including dynamic habitat use, provision
of predator refuge, and appropriate food/predation
risk tradeoffs. Habitat shifts and their associated
benefits appeared to be mediated by a nearshore
depth gradient, which may be compromised by
shoreline infrastructure and rising sea levels along
built shorelines. That is, global elimination of
shallow waters may force smaller, shoreline-oriented
fish to (1) occupy inappropriately deep waters where
predators are more common or (2) avoid deep
shorelines and experience reduced habitat
connectivity.

Matched case-control designs are used in ecology
and wildlife management to estimate resource
selection functions, which provide insight into
habitat use by animals. Recent suggestions to
incorporate random effects into these models have
little statistical justification because they incorrectly
assume unconstrained sampling of study sites,
ignoring matching in the study design. Matched
case-control designs have been used extensively in
epidemiology, where conditional likelihood
functions are used to account for constrained
sampling. Here, we illustrate the discrepancies
between the constrained and unconstrained models,
and evaluate the bias of parameter estimates
using simulation. We evaluated the conditional
logistic model, which produces consistent estimates,
and compared results with estimates from
prospective logistic models, stratified case-control
models, and marginal logistic models. Conditional
logistic models had the lowest bias across a wide
range of sampling schemes and parameter values. In
contrast, marginal logistic models tended to have
greater bias and poor confidence interval coverage
rates.

Shelby Richins, MS
Major Professor: John Skalski
Tributary Overshoot and Fallback by Steelhead in
the Columbia Basin
Tributary overshoot occurs when adult fishes
homing to natal sites continue upstream past the
mouth of their natal stream. When an upstream dam
is passed, subsequent return downstream, or
overshoot fallback, may substantially increase
mortality risks. I quantified total success,
overshooting, and fallback to home by 23
populations of steelhead Oncorhynchus mykiss in the
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Columbia Basin using a mutlistate analysis of PITtag data. I examined 37,806 steelhead migration
histories from 23 populations in the years 2005—
2015. On average 53.9% (SE 4.1%) of steelhead that
passed Bonneville successfully returned to home. A
highly significant inverse relationship between
overshooting rate and total success rate (F = 41.5, P =
3.3x10-8) was found. Overshooting rates over 40%
were estimated for John Day, Umatilla, Walla Walla,
Wenatchee, and Tucannon populations.
Overshooting primarily occurred late summer to
early fall. Fallback to home primarily occurred in
early spring, but varied by population. Average
annual fallback rates to home ranged from 17.8% (SE
1.9%) for Walla Walla hatchery steelhead to 75.0%
(SE 2.6%) for Umatilla wild steelhead. In some
populations, many steelhead were observed at nonnatal tributary sites upstream of an overshot dam
where spawning may occur. Overshoot behavior
appears to be a mixture of permanent straying and
non-direct homing. Because of its high prevalence in
threatened and endangered populations, tributary
overshoot deserves to receive further attention as
managers work to recover steelhead in the Columbia
Basin.
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Sean K. Rohan, MS
Major Professor: Dave Beauchamp & Jim Anderson
Limitations of consumption-based octopus stock
assessment in the Bering Sea/Aleutian Islands
fishery management area
NOAA bottom-trawl stock assessment surveys in the
eastern Bering Sea/Aleutian Islands management
area (BSAI) do not effectively capture octopuses,
which presents an obstacle to conventional stock
assessment. To overcome this obstacle, BSAI octopus
complex catch limits are informed by a consumptionbased stock assessment which uses Pacific cod diet
data to estimate minimum octopus complex natural
mortality and biomass. However, predator-prey
interactions between Pacific cod and octopuses have
distinct spatial, temporal and ontogenetic patterns,
limiting the segment of the octopus complex
population that is assessed. I will discuss patterns
underlying the predator-prey interaction between
Pacific cod and octopuses, and possible implications
for stock assessment and management of the BSAI
octopus complex.

Megsie Siple, PhD
Major Professor: Tim Essington
Evaluating harvest strategies for small pelagic fish

Pine Lake
Photo: Vincent Jobin

Small pelagic fish (SPF) play a key role in marine
food webs and support valuable fisheries. They also
exhibit high-amplitude fluctuations in productivity,
which present a challenge to fishery managers
seeking to satisfy the needs of a valuable fishing
industry and the requirements of marine food webs.
A central debate in SPF management is whether
adaptive management or precautionary, fixed-limit
strategies are more effective for monitoring forage
fish populations. For many SPF stocks, there is
significant uncertainty in the type and frequency of
recruitment deviations, in the unexploited biomass
of the population, and in the ability of assessments to
detect changes in productivity. We use a simple SPF
life history model and a simulation framework to test
the performance of adaptive and fixed-limit harvest
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strategies in the face of these uncertainties. The
effectiveness of management strategies depends on
the management objectives they are meant to
achieve; here we consider a set of performance
metrics from the fish processing and fish oil
industries, as well as broad ecosystem objectives that
minimize risk. We anticipate that harvest strategy
performance will depend on the type of recruitment
variation and the ability of surveys and assessments
to detect large changes in productivity.

Jenny Stern, MS
Major Professor: Kristin Laidre
Recurrent Evolution of Venomous Spines in
Cartilaginous Fishes
Venom is present in a diverse array of life, and its
associated delivery mechanisms have been described
in arachnids, cephalopods, cnidarians, crustaceans,
insects, reptiles, mammals, and fishes (cartilaginous
and bony). While most animals use their venom
offensively, bony and cartilaginous fishes tend to
utilize venom defensively. We have looked in detail
at structural and anatomical variations in spines and
accompanying venom glands across a variety of
selachimorph families (e.g., Centrophoridae,
Squalidae, Etmopteridae, Dalatiidae,
Heterodontidae, and Somniosidae). There is
significant morphological variation present both
between and within families. We document variation
in the size and shape of dorsal spines and their
associated venom glands. The morphology,
connectivity, and evolution of elasmobranch spines
is relatively understudied in the literature. By using
anatomical and molecular data, we developed a
hypothesis of the recurrent evolution and impact of
dorsal spines, and likely venom, in cartilaginous
fishes.

Salmon embryo
photo: Ken King (USFWS)

Mike Tillotson, PhD
Major Professor: Tom Quinn

Exploring the dynamics of fish DNA in streams: Can
environmental DNA be used to estimate the
abundance of spawning salmon?
Estimates of abundance at various stages of the
salmon life cycle provide valuable data on survival,
movement and population productivity that directly
inform fisheries management. Weirs, counting
towers, mark-recapture studies, float/walking/aerial
surveys and hydroacoustics are among the methods
currently used to enumerate salmon. These and other
counting methods are typically expensive and/or
labor intensive; severely limiting the spatial and
temporal extent of monitoring for management
agencies with finite budgets. Recent advances in the
collection and analysis of environmental DNA
(eDNA) may offer a relatively low cost alternative to
traditional salmon counting. eDNA methods for fish
detection are now well established and have been
applied in many cases of rare or endangered species
detection. Several studies have also shown a
quantitative relationship between fish abundance
and the concentration of DNA replicates in water
samples. Nevertheless, many uncertainties remain
regarding the source and fate of fish DNA in
streams, and these uncertainties limit the current
application of eDNA to enumeration efforts. In order
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to investigate the dynamics of salmon DNA is
streams, during the summer of 2016 we paired
eDNA sampling with daily visual enumeration of
adult sockeye salmon in Hansen Creek, a small
stream (~2km long) in the Bristol Bay region of
Alaska. In addition we collected environmental
parameters that may influence DNA decay including
dissolved oxygen, temperature, water level and
photoactive radiation. The fine temporal and spatial
scale of these data paired with high accuracy of our
visual counting methods make this the most
comprehensive study of fish enumeration via eDNA
to date.

John Trochta, MS
Major Professor: Trevor Branch
Insights into the dynamics of Atlantic and Pacific
herring following population collapse
Many of the world’s stocks of Pacific (Clupea
harengus) and Atlantic (Clupea pallasii) herring
collapsed during the past half-century. Causes of
collapse are often identified and include overfishing
and/or changes in oceanographic conditions, yet
post-collapse trajectories are difficult to predict even
when fishing ceases. However, recovery of biomass
after collapse is expected when a strong recruitment,
or series of recruitments occur. The relative
importance of post-collapse recruitment across
herring populations is often assumed, and not well
examined or quantified. We examine various
collapse scenarios on 50 herring biomass time series
and describe the following biomass levels and their
duration following large declines in biomass.
Respective recruitment trajectories are compared
with post-collapse biomass and their effects
evaluated using mixed effects models. Other
environmental influences (e.g. SST and SSH
anomalies) are also explored. Results show that the
largest 3-year declines precede biomass levels that
take 16 years on average to recover to pre-collapse
levels, but less than 2 years to reach half those levels,
suggesting an initial partial rebound. Exceptional
herring collapses are marked by shifts to low mean
biomass spanning longer time frames. For example,
the collapse of herring in the Prince William Sound,
Alaska in 1993 marked a significant downward
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shift to an ongoing mean biomass that is 0.16 of their
pre-collapse levels. Only a couple stocks experienced
similar or worse shifts. Additionally, preliminary
results from the mixed effects models suggest that
strong recruitment may not necessarily effect a
strong recovery. An improved understanding of
post-collapse dynamics for fish species characterized
by high fluctuations helps to tailor management
expectations for recovery.

Adrian Tuohy, MS
Major Professor: Charles Simenstad and Tom Quinn
Evaluating Commercial Salmon Traps as StockSelective Fishing Tools in the Lower Columbia SubBasin
Many wild salmonid populations of the Lower
Columbia River have been listed under the
Endangered Species Act due to overharvest, habitat
loss, dams, and hatchery production. In an effort to
reduce bycatch mortality of non-target wild stocks in
commercial fisheries, increase selective harvest of
hatchery-origin fishes, and minimize genetic
introgression of hatchery-wild spawners, the
Washington Department of Fish and Wildlife
(WDFW) initiated the Commercial Selective Gear
Implementation Program in 2009 and testing of
various commercial gear-types in the Lower
Columbia Sub-basin to provide sustainable
alternatives to conventional gillnets. This prompted
local fishers, the non-profit Wild Fish Conservancy
(WFC), and WDFW to collaborate in testing
Washington State’s first commercial salmon trap in
over 80 years. Based on historical blueprints of
Columbia River traps and inspired by stock-selective
successes in the Lummi Island reef net fishery, WFC
and partners constructed an experimental pound net
trap upstream of Cathlamet, WA where salmon traps
were once abundant prior to the 1936 fixed-gear ban.
Year-one test fishing targeted Fall Chinook
(Oncorhynchus tshawytscha) and coho salmon
(Oncorhynchus kisutch) to examine the potential of the
gear in capturing commercially viable quantities of
salmon while minimizing immediate mortality of
captured and released fishes. Results from the 30-day
test fishing period suggest that commercial salmon
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traps may work well as stock-selective fishing tools
with over 2,100 salmonids captured and an
immediate post-release mortality rate of only 0.42%
(all being wedged coho jacks). Future testing in 2017
will investigate long-term and cumulative postrelease mortality through a tag, release, and
recapture procedure.

27

annual

Abstracts

TH

School of Aquatic & Fishery Sciences

G

raduate

S

tudent

S 2016

ymposium

examines the underlying epigenetic processes
influencing protein expression under varying
conditions.

Charlie Waters, PhD
Major Professor: Kerry Naish
Measuring what matters: linking life history traits
and disease resistance with genomic variation in
Chinook salmon

Arctic Char
photo: Rachel Hovel

Yaamini Venkataraman, MS
Major Professor: Steven Roberts
Characterizing Physiological Effects of Multiple
Stressors on Crassostrea gigas in Wild and Lab
Settings
Oysters are important species in the Puget Sound
region, as they provide crucial ecosystem services
and are the basis for several aquaculture operations.
Like many other marine calcifiers, oysters are
potentially endangered by climate change.
Increasingly acidified waters pose a threat to larval
development and degrade adult shells. Wild oysters
also face a second threat: ocean warming. However,
there is a limited set of experiments studying oysters’
response to multiple stressors that mimic the suite of
conditions experienced in the wild. We propose a
study to examine the physiological effects of multiple
stressors — acidification and warming — in both
wild and controlled lab settings. Collaborating with
the Department of Natural Resources, we will first
assess differences in protein expression in the Pacific
Oyster, Crassostrea gigas, in different study sites in
and around the Puget Sound. We will then use these
results to inform a controlled lab experiment that

Supportive breeding has the potential to rebuild
overexploited populations, but it may also reduce
population productivity if genetic and phenotypic
change occurs in captive-reared individuals.
Therefore, we must understand how supportive
breeding affects adaptive genetic variation in order
to develop methods that minimize possible risks. We
recently reported that one management strategy,
managed gene flow, reduced genetic divergence
associated with captive rearing in a Chinook salmon
hatchery line compared to a hatchery line that bred
only captive-origin individuals. While genetic
divergence in the latter was primarily due to genetic
drift, we also identified potential signatures of
domestication selection based on multiple tests of
adaptive divergence conducted across three
generations. Here, we assessed which fitness-related
traits were associated with domestication in the two
hatchery lines using genomic approaches. We
characterized the genetic basis of a suite of traits
using 9107 restriction site-associated loci. We
examined adult traits collected across multiple
generations and juvenile pathogen resistance
measured in controlled disease challenges. Markertrait associations were identified using an approach
that can detect simple and complex genetic
architectures: Random Forest analyses. Loci
significantly associated with traits were compared to
previous results to determine if traits responded to
genetic adaptation to captivity. We also compared
genetic diversity at these fitness loci between the two
lines to determine if managed gene flow successfully
limited change. This study will inform management
practices aimed at reducing potential negative effects
of supportive breeding on adaptive evolution in
fitness traits.
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