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Looking Back 25 Years: EVOS In The Rear View Mirror
Dr. Robert Spies, spies.b@gmail.com

Nearly 25 years ago the Exxon Valdez ran up on Bligh Reef, Prince William Sound and
spilled almost 12 million gallons of oil, the largest natural disaster in Alaska since the
1964 earthquake. This talk summarizes spill effects and the human reaction, emphasizing
events before 2002. The timing of the spill in March 1989 could not have been worse for
marine wildlife as it was the start of the productive season. The EVOS toll was unlike
anything seen in past spills and recovery was uneven; with decreases in the salmon and
herring fisheries, the outlook in 1994 was grim. That same year several large ecosystem-
based studies were initiated to find out why recovery was not proceeding as expected.
The study results added immensely to current knowledge of the ecosystem and in many
ways laid the foundations for subsequent studies by the Trustee Council, NSF and the
North Pacific Research Board, as well as the Alaska Marine Science Symposium. The
scientific knowledge and environmental protection gained during the restoration program
is a lasting legacy for Alaska marine conservation and science.

Dr. Robert Spies has a Ph.D. in marine biology from the University of Southern
California. He has more than 40 years of experience and 50 publications in marine
ecology and aquatic toxicology, characterizing marine pollution and its effects in a
variety of costal environments in North America, Australia and Micronesia. Dr. Spies
was Chief Scientist for the federal-state Exxon Valdez Oil Spill Trustee Council following
the Exxon Valdez Oil Spill in Alaska.
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The 1964 Great Alaska Earthquake: Lessons Learned In The 50 Years Since The
Dawn Of Plate Tectonics

Dr. Peter Haeussler, pheuslr@usgs.gov

This presentation provides a geologic overview of what happened during the 1964
earthquake. It begins with the large-scale tectonic processes operating over hundreds to
millions of years that caused this massive earthquake to happen in southcentral Alaska.
The 1964 earthquake affected the landscape through uplift and subsidence over large
areas, with submarine landslides resurfacing the bottom of many fjords in southcentral
Alaska. Studies of coastal marshes reveal the prehistoric record of these earthquakes.
Glacial expansion during the Little Ice Age put more sediment at fjord margins, which
resulted in particularly large and numerous tsunamis in the 1964 earthquake. The 1964
earthquake strongly influenced our understanding of these giant subduction zone
earthquakes and their role at producing transoceanic tsunamis (such as Tohoku, Great
Chile, Indonesia, etc).

Dr. Haeussler received his Ph.D. in Geology from U.C. Santa Cruz in 1991. He has
worked at the USGS in Anchorage for 23 years, now as chief of the USGS' Alaska
Earthquake Hazards Project and the coordinator for USGS earthquake hazards work in
Alaska. He is an author (first author or co-author) on more than 90 publications and more
than 125 abstracts. He has broad expertise in earthquake hazards, tectonics, and
landscape evolution of Alaska.
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When The Goal Is To Get The Fishing Industry NOT To Catch Fish: Industry And
Government Working Together To Reduce Salmon Bycatch In The Bering Sea
Pollock Fishery

John Gauvin, gauvin@seanet.com

The incidental catch of Chinook salmon in Alaska trawl fisheries caught the
attention of industry and government scientists in 2007, with approximately
120,000 Chinooks taken in the Bering Sea pollock fishery. Multiple solutions were
needed, including the possibility of modifying pollock nets to allow salmon
escapement. NOAA’s Alaska Fisheries Science Center scientists, pollock fishermen
and gear manufacturers have collaborated to develop devices to “exclude” salmon
from trawl nets without injury while maintaining Pollock catches. While salmon
“excluders” are just one tool in fishermen'’s toolbox for controlling bycatch, the vast
majority of Bering Sea pollock fishermen use them today. Mr. Gauvin’s talk will
highlight the research and performance results of this innovative partnership.
Video clips and sonar images from critical stages in the research will be shown with
commentary.

John Gauvin has a Masters of Science degree in Resource Economics from the
University of Rhode Island and is currently the Fisheries Science Director for the
Alaska Seafood Cooperative. Over the last 25 years Mr. Gauvin has worked in
fisheries management as a fishery economist as well as completing various
consulting contracts with NOAA Fisheries, regional fishery management councils,
FAO, and the OECD. Mr. Gauvin also serves on the North Pacific Research Board and
is president of the Marine Conservation Alliance.
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Alaska’s Shelf Seas: Oceanographic Habitats And Linkages
Dr. Thomas Weingartner, TWeingartner@alaska.edu

Alaska’s shelf seas share an inherent commonality insofar as they are aligned along a
series of advective pathways that transport water from the Pacific to the Arctic Ocean.
That transport is a consequence of global-scale processes, in which Alaska’s shelves play
an important role. Despite this commonality, they are remarkably diverse in both their
physical and biological characteristics. These differences arise largely as a consequence
of how their geomorphology affects the response of oceanic responses to regional
atmospheric and astronomical forcing. In aggregate these processes establish a myriad of
marine habitats each having different degrees of connectivity to one another. This talk
will focus on the unique role that freshwater forcing, primarily that associated with
coastal discharge, has in shaping Alaska’s marine ecosystems.

Dr. Weingartner earned his Ph.D. in Physical Oceanography from North Carolina State
University. He came to the University of Alaska Fairbanks, first as a postdoctoral fellow
in 1968, then as research associate in 1991, and has been a member of the UAF faculty
since 1993. During this time he has become one of the preeminent physical
oceanographers in Alaska and the United States. He is frequently tapped to participate in
integrated research programs and serve on research organization advisory committees. He
is the winner of the 2014 Ocean Leadership Award for Alaska Marine Research.
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Arctic - Climate and Oceanography

High-Resolution Hydrography Of The Northeastern Chukchi Sea From AUV
Gliders And Towed CTD Surveys — A New Look At The Alaska Coastal Current,
Upwelling And Fronts

Peter Winsor, pwinsor@alaska.edu

Thomas Weingartner, TWeingartner(@alaska.edu
Jeremy Kasper, jkasper@whoi.edu

Hank Statscewich, hstatscewich@alaska.edu
Rachel Potter, rpotter@ims.uaf.edu

Elizabeth Dobbins, eldobbins@alaska.edu

Seth Danielson, sdanielson@alaska.edu

Leandra De-Sousa, leandra.sousa@north-slope.org
Steve Sweet

Cayman Irvine

Mr. Fang, yfang2@alaska.edu

We use high-resolution (150-400 m horizontal spacing) hydrographic sections collected
from AUV gliders and towed CTD transects over the July-October time period from 2010
to 2013 to describe water properties and circulation in the northeastern Chukchi Sea.
These uniquely detailed observations reveal a complex and dynamic ocean structure,
including 1-2 day shifts from a strong coastal jet directed towards Barrow Canyon to
coastal upwelling and reserved flow. These rapidly modified circulation regimes are
mainly driven by shifts in the wind forcing over the relatively shallow (40-m mean depth)
shelf with a response time that is in concert with the spinup/down time scale for the shelf.
Frontal structures at many scales are found across the study area. Nearshore (<15 m
water depth) fronts separate local freshwater from offshore waters. Large-scale fronts
divide the warmer Alaska Coastal Current from the colder offshore waters that are
dominated by sea ice melt at the surface and winter waters deeper in the water column.
Early September conditions were drastically different between 2012 and 2013, in part
explained by persistent northeasterly wind forcing. Combined with two-dimensional
surface current maps from high-frequency radar, satellite-tracked surface drifters, and
time series of currents from sub-surface moorings, we develop a detailed description of
the circulation and hydrography of this dynamic Arctic shelf sea.
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Arctic - Climate and Oceanography

A Revised View Of The Magnitude And Drivers Of Sea-Air CO2 Fluxes In The
Chukchi Sea

Claudine Hauri, chauri@alaska.edu

Peter Winsor, pwinsor@alaska.edu

Laurie Juranek, ljuranek@coas.oregonstate.edu
Andrew McDonnell, amcdonnell@alaska.edu
Taro Takahashi, taka@ldeo.columbia.edu
Jeremy Mathis, jtmathis(@alaska.edu

Dynamic and complex physical and biological processes drive sea-air CO2 fluxes in the
Chukchi Sea. Low surface pCO2 due to high summertime primary production and
subsequent shelf-to-basin transport of subsurface waters enriched with remineralized
carbon into the Arctic Ocean are thought to support a globally important sink for
atmospheric CO2. Here, we document a new mechanism of carbon cycling in the
Chukchi Sea that substantially reduces the net strength of this globally significant carbon
sink. Surface pCO2 measurements and wind analysis show that annually occurring storm-
induced mixing events during autumn months disrupt water column stratification and mix
remineralized carbon from subsurface waters to the surface, leading to outgassing of CO2
to the atmosphere. Our analysis provides a new understanding of the dynamics of carbon
cycling in the region and suggests that late season wind events are strong and frequent
enough to significantly decrease the carbon sink strength of the Chukchi Sea on a scale of
relevance to the global carbon cycle. These results highlight the importance of obtaining
data with high spatial and temporal resolution in order to accurately constrain regional to
basin-scale carbon flux budgets. An accurate assessment of the present-day magnitude
and drivers of regional sea-air CO2 fluxes is crucial for future projections of atmospheric
CO2 concentrations.
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Arctic - Climate and Oceanography

Influence Of A High Spatial Resolution Arctic/Sub-Arctic River Discharge And
Temperature Forcing On Modelled Nearshore Hydrography And Sea Ice
Conditions

Jonathan Whitefield, jwhitefield@alaska.edu
Peter Winsor, pwinsor@alaska.edu
Jim McClelland, jimm@utexas.edu

Compared to the rest of the world’s oceans, the Arctic basin receives a large amount of
fresh water. Relatively low salinity seawater enters the Arctic through the Bering Strait,
but perhaps the most influential source of fresh water is the Arctic rivers; around 10% of
the world’s river discharge empties in to the Arctic Ocean, an ocean which represents
only ~1% of the total world ocean by volume. Year round sampling in the Arctic is
difficult and costly, and increasingly model results are used to understand Arctic
processes. The Massachusetts Institute of Technology’s general circulation model
(MITgem) is a high-resolution (~1/6°) coupled ocean-ice global model that has been used
for many Arctic climate related studies, yet the current river discharge forcing has a
resolution of 1° that is interpolated to the model grid. Consequently, input from many of
the Arctic rivers is mis-located due to model land mask constraints, and spatial aliasing of
river deltas occurs. In addition, fresh water is added at ambient ocean temperature,
despite many of the Arctic rivers reaching temperatures of >10 °C during peak discharge
between late May and mid-June. Using observations from the Arctic Regional Integrated
Monitoring System (ArcticRIMS), the Arctic Great Rivers Observatory (ArcticGRO),
and other gauged rivers, we present an improved river discharge forcing field at the same
resolution as the model (~18 km), incorporates climatological monthly mean river
temperatures and discharge, and is applied directly to the model grid without
interpolation. We show results from a model run incorporating this new high-resolution
discharge forcing and discuss the effects of increasing regional river runoff and
temperature on freshwater and heat content budgets, and sea ice concentrations.
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Arctic - Climate and Oceanography
Downscaled Climate Model Information For Alaskan Coastal And Offshore Regions

John Walsh, jwalsh@arthur.iarc.uaf.edu
Sarah Trainor, sarah.trainor@alaska.edu

Output from several global climate models, selected on the basis of their ability to
simulate the recent climate of Alaska, has been downscaled for locations along and
onshore of the Alaskan coasts. The variables include surface air temperature, wind and
sea ice. Model output at daily resolution forms the basis of the downscaling, enabling a
focus on extreme events in the historical (1970-present) and future (through 2100) time
periods. The statistical methodology employed in the downscaling is quantile mapping,
which captures the full distribution, including its extremes, of the downscaled variables.
The results of the downscaling show that high-temperatures rarely reached in recent
decades will be exceeded with increasing frequency over the 21st century at all locations,
especially under a higher-range scenario of greenhouse gas emissions. Similarly, the
extreme low temperatures become increasingly rare over the future decades. While high-
wind events show little trend in frequency of occurrence in the downscaled output, the
percentage of high-wind events occurring with open water along the western and northern
coasts increases substantially as sea ice retreats. The ability of users to interface with the
downscaled products via “shiny apps” will be highlighted in the presentation.
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The Importance Of Arctic Meiofauna And The Effects Of Environmental And
Biological Variables On Their Distribution And Density In The Northeastern
Chukchi Sea

Marissa Hajduk, mmhajduk@alaska.edu
Arny Blanchard, alblanchard@alaska.edu

Interactions between environmental and biological characteristics with meiofaunal
communities on the Alaskan arctic shelf may contribute to the regional variations of the
carbon pool and meiofaunal consumer distributions. Meiofauna (organisms 44 to 1000
um long) fill roles in carbon cycling, nutrient regeneration, and trophic interactions,
although they have not been well-studied in the Chukchi Sea, a region where
anthropogenic and natural environmental changes are occurring. Understanding how
these communities of smaller organisms interact with environmental characteristics is
important in predicting potential changes in trophic interactions for macrofauna feeding
on these organisms. Meiofauna samples were collected in the northeastern Chukchi Sea
at 31 stations. Samples were taken from van Veen grabs using a small core with a 7cm
diameter to collect surface sediments to 1cm depth, and a 1.5cm diameter core to collect
sediments to Scm depth. Density values were obtained after following a compilation of
silica solution separation techniques and using stacked sieves (500 pm and 64 pm) to
remove meiofauna from the surface sediment cores. Organisms were counted and
identified to order or lower. The deep cores were sorted for major permanent meiofauna
(i.e. nematodes, copepods, and foraminifera) and fauna analyzed for carbon (613C) and
nitrogen (815N) tissue isotopes and carbon content. A total of 44 meiofaunal taxonomic
categories were identified. The permanent faunal group Nematoda contributed most to
meiofaunal density (7-11 ind. cm-2), followed by groups Copepoda (0.4-0.8 ind. cm-2),
and Foraminifera (0.0-.03 ind. cm-2). Temporary groups with highest contribution to
density were Polychaeta (0.2-0.48 ind. cm-2) and Bivalvia (0.1-0.3 ind. cm-2).
Nematodes had the highest biomass, with average of 20 mg C m-2 (+ 1.2 SE), as
compared to ~1.2 x 104 mg C m-2 (£ 0.5 x 103 SE) for macrofauna. Longitude and
bottom-water temperature were significant predictors of total meiofaunal density,
overlapping with patterns observed for the macrofauna. Given the short generation times
of meiofauna (~days to several months), carbon biomass estimates suggest they are
significant sources of organic carbon in the meiofauna communities of the Chukchi Sea,
and appear to covary with trends for macrobenthic communities.
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An Alternate Mechanism For Macrobenthic Distributions In The Chukchi Sea
Arny Blanchard, alblanchard@alaska.edu

Pelagic-benthic coupling is a major determinant of macrobenthic communities in the
shallow waters of the Chukchi Sea. There are, however, significant deviations in
macrobenthic characteristics driven by other mechanisms, including topographic control
over water circulation. Water circulating around the north edge of Hanna Shoal
converges with water moving to the east across the shoal’s southern flank resulting in
stagnant flow to the southeast of the shoal. The stagnant circulation is associated with
delayed flushing of winter-water in summer, a cold-water pool, increased stratification,
habitat variations, high macrobenthic biomass, and high marine mammal feeding activity;
the increased benthic production cannot be explained by pelagic-benthic coupling alone.
Macrobenthic communities were sampled with a 0.1 m2 van Veen grab in the
northeastern Chukchi Sea in 2011 and 2012 to understand broad-scale mechanisms
controlling the ecology of the region. Sediments were washed over a 1.0-mm mesh sieve
and the sediment-dwelling fauna (macrobenthos) were preserved, and were identified,
counted, and weighed in the laboratory. Environmental parameters, sediment grain-size,
sediment organic carbon content, water depth, and bottom-water salinity and temperature,
were also determined. Spatial structuring of the macrobenthos is strong and
environmental measures reflecting normal benthic processes and pelagic-benthic
coupling (e.g., water depth, percent mud, and sediment organic carbon content (OC)) are
weak predictors of macrobenthic characteristics which show strong spatial interactions.
Additional physical processes proxied by latitude and longitude (circulation patterns,
carbon advection, etc.) are important in defining faunal distributions; latitude, longitude,
and OC are significant predictors of density for the polychaete Maldane sarsi and latitude,
longitude, and water depth for the bivalve Ennucula tenuis. Biodiversity also
demonstrated spatial patterns as latitude, longitude, percent mud, and bottom-water
temperature were predictors of the total number of taxa per station. Amphipod and
polychaete diversity demonstrated the greatest spatial change decreasing by 21 (40%) and
39 (33%) taxon groups south to north, respectively. Overall, the complex distributions of
the biotic variables indicate that the indirect effect of topography on macrobenthic
assemblages appears to be a strong driver for community characteristics and provides an
alternate mechanism for areas of increased benthic production in some areas of the
Chukchi Sea.
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Toward A Contemporary Baseline For Zooplankton Communities In The American
Beaufort Sea

Caitlin Smoot, casmoot@alaska.edu
Russell Hopcroft, rrhopcroft@alaska.edu

Zooplankton are important conduits from primary production to higher trophic levels, yet
they have been poorly assessed throughout much of the Beaufort Sea. Zooplankton
assemblages are being characterized for the US Beaufort Shelf as part of a multiyear,
multidisciplinary effort from 2011-2014. In 2011 a total of 79 taxonomic categories were
observed, including 68 holoplanktonic categories and 11 meroplanktonic categories. The
community in the study area was dominated by copepods, larvaceans, and cnidarians,
although relative importance varied between inshore-offshore and along east-west
gradients. Using a 150 um net, the average abundance and biomass was ~1800
individuals m-3 and 20 mg dry-weight m-3, respectively. The average abundance using a
505 um net was 16% of that captured by the 150 um net; however, the average biomass
captured by the 505 um net was nearly 90% of that observed in the 150 pm net.
Generally, species were characteristic of the Arctic domain, with a mixture of neritic
species, such as Pseudocalanus spp. and oceanic species, such as Calanus hyperboreus.
These results will be compared with data from the 2012 field season. An improved
understanding of the composition, spatial distribution, and seasonal and inter-annual
variability of the zooplankton community of the Beaufort Sea is needed to understand
trophic linkages and establish a modern reference point from which to compare datasets
spanning over 60 years for signals of long term change.

11



AMSS-2014

Arctic - Fish and Fish Habitat
Arctic SHELFZ (Shelf Habitat and EcoLogy of Fish and Zooplankton)

Leandra Sousa, leandra.sousa@north-slope.org

Alexei Pinchuk, aipinchuk@alaska.edu

Elizabeth Logerwell, libby.logerwell@noaa.gov

Sandra Parker-Stetter, slps@u.washington.edu

John Horne, jhorne@u.washington.edu

Johanna Vollenweider, Johanna.Vollenweider@noaa.gov
Ron Heintz, ron.heintz@noaa.gov

The Arctic nearshore habitat is an important region used by native communities to
harvest marine mammals and fish. As many of these areas are inaccessible to most
research vessels, there is a limited understanding of fish and zooplankton ecology in the
transition area between nearshore and offshore habitats. This is the first survey in which
nearshore (< 20 m isobath) and offshore data (> 20 m isobath) have been concurrently
collected for fish, zooplankton, fisheries acoustics, and water mass properties along
Alaska’s Chukchi Sea coast. Surveys were conducted between the communities of
Barrow and Wainwright in August-September 2013. Transects extended from the beach
to 75 km offshore, covering an area of 8,580 km2. Beach seines, bottom and midwater
trawls, fisheries acoustics (38kHz, 120 kHz), zooplankton tows, and CTD casts were
conducted nearshore aboard the R/V Ukpik and offshore aboard the F/V Alaska Knight.
The overall goal of this project is to identify the characteristics of the transition zone
between the nearshore and offshore habitats and the diet, body condition, age structure,
abundance and distribution of fish. We present the abundance and distribution of
selected fish and invertebrate species. Benthic invertebrates dominated the catches in the
nearshore and offshore bottom trawls. The most abundant fish and invertebrate species in
the bottom trawls were Arctic cod, kelp snailfish and warty sculpin, sea cucumbers and
sea stars in the offshore and Arctic staghorn sculpin, snailfish, slender eelblenny, shrimp
and mysids in the nearshore. The most abundant fish and invertebrate species in the
midwater trawls were Arctic cod, Arctic staghorn sculpin, capelin and jellyfish in the
offshore and Arctic cod, Arctic staghorn sculpin, Arctic sculpin and jellyfish in the
nearshore. In the beach seines the most abundant fish and invertebrates were Arctic
staghorn sculpin, sand lance fourhorn sculpin and mysids. This study contributes new
baseline information to our understanding of the ecology of nearshore and offshore
habitats.
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Fish Diets Across The Chukchi And Beaufort Seas

Benjamin Gray, bpgray@alaska.edu
Brenda Norcross, brenda.norcross@gmail.com

Diet information for Arctic Cod (Boreogadus saida), Arctic Staghorn Sculpin
(Gymnocanthus tricuspis), and Shorthorn Sculpin (Myoxocephalus scorpius) is limited,
outdated, from distant regions, or nonexistent. We collected these species during ice-free
months over three years in the Chukchi Sea (2010—2012) and one year in the Beaufort
Sea (2011). Diets were compared by four factors: seas, regions, depths, and size classes.
Diets of each of the three fish species differed between the Chukchi and Beaufort seas
and small and large fish fed differently. In general, Arctic Cod and Shorthorn Sculpin fed
more pelagically in the Beaufort Sea and more benthically in the Chukchi Sea. Arctic
Staghorn Sculpin fed benthically in both seas. Smaller Arctic Cod consumed more
calanoid copepods in both seas while larger fish ate a more varied diet. All sizes of both
sculpin species ate more benthic amphipods in the Chukchi Sea. Smaller and larger
Arctic Staghorn Sculpin in the Beaufort Sea ate other types of prey and polychaetes
respectively. Smaller Shorthorn Sculpin in both seas ate hyperiid amphipods whereas
larger Chukchi Sea fish ate fish prey and shrimps. Additional diet differences were
indicated by regional analysis; however, the effect of depth appeared to be confounded by
fish size. This is the first account of factors contributing to variability in diets of fishes
across the Chukchi and Beaufort seas and of Shorthorn Sculpin diet across the Chukchi
and Beaufort seas. As arctic conditions change, analyzing fish diets may help indicate
shifts in arctic food web structure.
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Growth Rates Of Juvenile Arctic Cod (Boreogadus Saida) And Saffron Cod
(Eleginus Gracilis) In A Warming Ocean

Benjamin Laurel, Ben.Laurel@noaa.gov
Mara Spencer, mara.spencer(@noaa.gov
Louise Copeman, copemanl@onid.orst.edu

Both Arctic cod (Boreogadus saida) and saffron cod (Eleginus gracilis) co-occur in the
Arctic, but growth data are too few to model how they will respond to changing climate
scenarios in the region. In this study, we experimentally measured the temperature-
dependent growth, condition and activity levels of each species across 4 temperatures(0,
5,9 and 16°C) at the Alaska Fisheries Science Center’s cold-water laboratory at the
Hatfield Marine Science Center in Newport, OR. Age-0 juveniles of both species were
collected and live-shipped from the Beaufort Sea in August 2013 to initiate experiments.
Results indicated clear physiological and behavioral difference between the two species.
Arctic cod demonstrated a cold-water, stenothermic response in that there was limited
growth potential beyond 5°C, and there was a sharp decrease in condition, activity,
growth and survival at 16°C. In contrast, saffron cod demonstrated a warmer-water,
eurythermic response in that growth rates and activity increased linearly up to 16°C, with
some indication that condition was negatively impacted at the lowest temperature (0°C).
Together, these data indicate saffron cod will be able to better exploit warming conditions
than Arctic cod, especially in coastal areas where temperatures already exceed 14°C in
the summer and nutrient input is high due to river runoff. These results, coupled with a
possible northward shift of other gadid species (i.e., walleye pollock Gadus
chalcogrammus), suggest Arctic cod are highly vulnerable to continued climate change in
the Arctic.
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Dispersal Patterns And Summer Oceanic Distribution Of Adult Dolly Varden From
The Wulik River, Alaska, Evaluated Using Satellite Telemetry

Michael Courtney, mbcourtney@alaska.edu
Andrew Seitz, acseitz@alaska.edu

Dolly Varden make up an important component of subsistence fisheries in northern
Alaskan communities. While it is known that Dolly Varden may be broadly distributed
throughout a wide range in the Pacific Ocean during the summer, their distribution in the
Chukchi Sea is unknown. Therefore, in June of 2012 and 2013, we attached 52 Pop-up
Satellite Archival Transmitting (PSAT) tags to Dolly Varden in the Wulik River, which
flows into the Chukchi Sea, to examine their dispersal and behavior. PSAT tags measured
and recorded temperature, depth and ambient light data at 2 minute intervals while
externally attached to the fish. From 1 July— 1 October, in two week intervals, these tags
released from the fish, floated to the surface of the sea and transmitted, via satellite, the
pop-up position and archived data. To date, nine of the fish provided the first documented
northwesterly offshore dispersal to the Russian Chukchi Sea. While at sea, they dispersed
up to 60 km/day and frequently occupied (>90%) relatively shallow water (<15 m). Other
dispersal types were demonstrated, including Wulik River residency, southerly
alongshore dispersal, and movement to rivers in Russia and Western Alaska. Because
many of the tagged fish appeared to occupy the outer continental shelf of the Chukchi
Sea, this region may be an important summer feeding area for northwestern Dolly Varden.
Furthermore, because of its ability rapidly transit broad areas of the Chukchi Sea and
frequently occupy shallow water, this important subsistence species may be exposed to
emerging human activities, such as hydrocarbon development and shipping.
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Broad Scale Climatic Influences Are Stronger Drivers Of Survival Than Local
Impacts For An Arctic Seabird

Paul Lukacs, paul.lukacs@umontana.edu
George Divoky, gdivoky@gmail.com

While arctic breeding seabirds experience extreme weather and climatic conditions, those
species that also winter in the arctic endure even more environmental extremes
throughout their life cycle. Variation in environmental conditions is a function of both
short-term weather events and longer-term climatic variation tied to atmospheric
teleconnections, such as the Arctic Oscillation and Pacific Decadal Oscillation. We
examine the relationship between the survival probability of 1,962 marked black
guillemots (Cepphus grylle mandtii) breeding at Cooper Island, Alaska, USA and
climatic variables affecting both breeding and wintering areas over a 37-year period
(>10,000 bird/year observations). Black Guillemots are year-round resident of the Arctic
and monitoring their annual survival allows examination of annual variation in the marine
ecosystems that support them. We applied Bayesian multi-state mark-recapture models
to examine the effects of environmental covariates on survival probability of breeding
adult guillemots. Recapture and resighting probability of breeding adults was very high in
this study (~1.0) allowing for precise parameter estimates and separation of components
of variation. Guillemot survival probability was negatively correlated with winter Arctic
Oscillation, and weakly positively correlated with the Pacific Decadal Oscillation. Adult
survival is highest when Arctic atmospheric temperatures are cold as is shown by a
negative correlation with the winter AO. Survival probability was not correlated with
distance to ice during the breeding or southern extent of winter ice cover. In addition,
survival probability was not related to sea surface temperature around Cooper Island, an
important correlate with forage availability. Our results suggest that broad-scale climatic
effects have a stronger influence on breeding adult survival probability than local-scale
effects influencing effort required for raising young. Understanding the patterns in
variability of black guillemots allows us to better interpret unusual survival events given
the anticipated changes in resource use and climatic conditions in the Arctic coastal
region of Alaska.
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Shifts In The Seabird Community Of The Chukchi Sea Over Four Decades: A Sea
Change In Structure?

Adrian Gall, agall@abrinc.com
Robert Day, bday@abrinc.com
Tawna Morgan, tmorgan@abrinc.com

Summer ice cover in the Arctic Ocean reached the lowest minimum extent on record in
2012. This decline is anticipated to have repercussions on the trophic structure in this
environment, and there is evidence that the seabird community of the eastern Chukchi
Sea shelf already has changed over the past four decades. We quantified sea-ice cover
and compared ship-based survey data collected in the eastern Chukchi Sea during 1975—
1981 (historical data) with surveys conducted during 2007-2012 (recent data) to explore
how the seabird community may be responding to changes in the physical and biological
oceanography of the region. Sea ice now forms later, melts earlier, and melts completely
in all parts of the eastern Chukchi Sea than it did 30 years ago. The historical seabird
community was composed predominantly of piscivorous Black-legged Kittiwakes (Rissa
tridactyla) and murres (Uria spp.). In contrast, the seabird community today is composed
predominantly of Crested Auklets (4ethia cristatella) and Short-tailed Shearwaters
(Puffinus tenuirostris), both species that prey primarily on euphausiids and other large
zooplankton when they are available. New seabird species also have been added to the
Chukchi avifauna since 2006, and several of them are planktivorous as well. Earlier ice
retreat appears to be creating an environment that is more amenable to the production of
euphausiids and other large zooplankters. We propose that the changes in abundance and
composition of the seabird community reflect an increase in the availability of large
zooplankton prey in the region.
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Forage Quality For Pre-Migratory Semipalmated Sandpipers Using Three River
Deltas On The Beaufort Sea, Alaska

Roy Churchwell, rchurchw(@alaska.edu
Abby Powell, abby.powell@alaska.edu
Steve Kendall, steve kendall@fws.gov
Stephen Brown, sbrown@manoment.org

Many shorebird species nesting on the Arctic Coastal Plain, Alaska, assemble on river
deltas on the Beaufort Sea coast to forage after the breeding season and before fall
migration. We have documented availability and use of food resources at the Canning,
Jago, and Okpilak/Hulahula river deltas on the Arctic National Wildlife Refuge since
2010. However, we do not know which specific invertebrate taxa shorebirds feed on,
when foraging switches from terrestrial ponds to delta benthic invertebrates, or the
fattening rates of birds. To determine shorebird diet, we used stable isotope values of
carbon and nitrogen of red blood cells and plasma collected from foraging semipalmated
sandpipers and from common invertebrates collected on the deltas and nearby terrestrial
tundra ponds. We also used blood samples to analyze triglyceride levels of shorebirds;
blood triglyceride levels can be indicative of fattening rates, which can be used to
compare forage quality among deltas. Our preliminary analyses indicated a significant
separation between carbon isotopes found in invertebrates from tundra ponds and delta
benthic habitats, and that there was a switch from terrestrial to benthic invertebrates at the
beginning of our sampling season. Future analyses will determine which specific taxa
were ingested. We found no difference in blood triglyceride levels among the three deltas
or among feeding areas within deltas, suggesting that forage used by semipalmated
sandpipers was of similar quality at all of the deltas. In the future we will address the
importance of these deltas to the annual life cycle of semipalmated sandpipers by
combining information on the nutritional value of ingested benthic invertebrates with
shorebird and invertebrate abundance data to estimate energetic costs and benefits of
feeding at these river deltas.
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The Effect Of Variable Detectability On Density Assessments Of Bowhead Whales
During Seismic Survey Operations In The Beaufort Sea, Alaska

Frances Robertson, f.robertson@fisheries.ubc.ca
William Koski, bkoski@lgl.com
Andrew Trites, a.trites@fisheries.ubc.ca

Aerial surveys are a common means to assess the densities of wide ranging animals such
as bowhead whales (Balaena mysticetus). In the Alaskan Arctic, aerial surveys are part of
environmental monitoring programs for oil and gas exploration. Sighting data collected
during such surveys are used to estimate bowhead density—particularly the number of
whales exposed to different received levels of seismic sound, as required by regulators.
However, estimates of abundance may be over- or under-estimated if seismic operations
affect how visible a whale is to aerial observers. The objective of our study was to
determine the extent to which density assessments of bowhead whales are affected by
changes in availability caused by seismic operations. We used bowhead sighting data
collected during industry monitoring surveys of seismic operations conducted in the
Beaufort Sea from late August to early October 2008. We then fit density surface models
to these sighting data and incorporated availability correction factors to determine the
sensitivity of density estimates to variable availability of bowhead whales. Finally we
conducted a series of realistic simulated scenarios to evaluate the influence of behavioral
responses on density estimates of whales that are disturbed or undisturbed by seismic
operations. Preliminary analyses suggest that the actual numbers of whales present in
areas ensonified by seismic operations may be as much as 64% higher than estimates that
only account for changes in availability of undisturbed whales. Our study highlights the
influence of whale behavior on density assessments of bowhead whales in the vicinity of
seismic operations.
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Real-Time Detection Of Arctic Marine Mammals From Ocean Gliders: A Pilot
Study

Mark Baumgartner, mbaumgartner@whoi.edu
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Peter Winsor, pwinsor@alaska.edu

David Fratantoni, dfratantoni@whoi.edu

Hank Statscewich, hstatscewich@alaska.edu

Marine mammals are an integral part of the Arctic ecosystem, and there is an urgent need
to monitor their distribution and occurrence as significant changes occur in that
ecosystem. Arctic marine mammals are currently monitored with aerial surveys and
passive acoustic recordings from moored instruments; however, aerial surveys are limited
by weather conditions (e.g., low ceilings, fog) and long-term recordings are labor-
intensive to process and provide occurrence information long after an animal is actually
recorded on an instrument. We have integrated the digital acoustic monitoring (DMON)
instrument in several autonomous platforms to detect and classify the calls of marine
mammals and report those detections in near real time via Iridium satellite. The DMON
1s a programmable hardware device capable of both recording and processing audio from
1-3 hydrophones, and we have implemented the low-frequency detection and
classification system (LFDCS) on the DMON to detect and classify calls via pitch
tracking and discriminant function analysis. The system has been used successfully in
the northwest Atlantic Ocean, and in 2013, we conducted a pilot study of the system in
the Chukchi Sea. We first developed a DMON/LFDCS call library for Arctic and sub-
Arctic marine mammal species with which detected sounds could be compared and
identified. The call library consisted of 32 call types produced by bowhead, fin,
humpback, right, beluga, and killer whales, and walrus and bearded seals. In September
2013, we deployed a single Slocum glider equipped with the DMON/LFDCS in the
northeastern Chukchi Sea. The glider reported real-time detections of both bowhead
whales and air guns used for geophysical exploration during its 7-day mission along the
northwestern coast of Alaska between Wainwright and Barrow. The continuous audio
recorded by the DMON/LFDCS during the pilot study was extremely valuable for
identifying detection parameters and call types that can be tuned for better performance
during future deployments. We envision that this mobile autonomous system will be a
useful tool for both research and mitigation applications where access to real-time
detection information can improve the efficiency of finding animals for study or reduce
the impact of industrial activities on sensitive Arctic species.
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Diving Behavior And Habitat Use By Two Populations Of Beluga Whales
(Delphinapterus Leucas) Across Variable Habitats Of The Pacific Arctic

Donna Hauser, dhauser@uw.edu

Kristin Laidre, klaidre@apl.washington.edu

Sue Moore, sue.moore(@noaa.gov

Robert Suydam, Robert.Suydam@north-slope.org
Pierre Richard, Pierre.Richard@dfo-mpo.gc.ca

Recent advances in satellite telemetry have revealed that some Arctic populations of
beluga whales (Delphinapterus leucas) are highly migratory and extend their summer
distributions to high latitudes covered with dense pack ice. Two beluga populations in the
Pacific Arctic, the eastern Chukchi Sea and Beaufort Sea (ECS and BS, respectively), are
known to migrate across hundreds of kilometers of Arctic habitat and range into >90%
ice cover yet the drivers behind their spatial distribution are relatively unknown. Beluga
whales are generalist foragers that have been documented to dive below 800 m in the
eastern Arctic, yet there has not been a comprehensive analysis of their use of the water
column throughout the range of diverse habitats in the Pacific Arctic. We used locations
and dive characteristics of satellite-tracked whales to quantify spatial and temporal
distribution patterns and time allocation within the water column as an indication of
foraging behavior. Using satellite-linked time-depth recorders attached to whales from
1997-2007 (n=28), we quantified summer and autumn sex-specific beluga whale diving
behavior and resource selection between ECS and BS belugas. Kernel density estimators
were used to calculate spatial and temporal overlap in monthly core areas. Dives were
summarized from binned dive data to analyze differences in the number of dives to
specific depths, dive:depth ratio, dive durations, and occupancy time at depth between the
two populations. Monthly core areas of the two populations were largely distinct until
September when we documented an east-west shift in focal area use between populations
that persisted into October. Our study also contrasts differences in diving behavior
between populations using mixed effect models with repeated measures in their summer
core areas as well as among several sub-regions such as the Chukchi Plateau, Barrow
Canyon, Alaskan and Canadian Beaufort Sea slopes, eastern Canada Basin slope, and
Canada Basin. Environmental features such as seafloor slope and depth, the Beaufort
shelf-break jet, upwelling centers, and regional water masses differentially influence
diving behavior and habitat use of Pacific Arctic belugas, which are factors that
presumably enhance prey availability and motivate the distribution and diving patterns
we observed.
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Recent Trends In Pacific Walrus Demographic Rates

Rebecca Taylor, rebeccataylor@usgs.gov
Mark Udevitz, mudevitz@usgs.gov

Global climate change threatens to alter the population dynamics of many species for
which baseline demographic rate and population size estimates are imprecise or lacking.
The Pacific walrus (Odobenus rosmarus divergens) exemplifies this predicament.
Harvest is thought to have been the primary mortality factor affecting Pacific walruses
for at least the past two centuries, but reduced availability of sea ice due to global
warming may change the limiting factors for this population. In particular, it is
hypothesized that the loss of late summer sea ice, which walruses use as a resting
platform between foraging bouts, may reduce access to food, and through nutritional
stress, may lower reproduction, calf and juvenile survival, and possibly adult female
survival. However, rigorous estimates of walrus survival rates do not exist, reproductive
rate estimates are decades old, and estimates of population size have well documented
bias and imprecision. The limited information available for the species requires
combining disparate sources of data to provide useful estimates of population parameters
and their associated uncertainties. To accomplish this, we developed a Bayesian, hidden
process demographic model of walrus population dynamics from 1974 through 2006 that
combined annual age-specific harvest estimates with five population size estimates, six
population age structure estimates, and two reproductive rate estimates. The model
suggests density independent survival (exclusive of harvest mortality) was relatively high
for both adults (0.99) and juveniles (0.97) and that annual density dependent vital rates
rose from 0.06 to 0.11 for reproduction, 0.31 to 0.59 for survival of neonatal calves and
0.39 to 0.85 for survival of older calves, concomitant with a population decline during the
period. The current model provides a baseline and is designed to incorporate additional
data as it becomes available for estimating changes in demographic rates and forecasting
population consequences that may result from changes in harvest or diminishing sea ice.
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“It’s A Good Time To Be A Bowhead”: Body Condition And Links To Summer Sea
Ice And Upwelling In The Beaufort Sea

John George, craig.george@north-slope.org
Matthew Druckenmiller, ftmld@uaf.edu
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Robert Suydam, Robert.Suydam@north-slope.org

We examined the effects of summer sea ice conditions and upwelling wind in the
Beaufort Sea on the body condition of bowhead whales. We used a long-term dataset
collected from whales harvested by Alaskan Eskimos to estimate two body condition
indices (BCI) for each individual whale. A series of offshore regions frequented by
bowhead whales in summer were designated and used to quantify year-to-year
summertime environmental conditions including: a) mean open water fraction, b) total
days with >75% open water, ¢) duration of melt season, d) date of continuous freeze-up,
e) mean upwelling-favorable wind stress, and f) total days with upwelling-favorable
winds. These metrics were analyzed relative to body condition for both the preceding
feeding season and the previous three seasons combined. The strongest effects were
found for a) the late summer open water fraction in the nearshore areas off the Mackenzie
Delta and an offshore zone west of Banks Island, b) duration of melt season and date of
freeze-up for the Beaufort Sea, and c) upwelling favorable wind stress for the Mackenzie
shelf and west of Banks Island. Our analysis of the long-term BCI trend indicates a
significant increase over the period study period (1989-2011). The long-term increase in
BCl is likely associated with reduction of sea ice, duration of open water, upwelling
potential (wind stress), and possibly higher production in the Western Arctic marine
ecosystem favoring water-column invertebrates. Concurrent with study period the
abundance of bowheads has increased markedly with a constant or accelerating annual
rate of increase. We suspect that high body condition and the population increase are
related. We also examined seasonal changes in BCI. A strong seasonal difference in BCI
was noted particularly for sub-adult bowheads which is presumably associated with
summer feeding; however, post-weaning yearlings drop in BCI over their first summer
and possibly longer.
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Chukchi Sea Offshore Monitoring in Drilling Area (COMIDA): Impact Monitoring for
Offshore Subsistence Hunting The purpose of this project is to initiate monitoring efforts
of offshore subsistence hunting for key marine mammals among the two communities,
Point Lay and Wainwright, that are most proximate to recent Outer Continental Shelf
(OCS) oil and gas leases and to anticipated offshore exploration and development in the
Chukchi Sea. The Bureau of Ocean Energy Management (BOEM) established an updated
baseline in the area with three years of monitoring of offshore subsistence harvest
activities. Stephen R. Braund & Associates (SRB&A) monitored offshore subsistence
hunting in Point Lay and Wainwright beginning in March 2010 and continuing in 2011
and 2012. Collecting data on hunting and harvesting activities will allow for the
assessment of potential effects related to development and the identification of mitigation
strategies to help lessen those effects. This project involved working with local marine
mammal hunters to document where offshore subsistence activities occurred with the use
of Global Positioning System (GPS) units, followed by interviews with hunters to gather
additional data about their offshore hunting trips. The study gathered data on the number
and composition of hunting groups, duration of hunting activities, the locations of search
areas and harvest strikes, number of prey harvested, hunting trip costs, and hunter
observations regarding weather and ice conditions, access issues, increased hunting risks
or costs, and resource changes.
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Scientific data collection in the Arctic has grown exponentially in recent years through
initiatives led by government, the oil and gas industry, and academic institutions. This
includes real-time data, forecast models, time-series monitoring, and project level data.
Continued effort is needed to maintain and expand these efforts. However, there is a
simultaneous need to integrate existing information to better understand the environment,
promote safe operations, and inform decisions regarding human activities. Integrating
Arctic data is challenging. Many data sets are housed in isolated and physically dispersed
agencies, sometimes across borders. Technical barriers such as complex data formats lack
of standardization, and inadequate or nonexistent metadata have also made acquiring and
using available scientific information a daunting task. As a result, existing data is often
underused in current planning and decision-making processes. To help address these
needs, the Alaska Ocean Observing System is developing interactive web-based tools to
assist scientists, regulators, coastal managers, spill responders and citizens. This
presentation will highlight the AOOS Arctic Portal — an online interactive mapping
application that visualizes model output, real-time sensor measurements, satellite imagery,
and GIS layers in a seamless interface. Users are able to choose from several hundred
layer options including satellite imagery, ocean circulation and temperature models,
habitat maps, environmental sensitivity indices, ice parameters, and other layers. The
goal of this tool is to improve access to existing information that can benefit a wide
spectrum of management efforts. Potential applications include marine shipping, off-
shore development, conservation, climate change, and community planning.
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Ocean acidification (OA) has direct implications for the US fishing industry, but many
individuals believe that more immediate threats to the ocean, such as pollution and
offshore drilling, pose a greater risk. Evaluating how people view and value the
implications of degrading ocean health, and how OA fits into this process can help
determine where and how to focus OA outreach initiatives to maximize both
understanding of OA and support for OA-related research and policy. This project will
presents an interdisciplinary survey aimed to better understand the multitude of variables
that influence the perceptions of the risk associated with OA, but also environmental
literacy and support for mitigation efforts related to OA. Using these results, we were
able to quantify the variables that influence individual willingness to support OA research
and mitigation. Furthermore, information gained from the survey was used to better
understand if and how individuals are reacting to the current variable degree of OA in
different regions of Alaska. This has helped us identify where there are gaps in
understanding of OA in Alaska, and how future OA initiatives can be implemented in
order to prepare individuals, communities, and the fishing industry for future changes in
ocean chemistry.
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The Arctic Ocean (AO) is integral to the global ocean by exchange flows with the
subarctic Atlantic and Pacific, with the Atlantic dominating by mass and heat fluxes, and
the Pacific dominating in terms of impact on vertical stratification. Here, we summarize
the status of knowledge on the Arctic Basins from a bio-physical perspective. Two basic
water mass assemblies differ in the absence/presence of Pacific Water (PW) sandwiched
between Arctic Surface Water above and Atlantic Water (AW) below, with characteristic
expatriate planktonic biota in PW and AW, and strongly vertically structured zooplankton
communities. The four basic large-scale circulation systems of the Arctic basins include
(1) the northern thermohaline circulation that drives PW through Bering Strait into the
Canada Basin (CB), and counter-flowing AW through Fram Strait (FS) across the
Barents Sea into the Nansen Basin, (2) wind-driven circulation which forces the cyclonic
Trans-Polar Drift from Siberia to FS and the anticyclonic Beaufort Gyre in the CB; (3)
the topographically-trapped Circumpolar Boundary Current which carries AW
cyclonically around the basin boundaries and PW along the southern boundary of the CB;
and (4) slow exchanging Arctic Ocean Deep Waters which form in the Greenland Sea,
enter through FS, and spread within the basin interior. Massive submarine ridges act as
barriers to the free exchange of deep and bottom waters and constrain circulation,
although they do not appear to fully prevent biotic dispersion. Owing to stratification-
related nutrient limitation and light limitation mediated by snow, ice cover and sun angle,
primary production is low, characterized by small phytoplankton and a sub-surface
chlorophyll maximum in the Pacific Arctic. Advective inputs add food supplies to pelagic
and benthic biota near the basin perimeter with decreasing pelagic and benthic biomass at
increasing depths, and long food webs at great depths driven by refractory organic matter
in a diverse, highly endemic benthos. The accelerating pace of change over the basins in
the past decades is most obvious in the loss of ice volume and extent resulting in sea ice
annually retreating past the shelf break, facilitating shelf-break upwelling of nutrients
from subsurface basin-waters onto the shelves.

27



AMSS-2014

Arctic - Ecosystem Perspectives

The Unique Physical Dynamics And Biological Seasonality Of Lagoon Ecosystems
Along The Eastern Alaska Beaufort Sea Coast: Linkages To Food Webs And
Carbon Resources

Kenneth Dunton, ken.dunton@utexas.edu
James McClelland, jimm@mail.utexas.edu
Tara Connelly

Byron Crump

Colleen Kellogg

Zhanfei Liu

Nathan McTigue, mctigue@mail.utexas.edu

Coastal lagoons of the eastern Beaufort Sea are extraordinarily diverse with respect to
their physical and biological characteristics and serve as critical habitat for an array of
organisms of enormous ecological and subsistence value. Their unique physiography, a
product of physical processes driven by ice, sediment transport, and freshwater inflows is
linked to their importance as nurseries for an array of fauna and feeding grounds for over
150 species of migratory birds. Our work has revealed that these lagoons are subject to
substantial seasonal variations in their hydrography, largely driven by the magnitude of
water exchange processes with the Beaufort Sea, especially during the ice-covered period.
Distinct vertical stratification in winter, likely a product of limited circulation and high
water residence times, results in hypersaline (43) lagoon waters and net heterotrophic
(values to 25% oxygen saturation) during winter, before rebounding during the period of
ice break-up to net autotrophic (>100% saturation). In concert with these observed
physical events, we find distinct seasonal patterns in microbial community structure,
contributions of terrestrial and marine-sourced particulate organic matter (POM), and
levels of inorganic-N. Our visits to study sites along the eastern Alaskan Beaufort Sea
coast during both ice-covered and open-water periods reveal high concentrations of
sediment chlorophyll in late winter and early spring, nearly twice that measured during
the summer months. HPLC analyses revealed a high proportion of diatom pigments
(fucoxanthin). Stable isotopic analyses of infauna and epifaunal species have confirmed
the significant assimilation of marine carbon during the period of ice-cover, with
increasing dependence on terrestrial organic matter through the summer, contrary to our
original hypotheses on the seasonal importance of autochthonous vs. allochthonous
carbon sources to lagoon food webs. Measurements of water and sediment chemistry,
benthic and water column community characteristics, and natural abundance isotopic
tracers promise to reveal the dynamic nature of these productive lagoon ecosystems under
different hydrologic conditions. Our research has benefited from the special relationships
we have developed with the community of Kaktovik through our field K-12 educational
programs and partnerships with local citizens.
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The Pacific Arctic is undergoing rapid climate change and increased human activity.
Conservation efforts for apex predators such as marine birds and mammals will require
information on species’ distributions and identification of important marine areas. Our
goal, as part of the multidisciplinary Synthesis of Arctic Research, was to describe broad-
scale distributions of marine birds and mammals in the eastern Chukchi and western
Beaufort seas. Bird and mammal distributions are influenced strongly by life history
patterns and, in the Arctic, by the extent and timing of sea-ice coverage; therefore, we
examined spatial patterns of relative abundance in summer (15 June—31 August) and fall
(September—November). We integrated data from 2007-2012, including shipboard
surveys for seabirds (~ 50,000 km surveyed) and aerial surveys for marine mammals
(~139,000 km surveyed). We standardized survey data in 40-km grid cells and used
Getis-Ord Gi* hotspot analysis to test for cells with significantly higher densities.
Analyses accounted for a strong “colony effect” for birds, extremely high densities of
belugas over Barrow Canyon (BC), and anthropogenic attractants for polar bears. We
identified density hotspots for selected species and areas that were hotspots for both birds
and mammals. Among bird species, hotspots were often near underwater canyons or
slope edges. The Bering Strait region was also a hotspot of bird density in both seasons,
even after removing cells within 40 km of breeding colonies. Mammal species had
hotspots near BC as well, and near a small canyon in Hope Basin. Gray whales also
frequented the shelf off of Wainwright and walrus aggregated near Hanna Shoal. In fall,
mammals showed a slight shift to the western Beaufort and farther offshore. The common
hotspots for birds and mammals during summer were the mouth of BC, the head of BC
off of Wainwright, and an area south of Hanna Shoal. In fall, only the mouth of BC was a
significant hotspot for both groups. These static features are associated with strong fronts
caused by upwelling and currents, and can have high densities of euphausiids in the
summer and fall.
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Numerical ocean models have long-predicted a mean clockwise circulation around Hanna
Shoal. The predicted flow field consists of waters flowing northward from the Bering Sea.
Some of these flow through Herald Valley and then turn eastward where they merge and
merge y with waters flowing northward from the Central Channel along the northwest
side of Hanna Shoal. East of the Shoal, the modeled mean flow is southward along two
branches: one path leads directly toward the head of Barrow Canyon, while the other
flows to the south side of Hanna Shoal before turning eastward over the central shelf.
Until recently there have been no systematic set of observations for the verification of
these model predictions. We use data from current meter moorings, satellite-tracked
drifters, hydrography from ships and gliders, and hig-frequency, shore-based radars to
examine the time-varying circulation around Hanna Shoal, its connections to other
portions of the Chukchi Sea shelf, and the circulation response to the wind field. We
show that the regional flow field plays an important role in the establishment of fronts,
the water mass distribution of the northeastern Chukchi Sea, and in the seasonal retreat
and advance of sea ice. Each of these features plays a critical role in structuring the
regional ecosystem.
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In 2008-2012, the interdisciplinary study Chukchi Sea Environmental Studies Program
studied the ecology of the northeastern Chukchi Sea during the open-water season.
Physical and ecological phenology differed dramatically among years, with years of early
ice melt (“warm years”) in 2009—2011 and years of late ice melt (“cold years™) in 2008
and 2012. The northward flow of Bering Sea Water is a major source for heat, plankton,
and fishes; it is restricted to the vicinity of the Central Channel in cold years but spreads
over much or all of the northeastern shelf in warm years. Meltwater often lies at the
surface over Hanna Shoal, creating a pool of cold, often poorly productive water; it is
more widespread at the surface in cold years than warm years. The pool of Winter Water
on the bottom structures benthic communities and, consequently, affects the distribution
and abundance of benthic-feeding marine mammals; it lies to the southeast of Hanna
Shoal. Questions about large-scale patterns affecting the northeastern Chukchi include
the importance of northward flow of Bering Sea Water in structuring these interannual
differences in zooplankton and other communities, reasons for the poor abundance of
pelagic fishes throughout the area, and temporal changes in the abundance of large
zooplankters that seabirds and cetaceans consume.
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Seasonal sea ice duration and extent and seawater temperatures are critical factors driving
biological processes and marine ecosystem structure in the Arctic. Biological systems
clearly can be expected to respond at different time and space scales to these
environmental changes. In the Pacific Arctic high productivity water column and benthic
areas that are annually persistent and seasonally consistent can be termed “hotspots,”
where organic carbon cascades efficiently to marine mammals and seabirds. Identifying
and collecting key prey-predator biological data in the context of high priority physical
and chemical measurements will allow for integration of these data into further
community analyses and ecosystem modeling efforts. System level questions that could
be addressed through the DBO include how will decreasing seasonal sea ice cover and
warming seawater impact lower trophic prey populations and their ability to support
upper trophic predators, such as marine mammals and seabirds? Can we evaluate the
interannual seasonality of the biological responses to patterns of sea ice retreat and
associated hydrography by observing biogeochemical and biological parameters over
periods that have significantly different sea ice regimes? In order to more systematically
track broad biological responses to changing physical drivers, a cooperative effort by
scientists in the Pacific Arctic Group (a consensus-driven international consortium
working in collaboration with the marine working group of the International Arctic
Science Committee) have implemented the Distributed Biological Observatory (DBO). A
series of coordinated, multi-trophic level observations include select physical,
biogeochemical and biological measurements along five biologically significant transects
in the Pacific Arctic. Seasonal measurements are made simultaneously with hydrographic
surveys, satellite observations, and biophysical moorings. Data archiving of DBO results
from both national and international participants through a common portal is being
developed. This presentation will highlight results at all 5 DBO sites from 2010-2013 in
relation to retrospective and ongoing process-oriented studies in the region. Further
information on the DBO and biological time series changes in the Pacific Arctic region
can be found at the following website: <http://www.arctic.noaa.gov/dbo>.
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The Pacific Marine Arctic Regional Synthesis (PacMARS) is a research synthesis effort
funded through the North Pacific Marine Research Board that is developing an up-to-date
understanding of the Pacific-influenced shelf ecosystems of the Arctic Ocean, including
its human dimensions. The overall approach is to: 1) identify and synthesize relevant data
sets and natural and social science studies in research areas that include physical
oceanography, marine ecology, contaminant chemistry, and human adaptation, and 2)
define the high-priority, overarching scientific themes and research needs for the next
decade or more of marine ecosystem studies in the Pacific Arctic Region. This effort
includes compiling the best available knowledge from local communities, peer-reviewed
social and natural sciences, as well as to document less readily available sources, e.g.
gray literature and traditional and local knowledge. The PacMARS synthesis effort is
structured to address uncertainties in knowledge and to summarize what is already known.
Community meetings were held in Savoonga, Gambell, Nome, Kotzebue, and Barrow in
2013 during which members of the PacMARS project consulted with representatives of
coastal communities within the study region, including discussing the emerging questions
important for the understanding of arctic ecosystems from researcher and community
perspectives. The assembled data and other synthesis products resulting from project
efforts have been transferred to the National Center for Atmospheric Research’s Earth
Observing Laboratory (EOL; http://arctic.eol.ucar.edu) and will be publicly accessible by
the time the final report for this project is submitted in June 2014. These data sets form
the foundation for a suite of planned peer-reviewed synthesis publications. In this
presentation, we provide examples of synthesis activities undertaken, and resulting
products. We discuss the challenges and data limitations that need to be overcome to
address the myriad research and practical needs of this region in the context of changing
environmental conditions. Ultimately, we hope that our contribution will facilitate
effective management and promote sustainable use of marine resources, from subsistence
use to commercial fisheries to commercial exploration and development.
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We present a conceptual model of the closely co-dependent Bering shelf, Bering Strait,
and Chukchi shelf circulation fields by evaluating the effects of wind stress over the
North Pacific and western Arctic. Bering Strait transport anomalies are set by the
longitudinal location of the Aleutian Low, which drives oppositely signed anomalies at
synoptic and annual time scales. Synoptic scale variations result from local wind forcing
and remotely generated continental shelf waves, whereas annual scale variations are
driven by basin adjustments to wind stress. In particular, we show that storms centered
over the Bering Sea excite continental shelf waves on the eastern Bering shelf that carry
velocity anomalies northward through Bering Strait and along the Chukchi coast. Storms
over the Bering Sea also tend to decrease the northward Bering Strait transport at annual
to decadal time scales by imposing cyclonic wind stress curl over the Aleutian Basin and
the Western Subarctic Gyre: Ekman suction then increases the water column density
through isopycnal uplift, thereby decreasing the dynamic height, sea surface height (SSH),
and Pacific-Arctic pressure head. Storms displaced eastward over the Gulf of Alaska
generate an opposite set of Bering shelf and Aleutian Basin responses. Over the western
Chukchi and East Siberian seas, anticyclonic winds of the Beaufort High promote coastal
divergence, which also increases the Pacific-Arctic pressure head and generates shelf
waves that impinge upon Bering Strait from the northwest.
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While the long term means of currents on the middle shelf of the Bering Sea (measured at
M2, M4, M5, and M8) are very weak, (<Icms-1), there are significant patterns at both
seasonal and storm scales. These patterns differ at each mooring. At M2, “summer”
surface currents (15 May-15 September) are largely wind-driven. However, during the
“winter” (1 November-1 April) bottom currents significantly modify the current structure.
Winter currents, which provide paths of transport for heat, nutrients, zooplankton and
larval fish, tend to parallel the Alaska peninsula. At M4 it is the summer during which
currents deviate from being purely wind-driven. Significant southward bottom flow
dominates the flow top to bottom during this time. This southward flow is likely related
to the anti-cyclonic flow observed around the Pribilof Islands and likely advects
zooplankton and larvae southward. At M5, the currents are largely dominated by the
wind in both summer and winter. Summer currents at M8 are very weak. In the winter,
before ice covers the site, currents there are strongly baroclinic, with dominantly
westward flow unrelated to winds. This westward flow likely brings colder water and
helps advect ice over the site. Only after ice covers M8 does the wind dominate the
currents. These north-south differences in currents on the middle shelf have implications
for sea ice cover, water column structure, water temperature, and salinity (including
nutrients), and for the transport of zooplankton and larval fish.
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This talk will introduce recent developments in modeling the coupled climate-ocean
system in the Bering Sea and Aleutian Islands and discuss several output variables of
particular interest to researchers and managers who are attempting to better understand
climate impacts and assess vulnerabilities of resources and human communities in the
region. New information to be presented includes downscaled outputs from the most
recent generation (CMIPS) of global climate models for the mid-21st century. Results
include but are not limited to temperature, precipitation, sea ice, winds, storms and other
extreme events as derived from regional climate modeling (dynamical downscaling).
Downscale methods and relative uncertainty across different output variables will be
described in the context of climatic variability. Efforts to integrate climate information
into whole-system models of ocean response will also be highlighted to illustrate
applications of a single climate model on physical oceanography and productivity. The
purpose of this plenary talk is to provide a summary of the best available climate science
for the region, as well as its capabilities and limitations, so that the practitioner
community can become better informed about the current state of climate projections.
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The Eastern Bering Sea is a dynamic region that has undergone significant changes in the
character of the ecosystem during the past several decades in response to global change
processes. This transition has been delineated by declines in Arctic species, while more
temperate populations have taken their place. Of particular concern is that the ecosystem
may shift to an alternative state, with unknown consequences for commercial or
subsistence fisheries. New evidence suggests that the accumulation of anthropogenic
carbon dioxide may be one of the leading drivers of change, particularly in the benthic
environment where species that are sensitive to ocean acidification (OA) dominate. The
intrusion of carbon dioxide emitted from human activities is already causing some
carbonate mineral dissolution in areas of the southeastern Bering Sea Shelf. The
dissolution of carbonate minerals could have a negative impact on economically
important organisms in the region by inhibiting the production and maintenance of
carbonate shells and tests. Here, we use recently collected data from a variety of
platforms to identify the natural sources of seasonal carbon dioxide accumulation that
precondition these areas to exhibit uniquely enhanced vulnerability to OA. These data
provide new insights into late-season biogeochemical processes and the impact of
seasonal sea-ice coverage on the regional carbon system. We show that OA amplifies the
effects of natural physical conditions and respiration processes by increasing the intensity
and lengthening the duration of carbonate mineral undersaturation events, indicating that
anthropogenic perturbation to the carbonate system likely induces most of the observed
carbonate mineral dissolution. Presently, we expect that the most intense carbonate
mineral dissolution is limited to bottom waters in cold, slow-moving, highly productive,
ice-covered areas of the northern shelf. However, our projections of continued OA in the
Bering Sea indicate that these conditions will persist in the next decade and will likely
cover the entire continental shelf region within the next 100 - 200 years.
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The timing and magnitude of seasonal productivity in subarctic ecosystems can strongly
influence the amount of energy that travels through the ecosystem from phytoplankton to
zooplankton to fish. The timing of spring productivity (ice algae and phytoplankton) is
related to sea ice coverage and retreat and set up of stratification, which in turn can
impact zooplankton productivity and growth. Summer primary productivity sustains
zooplankton productivity and can impact food resources for fisheries on the eastern
Bering Sea shelf. Summer and fall productivity on the shelf is affected by vertical
stability in the water column and wind events which impact vertical movement of
nutrients to the surface waters. In fall the reduction of light due to vertical mixing of the
water column marks the end of the growing season. To assess the relationship between
primary production, physical drivers and potential impacts on fisheries, we compare
available primary production data, length of winter (termed period when phytoplankton
prey are unavailable for secondary producers), summer stratification and wind events,
surface nutrient concentrations, zooplankton abundance and age 0 pollock size and
energy content over recent years (2003-2011). Preliminary results suggest that high
summer stratification and few wind mixing events can lead to lower primary production,
lower silicate and reduced size for age-0 Pollock in the eastern Bering Sea.
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Although euphausiids of the genus Thysanoessa (‘krill’) are a key zooplankton taxon in
the Bering Sea ecosystem, the processes controlling variation in the standing stock of
these animals are not well understood. Both forcing by temperature (‘bottom up’) and
predation (‘top down’) has been proposed. The relative importance of these alternative
explanations is important to our conceptual model of how the Bering Sea ecosystem
functions now, and how it may change in the future. We developed multivariate
regression models to examine the spatial distribution of euphausiids and walleye pollock
(Theragra chalcogramma, their single most important predator in the Bering Sea), using
acoustic and trawl survey data collected in six summers from 2004 - 2010. Our
hypothesis was that if strong top-down control dominated, there would be a strong
negative relationship between the standing stocks of these animals. We used the models
to evaluate the relative importance of pollock biomass and water temperature in
predicting euphausiid biomass, and found that temperature was a far better predictor. This
result is not consistent with dominant top-down control of euphausiids by predation.
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Spatial And Temporal Analysis Of Dispersal Pathways In Slope-Spawning Flatfish
In The Eastern Bering Sea
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When adult spawning and juvenile settling locations of marine fishes are geographically
separated, early life history stages must rely on transport and their own behavior to move
them toward suitable habitats for successful recruitment to the juvenile phase. Despite
similar spawning times, locations, and depths, Greenland halibut (GH, Reinhardtius
hippoglossoides) and Pacific halibut (PH, Hippoglossus stenolepis), two commercially-
important flatfish species in the eastern Bering Sea (EBS), exhibit distinct differences in
the distribution and abundance of their egg, larval, juvenile, and adult stages, as well as
their overall population dynamics. Mechanisms that drive these species-specific
differences are unknown, however slight variations in their spawning times and locations,
variations in their intrinsic pelagic larval durations (PLD) and vertical distributions,
and/or variability in their ability to utilize ocean currents likely influence their dispersal
pathways. To understand the physical mechanisms of larval delivery to shelf nursery
areas, we simulated GH and PH dispersal pathways from their source (e.g., spawning
areas over the continental slope) to settlement locations (e.g., juvenile nursery areas over
the continental shelf) using DisMELS (Dispersal Model for Early Life Stages), an
individual-based particle tracking model developed to provide flatfish recruitment
forecasts in the EBS. Eggs were released at 32 spawning locations in Bering Canyon at
four-day intervals over the spawning season (Nov.2nd — Feb.26th) in years representing
good and bad settlement success for each species. Eggs and larvae were tracked daily for
the length of their PLD, 270 and 200 days for GH and PH, respectively. Dispersal
corridors of successfully settling larvae, those which encountered pre-defined settlement
areas during their competent-to-settle period, were compared over contrasting years, as
well as between species. Local oceanographic and atmospheric conditions were also
examined to explain variability in dispersal corridors. In general, GH connected with
shelf nursery areas via more northern corridors, while PH connected via more southern
ones, though corridor use varied between years for both species. Spawning time and
location, along with climate-induced changes in circulation, appear to differentially affect
GH and PH dispersal pathways and their potential recruitment to the juvenile phase.
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The eastern Bering Sea outer shelf and upper continental slope habitats support some of
the world’s most productive fisheries. Several of the world’s largest submarine canyons
incise the eastern Bering Sea shelf break including Bering, Pribilof, Zhemchug, Pervenets
and Navarin canyons. The North Pacific Fisheries Management Council (NPFMC)
recently received testimony to protect coral, sponge and other benthic habitat of fish and
crab species for two of these canyons; Pribilof and Zhemchug. To address the question of
unique canyon properties we examined the role of canyons in the eastern Bering Sea
using the Alaska Fisheries Science Center groundfish bottom trawl survey data, testing
the hypothesis that survey catch data identifies canyons as unique habitats. We applied a
host of linear, multivariate and non-parametric analysis to the data focusing on unique
habitats along the slope as identified by fish and invertebrate distribution, abundance and
several diversity indices. Results showed little evidence of canyons being unique habitats
when compared to adjacent slope areas; however there were strong depth and latitudinal
components to the faunal distribution. The major gradients structuring the communities
of fish and invertebrates on the eastern Bering Sea slope appear to be depth and latitude,
rather than the presence or absence of submarine canyons. Presented will be the latest
analysis of the survey trawl data focusing on diversity indices with respect to the canyon
areas.
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Effects Of Ocean Acidification On Embryo Development And Fecundity In Tanner
Crab, Chionoecetes Bairdi.
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Anthropogenic burning of fossil fuels is causing an increase in the carbon dioxide
concentration in both the atmosphere and oceans. This has caused the pH of the oceans
to drop about 0.1 pH units since the start of the industrial revolution and a further
decrease of 0.3 units is likely by the end of the century. This change in pH, or ocean
acidification, is expected to affect marine animals and communities with calcifying
species expected to be particularly vulnerable. We tested the effects of decreasing pH on
embryogenesis and fecundity in Tanner crab, Chionoecetes bairdi. Ovigerous Tanner
crabs with newly extruded embryos were captured in the Gulf of Alaska and held at
ambient (8.0), 7.8, and 7.5 pH waters throughout embryo development. Embryos were
sampled monthly and measured using digital micrographs. Hatch timing and fecundity
were determined by quantifying larval output throughout larval release. After hatching,
females were allowed to mate and extrude a second clutch of embryos and the experiment
was repeated for a second year. Embryo size at the end of the first year was slightly
higher with decreasing pH. At the end of the second year, most of the embryos that
developed in pH 7.5 waters failed to hatch, resulting in a decrease in fecundity. Hatching
failure was also observed in the other treatments to a lesser degree. Results indicate that
at a lower pH there is an increase in hatching failure, however hatching failure among all
the treatments lends this result inconclusive. Overall project results suggest that ocean
acidification may have a negative impact on the Tanner crab population.
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Cooperative Research To Develop New Trawl Footrope Designs To Reduce
Mortality Of Tanner And Snow Crabs (Chionoecetes Bairdi And C. Opilio)
Incidental To Bering Sea Bottom Trawl Fisheries
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The mortality of crabs encountering bottom trawls has long influenced management of
both Bering Sea groundfish and crab fisheries. NPRB Project711 provided estimates of
mortality rates for crabs that encounter, but escape, trawls and showed how these
mortalities could be greatly reduced by slightly raising the trawl components (sweeps)
that affect such crabs. The current project applies similar methods and resources to design
and test changes to trawl footropes, the other major trawl component that crabs encounter,
to reduce the remaining mortality of crabs due to trawling. Crabs encountering trawl
footropes can either escape or be caught in the trawl net. As many more of the captured
crabs die, sending more crabs under the footrope can reduce crab mortality. Because
current footrope designs already capture a low proportion of crabs, other improvements
will be needed that reduce damage to those escaping crabs. Working cooperatively with
Bering Sea trawl captains to ensure practicality and relevance to their commercial fishery,
new footrope design concepts were developed and tested. Using previously developed
auxiliary nets fished behind the footrope and a validated Reflex Action Mortality
Predictor (RAMP) for Chionoecetes spp. we were able to estimate both bycatch and
escape mortality for crab and escape rates for commercial fish species. Four different
footrope configurations were tested. Two configurations were tested with and without the
use of artificial light. Crab bycatch appeared to be more a function of how the fishing line
was rigged in relation to the footrope, than the footrope configuration itself. Lower
positioning of fishing line increased crab bycatch. Crab escape mortality was reduced
with larger bobbins and wider spacing. Commercial fish species escapement was
surprising low given the seafloor clearance created by the larger more widely spaced
bobbins. This information has been presented to Bering Sea trawl captains, so they can
incorporate it into their fishing operations. Additionally, we are incorporating Bering Sea
trawl captain’s, fisherman, and representatives into the continued testing of the footropes
at the Flume Tank in St. John’s Newfoundland in November of 2013.
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Size-Selective Survival Of Kvichak River, Bristol Bay, Alaska Sockeye Smolts in
relation to smolt characteristics, ocean conditions, and sockeye productivity
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The Kvichak watershed in Bristol Bay Alaska once supported the largest sockeye
population in the world. In peak years, Kvichak River sockeye represented more than
50% of total sockeye salmon returning from the North Pacific Ocean, but beginning in
the 1990s, the abundance of Kvichak River sockeye declined substantially. It was
classified as a Stock of Concern until 2013. Survival of salmon in the ocean is believed
to be size-selective such that larger, faster growing fish are more likely to survive.
However, little is known about how size-selective survival of Kvichak River sockeye
salmon (and other salmon) varies over decades in response to ocean conditions and
climate shifts. To estimate size of surviving Kvichak River sockeye smolts size, we
developed a smolt length/scale radius regression from juvenile salmon scales and back-
calculated size of age-1 and age-2 smolts from adult sockeye scales, 1955 to 2008. Size
of surviving smolts was compared with observed smolt size entering Bristol Bay, and the
degree of size-selective survival was estimated for each smolt age and adult age group
during the 54 year period. We examined potential fyke net avoidance by larger age-2
smolts during the past five decades but found little evidence that avoidance might bias
patterns of size-selective survival. Size of surviving smolts after 2-3 years at sea did not
shift over time, but selectivity was greater after the mid-1970s regime shift in response to
smaller smolts leaving freshwater. Analyses indicated selectivity was higher in abundant
sockeye smolt years, perhaps reflecting early marine density-dependent growth and
survival. Selectivity was correlated with age-0 pollock abundance in the southeastern
Bering Sea possibly because larger sockeye smolts can eat larger, more energetic juvenile
pollock, which provide a highly important prey for juvenile sockeye salmon in warm
water years.
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Seabird Indicators Of Alaskan Ecosystems: Regionalization And The Use Of
Reverse Inference To Predict Forage Fish Abundance
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The Alaska Maritime National Wildlife Refuge (AMNWR) leads long-term, multi-
decadal population monitoring studies of ~19 breeding seabird species at ~20 colonies
throughout Alaska. As seabirds are conspicuous, and often closely track the temporal
environmental variability that drives changes in regional food webs, the Alaskan seabird
monitoring network provides an unparalleled opportunity to investigate the role of
seabirds as indicators of ecosystem transitions over large (basin-wide) spatial scales.
Breeding success (no. young breeding pair-1 year-1) is the most common currency
measured for seabirds globally, as well as in Alaska, and has been shown to vary
predictably with prey abundance, typically in a sigmoidal or log-linear fashion (Cury et al.
2011 Science). Using a subset of the extensive AMNWR database, we investigated the
use reverse inference to hind-cast forage fish abundance in Alaska LME over the past 30
years. We first evaluated the covariance in breeding success (and phenology) of 4
common species (common and thick-billed murres and black-legged and red-legged
kittiwakes) from 14 colonies, and then combined datasets when appropriate using
Principal Components Analysis (PCA). Missing values from these sites were estimated
using multiple imputation. Based on the estimated covariance, combining genera (e.g.,
Uria murres with Rissa kittiwakes) was not found to be appropriate, but six colonies in
the Bering Sea - Aleutian Islands (BS-Al) ecosystem showed a high level of covariance
and thus could be combined to provide a regional perspective. We then used the first
Principal Component to derive an integrative time series of murre or kittiwake
“productivity”, and subsequently coupled these indicators with the non-linear equation of
Cury et al. (2011) to predict surface (kittiwake) and sub-surface (murre) variation in
forage fish abundance. By regionalizing the seabird “seascape” and linking these results
to well-established numerical response relationships, we provide a unique perspective on
food web dynamics, particularly for the BS-AI ecosystem, which complements traditional
acoustic-trawl survey methods for monitoring epipelagic forage fish populations in
Alaska. The pros and cons of this approach are discussed.
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Kittlitz's Murrelet, a small seabird in the auk family, evolved in Beringia during the early
Pleistocene and thrives in icy-cold environments. Present-day breeding populations are
associated with glaciated coastal areas of the Gulf of Alaska (GOA) and Bering Sea.
During summer, murrelets nest in these areas and lay a single egg on bare rocks on alpine
mountain slopes up to 2500 m in elevation and 70 km inland. Nest-bound adults forage
away at sea on energy-rich prey such as sand lance, capelin and krill, typically in cold or
glacially-modified marine waters where such prey are abundant. Satellite tagging and
isotopic diet studies suggest that after breeding, murrelets from the GOA migrate up to
3500 km into the Bering, Chukchi and Beaufort seas, probably in search of fatty forage
fish to sustain a flightless molt and lay on fat reserves for winter. Many murrelets then
overwinter in polynyas or along the sea-ice edge of the Bering Sea. Compared to other
alcids, murrelets have a more limited capacity to buffer against food shortages, and the
annual odyssey of Kittlitz’s murrelets among extremely cold terrestrial and marine
environments must be challenging. As a cold water specialist, how have they fared during
recent warm climate cycles? Evidence suggests that as water temperatures warmed in the
GOA and Bering Sea after the 1976 regime shift, murrelet populations declined markedly
until the mid- 2000s. These declines coincided with large-scale changes in biogeography
of forage species in the GOA and Bering Sea that were in turn linked with multi-decadal
climate cycles. Effects may resonate across seas and seasons. For example, the decline of
murrelets in Prince William Sound between 1989 and 2007 is strongly correlated with an
increase in average trophic level and northward spatial displacement of fish communities
on the SE Bering Sea shelf. As conditions have returned to normal (cold) in the SE
Bering Sea and GOA, murrelet populations in PWS are increasing again for the first time
in 30 years. In any case, it appears that murrelet population dynamics depend on their
foraging success in four different marine ecosystems of Alaska.
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Preliminary Results Of Of An Experimental Study Of Geolocation Tag-Effects On
Parakeet And Whiskered Auklets
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Auklets are the numerically dominant seabirds breeding in Alaska, but little is known
about their behaviour outside of their short breeding season. Winter movement and
behaviour at sea are often cited as key missing pieces of information when evaluating
effects of natural and anthropogenic factors on seabird populations. Among auklets,
Parakeet auklets (dethia psittacula) are believed to disperse most widely, and Whiskered
auklets (Aethia pygmaea) are thought to be year-round Aleutian residents, wintering close
to breeding sites. Recent innovations have led to development of light-based geolocation
tags light enough to deploy on small seabirds, but to ensure biological relevance of
resulting data we need to evaluate any potential effects of the tags themselves. In 2012
we deployed LOTEK LAT-2900 2g geolocation tags (total attachment 1.3% body mass)
on Parakeet auklets breeding at Buldir Island, Alaska. In 2013 we used new MIGRATE
TECH 1g tags (total attachment 0.75-1.3% body mass) on Parakeet (N = 16 1g tags; 19
2g tags) and Whiskered auklets (N =23 1g tags). We found no difference in fledging
success between tagged and control birds for either species, and similar adult return rates
for Parakeet auklets. In 2012 we found no negative impact on the growth rates of chicks
from tagged Parakeet auklet nests. However in 2013 there were indications of delayed
growth and later fledging in both species. Chick growth rates across all treatments in
2012 were greater than measurements from Buldir in 1991, and fledging success was
above average, suggesting that food was abundant that year. In 2013, however, fledging
success was the lowest since 2004 for both species. All of the 11 LOTEK 2900 tags
recovered in 2013 malfunctioned and no useful data were obtained. With small sample
sizes, our results suggest that although light-weight geolocation tags can be a valuable
tool in the study of these and other seabird species, the typical guideline of 3-5% body
mass for tracking tags may be inadequate for some species, and even birds that show no
effects from tagging in a good year, might be unable to compensate in a bad year when
resources are scarce.
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Overlapping Shipping Traffic And Seabirds In The Aleutian Archipelago: A
Seasonal Risk Analysis
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Some of the largest seabird concentrations in the northern hemisphere are intersected by a
major shipping route through the Aleutian Archipelago (Al) of Alaska. Using data from
the North Pacific Pelagic Seabird database and integrating bathymetric features and
oceanographic characteristics we build a seasonally explicit predictive model of seabird
distribution in the archipelago, using random forests. We fit one model for each of ninety
seabird/waterbird species recorded in the database within 500 km of the Al. Colony-
effect, sea surface temperature, and month are the most important variables in the random
forest models. Combined seabird abundance peaks in August, with major concentrations
around Unimak Pass in the eastern Al, and along the continental shelf edges. During the
summer, the avian community is dominated by short-tailed shearwater (Puffinus
tenuirostris), a migrant that breeds in the southern hemisphere. Their abundance drive the
seasonal patterns of seabird densities. We multiply seabird densities with a published oil
vulnerability index for each species, thus obtaining seasonal maps of oil vulnerability. To
assess risk, we combine this vulnerability index with an index of shipping vessel traffic
density. Shipping density is our proxy for the probability of a shipping accident at a
particular location and time. The risk of shipping incidents to seabirds is greatest where a
high likelihood of an incident coincides with high vulnerability (and concentrations of
seabirds). Depending on the season, we identify high-risk areas around Unimak Pass
(eastern Al; the main pass), on the south-side of the Alaska Peninsula, and through two
passes in the western Al - the north side of Attu, and near Buldir Island. Of these sites,
the risk is highest (high bird vulnerability and high traffic density) in Unimak Pass and
south of the Alaska Peninsula. Our results can be used for defining marine protected
areas, proactive planning of shipping routes and staging of response resources, and as a
management tool in the event of a shipping accident.
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Bering-Okhotsk Seal Surveys (BOSS): Joint US-Russian Aerial Surveys For Ice-
Associated Seals, Spring 2012 And 2013.
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Scientists at NOAA’s National Marine Mammal Laboratory collaborated with colleagues
from the State Research and Design Institute for Fishing Fleet (“Giprorybflot™) in Russia,
to conduct synoptic aerial surveys of ice-associated seals (bearded, spotted, ribbon, and
ringed seals) in the Bering and Okhotsk Seas in spring 2012 and 2013. US survey flights
originated from airports in Nome, Bethel and Dillingham, AK and utilized airstrips in
Gambell, on St. Lawrence Island, and St. Paul, in the Pribilof Islands, to reach remote
areas of the central Bering Sea. The Russian team began surveys of the Sea of Okhotsk
from Khabarovsk in Tatar Strait, working their way through Shelikhov Bay and into
Karaginsky Bay. Surveys of the western Bering Sea started in Ossora, on the Kamchatka
Peninsula, and continued north to the Bering Strait. Most US flights were at an altitude
of 1,000 ft (300 m). A NOAA Twin Otter carried three FLIR SC645 thermal imagers that
recorded continuous data in the 7.5-13.0 um wavelength. Each thermal imager was paired
with a digital single-lens reflex (SLR) camera with a 100-mm lens. The combined
thermal swath width was approximately 1,500 ft (470 m). A second US aircraft (Aero
Commander) carried two sets of paired instruments, providing a swath width of
approximately 900 ft (280 m). The two US aircraft flew more than 31,000 nautical miles
(57,400 km) during 75 surveys, and collected more than 1.8 million SLR images. The
Russian aircraft (AN-38 Vostok) flew more than 12,000 nmi (23,000 km) during 32
surveys with similar instruments that provided a thermal swath width of approximately
2460 ft (750 m) at an altitude of 820 ft (250 m). The thermal imagers detect the warm
bodies of seals against the background of the cold sea ice, and the high-resolution digital
images help to identify the seal to species. The seal counts will be used to produce the
first comprehensive estimates of abundance for the four species of ice-associated seals
found in the Okhotsk and Bering seas, accounting for multiple sources of uncertainty
including detection rates; seal haul-out behavior; species identification; and changes in
ice extent and distribution.
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The ratio between energetic costs for obtaining food and energy required by animals to
meet their daily needs impacts survival and reproduction. This cost-benefit ratio is a
cornerstone parameter of many biological studies, but requires accurate measures of at-
sea metabolic rate and energy gain. Our goals were to 1) develop models that better
predict the at-sea metabolic rates of northern fur seals (NFS), 2) assess energy gained
while foraging, and 3) determine the cost-benefit ratio of their foraging trips. Twenty
lactating females were injected with doubly-labeled water (to estimate metabolic rate)
and carried GPS-TDR and accelerometers. We recorded morphometric measurements
before and after foraging trips, and calculated Overall Dynamic Body Acceleration
(ODBA), flipper stroke count while diving, dive parameters, and time-activity budgets
(i.e. time spent resting, diving, or travelling fast or slow). We also used acceleration data
to determine prey capture attempts, and estimated ingested energy from diet information.
From these data, we calculated the cost-benefit of each trip. Results from generalized
least square (gls) models showed that neither ODBA nor flipper stroke count alone could
accurately reflect energy expenditure of fur seals at sea. The best predictors came from a
multivariate model including time spent at sea, dive rate, ODBA and species. Time-
activity budgets also influenced energy expenditure. Energy consumed was based on our
estimates of number of prey consumed per night of foraging (~200 prey per seal
consisting mostly of juvenile pollock). Comparing estimates of energy intake with
estimates of at-sea energy expenditure to determine the cost-benefit ratio of foraging trips
provides a strong foothold for further energetics-based studies on pinnipeds, as well as
information about prey consumption and requirements needed to make conservation and
management decisions.
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A Little SNP Of This, A Little SNP Of That: Development Of SNP Chip Array To
Enable Rapid Identification Of Individual Pacific Walrus
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Recent technological advances in molecular genetics have enabled whole- or reduced-
genome scans of non-model organisms to be achieved in mere days. The rapid generation
of gigabytes of data allows investigators to efficiently seek highly informative molecular
markers that can be used for individual identification as well as estimating population
abundances and demographic rates. Genetic monitoring via molecular markers, such as
microsatellites (MSAT) and/or single nucleotide polymorphisms (SNP), can also be
achieved without ever capturing and physically tagging an animal. A genetic tagging
technique has recently been proposed for conducting a range-wide Capture-Mark-
Recapture (CMR) study of the Pacific walrus (Odobenus rosmarus divergens). The
amount of sea ice habitat available to Pacific walruses has declined over the last 30 years
as a result of global climate change. This trend is projected to continue and is predicted to
cause a population decline. Consequently, the Pacific walrus is a candidate species for
listing under the Endangered Species Act. To further the genomic understanding of
Pacific walruses, a non-model organism, and support a genetics-based CMR project we
subjected nuclear DNA from 36 walruses (18 male, 18 female) to high-throughput
massively parallel sequencing reactions on multiple next generation sequencing (NGS)
platforms. By leveraging access to and experience with a suite of NGS platforms and
bioinformatic protocols, a suite of high quality SNP have been identified that enable rapid
identification of individual Pacific walrus. The discovery, validation, and conversion of
walrus SNP assays have also afforded us the opportunity to directly compare their utility
against working MSAT within a CMR context. Though we have no reason to believe the
current panel of optimized MSAT is unsuitable for our purposes we are cognizant of the
need to analyze thousands of samples in relatively short periods of time. Given the high-
throughput capacity of today’s fluidic qPCR platforms, the creation and implementation
of walrus SNP chip arrays will expedite our ability to accurately discriminate individuals
while reducing the probability of genotyping errors and providing greater resolution of
the structure, size, and demographic rates of this species.
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Combining Community-Based Observations And Satellite Imagery To Describe The
Local And Regional-Scale Sea Ice Conditions Relevant To Bearded Seals And
Walrus In The Bering And Chukchi Seas
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Changing sea ice conditions can have profound effects on marine ecosystems and
subsistence hunting communities that depend on marine resources. Negative ice
anomalies have been correlated with more favorable hunting conditions in the Bering Sea,
but the duration of favorable spring ice conditions is also important as demonstrated by
the dramatically lower spring harvest in 2013 in Gambell and Savoonga that some
community members attributed to a rapid spring ice retreat. Given the complexity of
marine mammal responses to a changing environment, it is often useful to leverage the
observing capacity of local experts. We analyzed observations from April 2006 to July
2013 by indigenous sea ice experts in Barrow, Shishmaref, Wales, Gambell, and Toksook
Bay, Alaska to (1) examine associations of migrating walrus and bearded seals with local
and regional sea ice conditions, and (2) detect changes in the timing of the spring walrus
migration from the perspective of subsistence hunting activities. Community observations
were obtained from the Seasonal Ice Zone Observing Network (SIZONet) database
(http://eloka-arctic.org/sizonet/) and the Sea Ice for Walrus Outlook, SIWO
(http://www.arcus.org/search/siwo). SIZONet brings together geophysical methods of
monitoring and studying Alaska's coastal and shorefast sea ice with observations and
knowledge from local sea ice experts, and SIWO is a collaborative project that ties spring
sea ice forecasts with local observations of sea ice and weather conditions. By relating
community-based observations of sea ice, walrus and bearded seals with MODIS and
AVHRR satellite imagery we found that walrus were more sensitive to the persistence of
sea ice in Bering Strait during the spring migration compared to bearded seals. We did
not detect any changes in the timing and location of migrating walrus from March to July
when we compared current observations with previous reports from 1970 and earlier. Our
results suggest that despite the potential bias of hunters’ observations of walrus and
bearded seal distributions with respect to distance from coast and favorable weather
conditions, there is merit to using this approach to drive new research questions on how
marine mammals and subsistence hunters adapt to a changing environment.
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Costs Incurred By Alaskan Sablefish, Pacific Halibut And Greenland Turbot
Longliners Due To Killer Whale Depredation
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Killer whale (Orcinus orca) depredation (whales stealing or damaging fish caught on
fishing gear) adversely impacts demersal longline fisheries for sablefish (4noplopoma
fimbria), Pacific halibut (Hippoglossus stenolepis) and Greenland turbot (Reinhardtius
hippoglossoides) in the Bering Sea, Aleutian Islands and Western Gulf of Alaska. These
interactions increase direct costs and opportunity costs associated with catching fish and
reduce the profitability of longline fishing in western Alaska. This study synthesizes
National Marine Fisheries Service (NMFS) observer data, NMFS sablefish longline
survey and fishermen-collected depredation data to: 1) estimate the frequency of killer
whale depredation on commercial longline fisheries in Alaska; 2) estimate depredation-
related catch per unit effort reductions; and 3) assess direct and opportunity costs
incurred by longline fleets in western Alaska as a result of killer whale interactions. The
percentage of commercial fishery sets affected by killer whales was highest in the Bering
Sea fisheries for: sablefish (21.4%), Greenland turbot (9.9%), and Pacific halibut (6.9%).
Average catch per unit effort reductions on depredated sets ranged from 35.1-69.3% for
the observed longline fleet in all three management areas from 1998-2012 (p<0.001). To
compensate for depredation, fishermen set additional gear to catch the same amount of
fish, and this increased fuel costs by an additional 82% per depredated set (average $433
additional fuel per depredated set). In a separate analysis with six longline vessels in
2011and 2012, killer whale depredation avoidance measures resulted in an average
additional cost of $494 per vessel-day for fuel and crew food. Opportunity costs of time
lost by fishermen averaged $486 per additional vessel-day on the grounds. This
assessment of killer whale depredation costs represents the most extensive economic
evaluation of this issue in Alaska to date and will help longline fishermen and managers
consider the costs and benefits of depredation avoidance, deterrent use and alternative
policy solutions.
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Using Vessel Monitoring System (VMS) Data To Estimate Spatial Effort In Bering
Sea Fisheries For Unobserved Trips

Jordan Watson, jtwatson2(@alaska.edu
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Patrick Sullivan, pjs31@cornell.edu

The primary characteristics of fishing effort - how much, how often, when, and where -
are critical components for estimating the impacts of commercial fishing on target and
non-target species, as well as on their habitats. For vessels that target a number of North
Pacific species including pollock and Pacific cod, vessel monitoring systems (VMS)
transmit fishing vessel locations and times at regular intervals, capturing vessel
movement behaviors (e.g., speed and turn angles). Thus, they offer an opportunity to
resolve many of the uncertainties surrounding fishing effort in the absence of fishery
observers. We used the eastern Bering Sea pollock catcher vessel fleet as a test case for
utilizing VMS data to predict when fishing occurred. We combined VMS and 100%
fishery observer coverage data from 2011 and 2012 to build generalized additive models
of fishing effort. Out-of-sample model predictions of fishing and non-fishing behaviors
yielded a high degree of accuracy both within and across years. Models were extended to
data from 2003 - 2010 for which fishery observer coverage was 100% for a portion of the
fleet and 30% for the remainder. Out-of-sample predictions for the 100% coverage
vessels and for the observed portion of the 30% coverage vessels yielded similar
prediction accuracies to those from 2011 - 2012. Models were then extended to the
remainder of the fleet to predict fishing effort for the unobserved fishing trips. We also
compared these models to speed filters that have been employed in some cases to
estimate fishing effort from VMS data, finding that speed filters commonly over-estimate
the likelihood that fishing occurred. We are utilizing a similar methodology to estimate
unobserved fishing effort for the Pacific cod fishery in the Bering Sea and the pollock
and cod fisheries in the Gulf of Alaska. Our approach demonstrates an under-utilized
opportunity for VMS data, providing probabilistic estimates of fishing behavior through a
framework that is applicable across multiple gear types, target species, years, and
management areas.
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Jeremy Mathis, jeremy.mathis@noaa.gov

The extremely valuable commercial and subsistence fisheries in Alaska are located in
seas projected to experience rapid transitions in pH and other chemical parameters caused
by ocean acidification (OA) in the coming decades. Many of the marine organisms that
are most intensely affected by OA, such as mollusks contribute substantially to the state’s
commercial activities as well as the gross domestic product (GDP) of the United States.
Prior studies of OA’s potential impacts on human communities have focused on possible
economic losses from specific scenarios of human dependence on harvests and damages
to marine species. However, non-economic impacts due to OA are likely to also manifest,
such as changes in food security or shifts in livelithoods. Here, we describe the current
patterns of dependence on marine resources within the state that could be negatively
impacted by OA and current community characteristics to determine the risk to Alaska’s
fishery sector. Our analysis showed that regions in southeast and southwest Alaska that
are highly reliant on fishery harvests and have relatively lower income and employment
alternatives face the highest risk from OA. Results suggest that OA merits consideration
in policy and adaptation planning, as it may represent yet another challenge to Alaskan
communities, some of which are already in socioeconomic decline. To determine the
public awareness and understanding of this potentially game-changing threat we
conducted a statewide survey to better understand the multitude of variables that
influence the perceptions of the risk associated with OA, as well as environmental
literacy and support for mitigation efforts. We then used this information to better
understand if and how individuals react to the current variable degree of OA in different
regions of Alaska. This has helped us identify where there are gaps in understanding of
OA and how future OA initiatives can be implemented in order to prepare individuals,
communities, and the fishing industry for future changes in ocean chemistry.
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Spatial Match-Mismatch Explains Walleye Pollock Recruitment Variability Across
Contrasting Climate Conditions In The Eastern Bering Sea
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Understanding mechanisms behind variability in early life survival of marine fishes
through modeling efforts can improve predictive capabilities for recruitment success
under changing climate conditions. Walleye pollock (Theragra chalcogramma) support
the largest single-species commercial fishery in the United States and represent an
ecologically important component of the Bering Sea ecosystem. Variability in walleye
pollock growth and survival is structured in part by climate-driven bottom-up control of
zooplankton composition. We used two modeling approaches, informed by observations,
to understand the roles of prey quality, prey composition, and water temperature on
juvenile walleye pollock growth: (1) a bioenergetics model that included local predator
and prey energy densities, and (2) an individual-based model that included a mechanistic
feeding component dependent on larval development and behavior, local prey densities
and size, and physical oceanographic conditions. Prey composition in late-summer
shifted from predominantly smaller copepod species in the warmer 2005 season to larger
species in the cooler 2010 season, resulting in different growth conditions and year-class
survival. Observed diets reflected temporal variability in zooplankton composition,
corroborating hypothesized bottom-up control of survival. In 2010, the main prey of
juvenile walleye pollock were more abundant, had greater biomass, and higher mean
energy density, resulting in greater recruitment to age-1 compared to 2005. Spatial
patterns in prey composition and water temperature lead to areas of enhanced growth, or
growth ‘hot spots’, for juvenile walleye pollock and survival may depend on the overlap
between fish and these areas. This study provides evidence that a spatial mismatch
between juvenile walleye pollock and growth ‘hot spots’ in 2005 contributed to poor
growth conditions while a higher degree of overlap in 2010 resulted in improved growth
conditions. Our results indicate that climate-driven changes in prey composition and
quality can impact growth of juvenile walleye pollock, potentially severely affecting
recruitment variability.
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Top predators partition the Bering Sea
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We tracked the movements of seals and seabirds breeding on the Pribilof Islands (central
Bering Sea) and Bogoslof Island (southern Bering Sea) to determine where these central
place foragers feed relative to the constraints of distance from land, environmental
conditions, and availability of food. A total of 115 northern fur seals, 128 thick-billed
murres and 106 black-legged kittiwakes were equipped with GPS and activity tags in
2008 and 2009. At-sea locations showed no overlap in foraging areas for kittiwakes or
murres breeding on the two Pribilof Islands despite the islands being within foraging
distance of each other. Nor was there any overlap between the foraging areas for seabirds
from Bogoslof Island compared to those from the Pribilofs. Foraging ranges of northern
fur seals also showed segregation of feeding areas by breeding sites between and within
islands. The distinct segregation of feeding areas by breeding colonies and the
similarities in segregation between both groups of central place foragers implies a
common set of selective mechanisms related to compass orientation of breeding colonies,
competition within and between species, predation risk, and energetic constraints
associated with distance, prey size and energy content. Our data suggest that immediate
environmental conditions may have less effect on broad-scale habitat selection compared
to colony orientation and the longer-term selective forces related to foraging costs and
predictability of annual environmental conditions. This implies that existing breeding
colonies in the Bering Sea may be poorly adapted and unable to respond favorably to
global warming and environmental change.
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The Bering Sea is one of the world’s most productive marine ecosystems, sustaining
nearly half the U.S. annual commercial fish catch and providing food and cultural value
to thousands of coastal and island residents. Seasonal sea ice is recognized as a central
driver of this ecosystem, and recent changes in sea ice extent have highlighted the
ecosystem’s vulnerability to a dynamic climate and accompanying sea ice loss. In
response, the Bering Sea Project has brought nearly a hundred principal scientists
together in a vertically integrated observational and modeling program aimed at
understanding the impacts of changes in seasonal sea-ice on the ecosystem, spanning
physics and phytoplankton to people. The Bering Sea Project is now well into the
synthesis phase, and several overarching patterns have emerged. First, winter wind
direction and intensity exerts a strong and variable control on Bering Sea continental
shelf circulation patterns, affecting a range of ecological processes including nutrient
exchange, shelf productivity and the advection of plankton. Second, annual integrated
primary production and seasonal net community production are more closely tied to
seasonal meteorological forcing than to the extent of sea ice. Yet elevated primary
production in warm years does not appear to increase net community production,
suggesting the flow of carbon between the lower trophic levels has alternative paths yet
to be quantified. Third, microzooplankton are important in the Bering Sea ecosystem—
they represent important prey for larger zooplankton and during summer can consume
nearly all of daily primary productivity. Fourth, pollock do not appear to exert strong
top-down control on the abundance of crustacean zooplankton as hypothesized, but rather
the system remains driven by bottom-up mechanisms even in years of increasing pollock

biomass. Fifth, upper-trophic predators such as fur seals and seabirds, rely on small-scale
prey patch characteristics, rather than broadscale distributions of biomass to perceive the
quality of their food supply and the mechanisms they use to exploit it. Finally, the
interactions between coastal residents and their subsistence harvests showed large local
variation, underlining the complexity of the ecosystem and of the region’s cultural and
economic dynamics.
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Freshwater Discharge Into The Gulf Of Alaska - High Resolution Modeling And
Practical Tools
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A comprehensive effort to quantify coastal freshwater discharge (CFD) into the Gulf of
Alaska (GOA) has been carried out. Knowledge of the spatio-temporal variation of CFD
is relevant to many scientific disciplines including nearshore oceanography, aquatic
ecology, fisheries science, and many others. The primary goal of this effort was to
produce runoff estimates with high spatial resolution, serving a variety of end users. Four
primary tasks have been accomplished. First, high resolution weather grids, necessary for
the runoff estimates, have been produced using statistical downscaling methods. These
grids span all of Alaska and northwest Canada. Second, regression equations that relate
basic watershed physical characteristics to mean monthly flows have been developed.
These equations are satisfactory in predicting the seasonal variation of discharge and can
be applied to any watershed of interest. Third, a high-resolution (1 km grid, sub-daily
time step) computational model that includes meteorological distribution algorithms,
snow hydrology equations, and surface runoff routing has been applied to the entire GOA
watershed. Model predictions of snow-water-equivalent and streamflow are found to
agree well with observations. Fourth, project products are being archived and distributed
in order to maximize the impact and outreach of this project. As examples, the developed
weather grids have been archived at the National Climatic Data Center and an interactive
tool for the exploration of weather and streamflow parameters has been developed in
collaboration with AOOS.
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Variability Indeed: The Meaning Of Multiple Consecutive Anomalous Years
Reflected By Glacier Bay Oceanography

Lewis Sharman, lewis sharman@nps.gov

Continuous long-term monitoring of oceanographic conditions of Glacier Bay, Alaska is
entering its 22nd year. The program's purpose is to understand seasonal and interannual
variability, and to detect any trends in oceanographic change. Standard oceanographic
parameters (temperature, conductivity, density, light penetration, turbidity, in situ
chlorophyll fluorescence, and dissolved oxygen concentration) have been characterized
by vertical cast data year-round during nearly-monthly sampling cruises that include a set
of 22 permanent stations. In general, parameters consistently reflect typical ranges and
spatial (both horizontal and vertical) and temporal patterns expected for a high-latitude
tidewater glacial fjord, with strong seasonal signals and strong length-of-fjord gradients.
The water column is well-mixed in winter and strongly stratified in summer. However,
2009-2012 data from a representative station in mid-summer showed consecutive
statistical anomalies (compared to the 20-year mean) in water temperature, salinity, and
density. The water column in 2009, 2011, and 2012 was anomalously cold, salty, and
dense while 2010 was anomalously warm, fresh, and low-density. This string of
consecutive years of anomalous conditions, in both directions from the long-term mean,
reflects high interannual variability of Glacier Bay waters. Depending on the year,
anomalies variously match patterns observed in other northern Gulf of Alaska coastal
waters - or not - suggesting response to large-scale regional physical forcing, or a
reflection of more local processes. Glacier Bay's interannual variability is interpreted
within the context of a dynamic tidewater glacial fjord that is nevertheless linked to
climate and ocean conditions and processes of the adjacent Gulf of Alaska. Insularity
and connectedness both explain Glacier Bay's oceanographic dynamic.
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Measuring The Pulse Of The Gulf Of Alaska: 16 Years Of Oceanographic
Observations Along Seward Line, And Within Prince William Sound
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Multidisciplinary observations along the cross-shelf Seward Line, and within nearby
fjordal Prince William Sound have been reshaping our view of the Northern Gulf of
Alaska since the fall of 1997. Here we report on the observations of physical
oceanography, nutrients, and phytoplankton that have driven variations in zooplankton
biomass and community structure over that period. Rather than systematic change, we
see strings of cold and warm years driven by both large scale climate indices and local
conditions. This forcing has variable impact on the zooplankton populations, for which
spring-time abundances can vary by nearly 2 orders of magnitude for key species, and
thereby alter overall community composition. We will describe the basic seasonal and
cross-shelf patterns of these zooplankton communities, and how they are related to
environmental variables using multivariate techniques. We further demonstrate how
oceanographic productivity, as indexed by zooplankton biomass (particularly the
Neocalanus copepods), is correlated to the survival of hatchery-released pink salmon
from Prince William Sound.
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Spatio-Temporal Distribution Of Euphausiids In The Gulf Of Alaska: A Key
Component To Understanding Ecosystem Processes
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Euphausiids, or krill, are abundant in high latitude waters such as the Bering Sea and the
Gulf of Alaska (GOA). They are an important part of these cold-water coastal and
pelagic ecosystems both as a prey item for many species including marine mammals,
seabirds, and fish, and as an ecological link between primary production and higher
trophic levels. Because of the high value of Alaskan fisheries, particularly walleye
pollock, it is important to understand how varying environmental conditions will affect
the abundance and distribution of important fish species. One of the key factors may be
the availability of their prey, including euphausiids. The goal of this study is to create a
time series of euphausiid distribution in the GOA based on summer acoustic-trawl
surveys in 2003, 2005, 2011 and 2013. Euphausiid backscatter was isolated by
comparing the relative frequency response at 18, 38, 120, and 200 kHz. Acoustic data
were ground-truthed by comparing backscatter to Methot net catches and to video from
an in-trawl camera system. Preliminary results from surveys in 2011 and 2013 indicate
that euphausiid backscatter was generally higher in 2011 than 2013. Euphausiids were
found in patchy distributions throughout the GOA shelf. In both years, relatively more
euphausiids were observed in coastal bays and the troughs around Kodiak Island as
compared to the broad, flatter areas characterizing much of the cross-shelf region.
Highest backscatter was observed in Barnabas Trough during both the 2011 and 2013
surveys. Temperature was determined to be an important factor affecting abundance and
distribution of euphausiids in the Bering Sea, and it is possible that a similar relationship
exists in the GOA. Further analysis of these data, and the inclusion of data from 2003
and 2005 will help to further elucidate these trends.
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Early Life History Phenology Among Gulf Of Alaska Fish Species: Ecological
Patterns And Implications For Environmental Impacts During Early Ontogeny

Miriam Doyle, miriam.doyle@noaa.gov

The timing and duration of fish egg and larval occurrence in Gulf of Alaska (GOA)
habitats is variable among taxonomic groups, and a high diversity of phenologies is
observed among both commercially and ecologically important species. Synthesis of four
decades of ichthyoplankton data from the GOA indicates that although species diversity
is highest and total abundance of larvae is at a peak during spring, fish larvae occur in the
plankton at all times of year. Furthermore, timing of production may range from single-
batch spawning over a short period of time to the production of multiple batches of eggs
that may result in an extended temporal supply of larval cohorts in the plankton. Larval
size at transformation to the juvenile stage is also highly variable among species and is
associated with a diverse range of larval durations in the pelagic habitat. This diversity of
early life history phenologies represents trade-offs in adaptation to prevailing
environmental conditions in the GOA, and associated vulnerability and resilience factors
may modulate species’ responses to environmental variability. For instance, water
temperatures and availability of suitable zooplankton prey organisms for fish larvae vary
dramatically on a seasonal scale affecting degrees of synchrony among species with
optimal environmental conditions for successful growth and survival of larvae. This
synchrony can be influenced by interannual variability in the oceanographic environment
that affects seasonal cycles. For the numerically dominant taxa encountered in the GOA
ichthyoplankton, patterns of temporal exposure to the environment are described and
synthesized with respect to identifying ecological adaptation to prevailing environmental
conditions, and consequent potential responses during early ontogeny to changing
physical and biological conditions that may result from climate and ecosystem shifts.
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The Bering Sea and Gulf of Alaska support a number of the nation’s largest commercial
fisheries, including those for walleye pollock, Pacific cod, and a suite of flatfishes. Our
goal is to evaluate the impacts of ocean acidification on the early life history stages of
these critical resource species. Here we report observations from two lines of research
examining: a) the effects of OA on the growth or early life stages; and b) the effects of
OA on behavioral responses of walleye pollock. Eggs, larvae, and juveniles of walleye
pollock and eggs and larvae of northern rock sole were reared at ambient and elevated
CO2 levels (to ~ 2100 patm). In walleye pollock, there were no significant differences in
hatch rates, larval or juvenile growth rates across multiple independent trials with each
life stage. As observed in other species, hypercalcification of otoliths occurred in juvenile
pollock held at high CO2 levels. More recent experiments with larval northern rock sole
produced similar results, but suggest possible negative effects of OA in later larval stages
as fish undergo metamorphosis. These results suggest a general resiliency of
physiological capacity for growth in these species due to population acclimation or
adaptation, while demonstrating the necessity of examining responses in multiple life
stages. Elevated CO2 has been shown to disrupt sensory and behavioral responses in
some tropical reef fish species, even when growth was not disrupted. In a separate
experiment, we examined the behavioral responsiveness of juvenile walleye pollock, 58-
97 mm, to prey scent cues under elevated CO2. Baseline activity levels were not
significantly different among CO?2 treatments, but fish reared at high CO2 (> 800 patm)
were less likely to respond to injections of prey scent cues than fish reared at ambient
CO2 levels (~ 400 patm). Future experiments are planned to examine the sensitivity of
other behavioral responses in walleye pollock and provide species contrasts with Pacific
cod. Such behavioral responses will be a significant determinant of how acidification
affects the functioning of marine ecosystems.
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Movement & Survival Of Cook Inlet Sockeye & Chinook Salmon Measured Using
A Marine Telemetry Array

David Welch, david.welch@kintama.com

Major declines Chinook salmon abundance occurring over a wide range of Alaskan rivers
suggests that the likely cause of the problem lies in the ocean—but with the marine phase
of the life history poorly understood, questions of “where and when” significant declines
are established remain unclear. As a first step to addressing these issues in Alaska, we
deployed a marine tracking array in east-central Cook Inlet and in the Kenai & Kasilof
Rivers, from June-August, 2013. Our study was intended to resolve the relative
movement of sockeye and Chinook and identify any species-specific differences in
migration depth. Maturing adult sockeye and Chinook were caught in southern Cook
Inlet and tagged with acoustic transmitters (“tags”) that transmitted both the serial
number of each animal and the current depth. Detection efficiency on both the marine
and freshwater components of the tracking array was 100%. Animation of the detection
data revealed large differences in the pattern of movement of the two species, with the
Chinook migrating almost exclusively as close to shore as our instrumentation was
deployed, and then “patrolling” back and forth along the nearshore for significant periods
of time before river entry. In contrast, the marine distribution of tagged sockeye was
much broader in the eastern third of Cook Inlet (where instrumentation was emplaced),
with migration primarily occurring offshore. A lack of receivers within the first 1.5
nautical miles (2.7 km) of the eastern shore of Cook Inlet, where the east-side setnet
fishery (ESSN) operates, is a significant limitation in the observational power of the
current array design. However, the relative depth distribution of the two species on the
receivers sited along the offshore boundary of the ESSN showed promising evidence of a
significant difference in the depth of migration between the two species and can be used
to assess the trade-off that would result if the maximum vertical depth of the surface-
hung gillnets was reduced. Survival could also be estimated from release to the marine
array, from the marine array to the river mouth, and from the river mouth to the farthest
upstream components of the Kenai River sub-array.
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Spatial Associations And Trophic Relationships Of Skates In The Western Gulf Of
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As ecosystem-based fisheries management gains momentum in Alaska, it is important to
determine the spatial associations and trophic relationships of widespread and abundant
fishes, such as skates. Our primary research objective was to determine this ecological
information for the skate assemblage on the continental shelf and upper continental slope
of the western Gulf of Alaska: big skate (Raja binoculata), longnose skate (R. rhina),
Alaska skate (Bathyraja parmifera), Aleutian skate (B. aleutica), and Bering skate (B.
interrupta). Catch data (1999-2012) and stomach and muscle tissue samples (2006-2007)
were collected during National Marine Fisheries Service and Alaska Department of Fish
and Game trawl surveys, and used as the basis for spatial and trophic analyses. Although
depth ranges of all skate species overlapped, there was spatial segregation among species,
with single species clustered at scales of ~20-40 kms. When multi species aggregations
did occur (e.g., Aleutian and Bering skates in Shelikof Strait), there was size segregation,
which could limit interspecific resource competition. Decapod crustaceans were the main
prey items in the diets of all skates. Among decapods, shrimps dominated the diets of all
species but R. binoculata, which consumed primarily brachyuran crabs. Interannual
dietary differences were noted for B. aleutica and B. interrupta. Euphausiids comprised a
much greater proportion of the diet during 2007 at the expense of shrimps. The diets of B.
aleutica, B. interrupta (during 2006), and R. rhina were similar - primarily shrimps with
crabs and fishes of secondary importance. Diet compositions differed significantly for all
additional interspecific comparisons. Alaskan skates are generalists, consuming locally
abundant invertebrates and fishes, including several commercially important taxa (e.g.
pandalid shrimps, tanner crabs, gadids, flatfishes). As common benthic predators and
competitors with other groundfishes, this skate assemblage likely plays an influential role
in trophic dynamics and regulation of demersal marine communities in the Gulf of
Alaska. We suggest that skates are ecologically redundant and that observed spatial
segregation is likely a mechanism to limit competition for food resources.
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Skates are in growing demand worldwide, specifically in European and Asian markets
and there is increasing economic pressure to develop directed fisheries for them in Alaska.
Big skates (Beringraja binoculata) and longnose skates (Raja rhina) are the largest and
most frequently landed skates in the Gulf of Alaska (GOA), yet there have been no
studies done on their nutritional value or contaminant load. Currently, only the wings are
retained from GOA skates and the livers are being discarded but could be an important
source of high quality fish oil. Seafood is recognized as an important source of proteins,
amino acids and long chain omega-3 fatty acids. However, one of the primary concerns is
the level of heavy metals, particularly mercury, present in fish tissues, which may
influence the demand of certain fishery products. Therefore, understanding the protein,
lipid, moisture and omega-3 content of skate products, as well as the concentrations of
contaminants, could be critical information to determine to long-term demand for skate
products from GOA. To address this lack of knowledge, I collected 10 big and 10
longnose skates from Kodiak and Cordova, Alaska, sampled muscle and liver tissue from
each individual and analyzed nutritional content (protein, moisture and lipid content and
fatty acid profiles) and heavy metal load (mercury, arsenic, selenium, cadmium, lead).
Muscle samples had high moisture content (80-85%), and relatively high lipid content (1-
2%). Liver samples had very high lipid content (50-65%) and could be a source of oil
supplements. Mercury levels were below the World Health Organization safety limits.
These data will be shared with the fishing industry and will be integrated into a
bioeconomic model developed to determine the most profitable and sustainable harvest
strategy for skates in GOA.
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The Pacific sand lance (Ammodytes personatus) is an abundant, widely distributed forage
fish and a key trophic component in the Gulf of Alaska ecosystem. Unlike most forage
fishes, the Pacific sand lance spends a substantial amount of time buried in the substrate.
We have investigated its burrowing ability and sediment preferences, revealed
morphological specializations with implications for burrowing, and applied our findings
to predict suitable sand lance habitat on commercial fishing grounds off Southeast Alaska.
Using small schools of sand lance (n = 20) in aquaria with a single size class of sediment,
we determined that it can burrow in grain sizes ranging from mud to fine gravel.
However, when presented with a choice between sediments of different sizes, it preferred
coarse sand with a grain size from 0.5-1.0 mm. Very coarse sand (1.0- 2.0 mm) was
preferred over very fine gravel (2.0-4.0 mm) and medium sand (0.25 — 0.50 mm) was
barely tolerated. Laboratory sediment preferences were consistent with those estimated
from field sampling involving mixed sediment types (i.e., those dominated by coarse
sands contained the greatest density of sand lance). Sediment preferences were less
pronounced during night trials, when sand lance did not display a preference between
coarse sand and very coarse sand. We used nanoscale accurate models of sand lance and
a materials testing system, to show that it requires significantly more force to penetrate
compacted than uncompacted sediments. However, the fish did not did not have a
preference between compaction levels. We hypothesize that sand lance make their
substrate choice visually rather than tactilely. Sand lance do not have the reinforced and
compact skull typical of burrowing vertebrates, and we suspect this is because they have
dermal adaptations to reduce friction with their preferred substrate. Results of burrowing
preference experiments were used to model potential sand lance distribution among
seafloor habitat types at three commercial fishing grounds off Southeast Alaska
(Fairweather Ground, Cape Ommaney, Kruzof Island). This effort is a precursor to
establishing effective habitat-based management for Pacific sand lance should current
trends in exploitation of forage species expand into the Gulf of Alaska.
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Seafloor Characterization For Trawlability Using Simrad ME70 Multibeam
Acoustic Data Collected Opportunistically In The Gulf Of Alaska
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Groundfish that associate with rugged seafloor types are difficult to assess with bottom-
trawl sampling gear. Simrad ME70 multibeam acoustic data and video imagery were
collected to characterize trawlable and untrawlable areas and to ultimately improve
efforts to determine habitat-specific groundfish biomass. We surveyed areas of the Gulf
of Alaska (GOA) (20-500 m depth) aboard the NOAA ship Oscar Dyson during the
summer 2011 acoustic trawl survey, from the Islands of Four Mountains in the Aleutian
Islands to eastern Kodiak Island. Additional multibeam data were collected
opportunistically during the winter 2012 acoustic trawl surveys. Multibeam data were
collected continuously along the ship trackline (1-20 nmi spacing) and at fine-scale
survey locations in 2011 (n = 21). Video data were collected at fine-scale survey sites
using a drop camera (n = 47 stations). Multibeam data were matched to the spatial
location of previously conducted AFSC groundfish bottom-trawl survey hauls (n = 582)
and 2011 camera stations to discriminate between trawlable and untrawlable seafloor
types in the region of overlap between the haul or camera path and the multibeam data.
Angle-dependent backscatter strength, backscatter mosaics, and benthic terrain metrics
were extracted from the multibeam data at these locations. Haul locations show
separation in backscatter strength based on performance, previously classified as
successful or unsuccessful due to gear damage from contact with the seafloor. Successful
haul locations have values that correspond to finer grainsize, or the lack of untrawlable
features such as boulders and rock. A similar pattern was observed for the camera
stations characterized as trawlable or untrawlable from video. Logistic regression using
general linear models identified the best combination of multibeam-derived metrics to
discriminate between trawlable and untrawlable seafloor types. Seafloor backscatter
strength collected at oblique incidence angles, broad-scale bathymetric position index,
and seafloor roughness described 55% of the variation between trawlable and untrawlable
seafloor types. Maps of the predicted seafloor trawlability of the multibeam survey
footprint were generated from model results. Continued opportunistic collection of ME70
multibeam acoustic data during Oscar Dyson operations will help refine existing
classifications of trawlable and untrawlable areas and improve groundfish assessment in
the GOA.
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Spatiotemporal Variation In Benthic Community Composition On Weathervane
Scallop Beds In Shelikof Strait
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We conducted an analysis of benthic communities in areas targeted by Alaska’s
commercial weathervane scallop (Patinopecten caurinus) fishery. Here, we report our
findings for scallop beds in Shelikof Strait, a region that contains high densities of
weathervane scallops and, over the past few seasons, has provided the highest
commercial scallop harvest in Alaska. Fish and invertebrates are incidentally caught in
the commercial scallop fishery and sampled by onboard observers, who have routinely
collected bycatch data from scallop fishing vessels since 1993. Some species are
commercially valuable, including walleye pollock (Theragra chalcogramma), Pacific cod
(Gadus macrocephalus) and northern rock sole (Lepidopsetta polyxstra). Using observer
bycatch data collected during 1996-2012, we looked for spatial patterns in community
composition on weathervane scallop beds within Shelikof Strait, as well as changes in
community composition over time. Another objective was to determine whether
spatiotemporal differences in benthic communities could be related to environmental
variables (e.g. sediment type, depth, and bottom water temperature). Non-parametric tests,
including nonmetric multidimensional scaling and analysis of similarity, were used to
investigate spatial and temporal differences. Whereas in other regions in Alaska,
biological communities were significantly structured at the scale of individual beds, little
spatial differentiation was discerned in Shelikof Strait. Temporal differences in
composition, however, were observed. Results from this study inform our understanding
of the scale at which benthic community composition differs in Alaska. Our analysis of
bycatch data provides a quantitative baseline of benthic communities associated with
weathervane scallops against which future changes can be assessed, and contributes to
our understanding of essential fish habitat for both weathervane scallops and associated
species.
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Geographic Structure Of Ocean Food Webs Along 4000 Km Of Alaskan Coast:
Implications For Marine Predators
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Seabirds are efficient samplers of forage fish which they catch at considerable depths and
distances from breeding colonies. Data on their dietary habits therefore provide a
valuable complement to traditional fisheries sampling, and provide insight into the
structure of Alaska marine food webs over local and regional spatial scales. In particular,
puffins (including tufted and horned puffins, and rhinoceros auklet) are convenient
samplers because they bring whole prey back to chicks at colonies, where samples may
be collected, identified and measured with relative ease. We have compiled data on
puffin chick meals collected over 28 years at 40 colonies stretching from Sitka Sound to
Attu Island. A total of 16,940 chick meals were collected, containing 96,692 individual
prey comprised of more than 100 taxa of invertebrates and forage fish. Food webs varied
geographically. In the Northern Gulf of Alaska east of Kodiak, the food web consists
largely of resident coastal and bank species such as sand lance and capelin. Moving west
on the continental shelf from Kodiak to the Shumagin islands, advected juvenile walleye
pollock increasingly substitute for resident forage species as the basis of puffin food webs.
Moving into the eastern Aleutians juvenile pollock dominate food webs, but more
oceanic prey such as squid and lanternfish become common in diets; a trend that
increases moving west into the central and western Aleutians. Atka mackerel dominates
in the far west. These food webs cluster into 4 or 5 geographic groups, with species
composition and eco-regional boundaries that parallel those observed in the diets of
Steller sea lions and large predatory fish. More than just a change in composition, these
regional food webs are biologically very different (resident vs. advected prey, shelf vs.
shelf-edge habitats, local vs. distant oceanographic influences, differing stock recruitment
patterns, age-class composition, and nutritive value, etc.). This geographic structure of
food webs has important ramifications for foraging and breeding success of local
populations of widely-distributed marine predators such as seabirds and marine mammals.

71



AMSS-2014

Gulf of Alaska - Seabirds

Linking Seabird Parental Foraging And Offspring Condition To Environmental
Variability In The Gulf Of Alaska.
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Environmental variability has a bottom-up effect on seabirds. In contrast to many other
breeding seabirds in the North Pacific, rhinoceros auklet (Cerorhinca monocerata)
populations have been relatively stable across a broad spectrum of environmental
conditions. To better understand the behavioral and physiological mechanisms that allow
this seabird to adapt to changing environments we examined foraging behavior of
breeding adults and the level of nutritional stress experienced by nestlings. To
characterize inter-annual and seasonal changes in foraging behavior we deployed bird-
borne temperature depth recorders on breeding adults throughout the chick-rearing period.
We sampled chick diets throughout the season, and collected feathers from fledglings as
they were leaving the colony. We analyzed these feathers for the concentration of the
stress hormone corticosterone to determine if and when chicks were exposed to

nutritional stress. We collected these data in 2012, a cool, wet summer, and 2013, a warm,
dry summer. Here we discuss the results of our analysis of the foraging strategies
employed by adults, chick diet composition and stress incurred between these two
contrasting breeding seasons.
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Understanding changes in the diet of the endangered population of Cook Inlet, Alaska,
beluga whales (Delphinapterus leucas) through time may be important to determine
whether a change in prey availability was a factor in their population decline or is
currently a factor in their recovery. We used 613C and 615N values to test for changes in
diet during a 47 year period. Stable isotope analysis of bone from skulls revealed a
depletion of 613C and 615N values between 1964 and 2007. To further evaluate this
trend, we sampled annual growth layers from teeth. The average value per year also
showed a decline between 1961 and 2007; 613C (adjusted for the oceanic Suess effect)
declined from -13.4%o to -16.2%0 and 815N declined from 17.2%o to 15.4%0. While the
decline in 613C appears steady over time, the decline in 615N is steep from 1970 to 1978
and more gradual after 1978. The decline in 613C is consistent with the reduction of
beluga range into the upper more freshwater reaches of Cook Inlet where their prey may
have a greater freshwater influence and thus more depleted in 613C than the same prey
from marine waters. The overall decline in 615N indicates a decline in trophic level.
Possible examples include a switch from pollock or Pacific herring (~15%o) to capelin or
sandlance (~12%o), or a switch from older piscivorous pollock to younger planktivorous
pollock. Commercial fishing records and data from fish studies will be reviewed relative
to these time periods when beluga diet changed to determine which prey species may
have been involved. Stable isotope analysis indicates that endangered Cook Inlet beluga
whales have changed their diet over time, but further research is necessary to determine
what those changes were and whether they are a factor in the current or future status of
the population.
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Viability And Resilience Of Small Populations: Genetic Studies Of Cook Inlet And
Yakutat Bay Beluga Whales And Lake Iliamna Seals
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Loss of genetic diversity, inbreeding depression, and demographic and reproductive
isolation are central concerns in the recovery and viability of small populations. We
present case studies on three small, geographically isolated populations or groups of
marine mammal in Alaskan waters where patterns of variation in neutral (mtDNA,
microsatellites) and non-neutral (MHC) markers revealed how historical and
contemporary patterns of behavior, effective population size (Ne), mutation, drift, and
selection shape adaptive potential and individual fitness. (1) The Endangered Cook Inlet
beluga whale population has yet to recover from dramatic declines in the 1990s (N=312).
Our studies revealed that these whales have been effectively isolated from other beluga
populations on evolutionary time scales, had relatively large historical Ne and exhibit
little evidence of loss of neutral diversity. Diversity at adaptive loci, however, was
complex, where differing modes of selection may push increase or decrease diversity. (2)
The seals of Iliamna Lake have been little studied to date. There is uncertainty over the
species identity and level of exchange with neighboring marine populations, and the
small population (Nmin=235) may soon be listed under the ESA. We confirmed that
these seals are harbor seals (P vitulina), experience limited interchange with other seal
populations, and have low mtDNA diversity and high allele-sharing coefficients,
indicating an isolated population of small Ne that has persisted over evolutionary time
scales. (3) The beluga whales of Yakutat Bay are a small (N<20) group of whales that
have been consistently sighted in this region in living memory. They are characterized by
a single mtDNA matriline, low nDNA diversity and a high proportion of close kin
indicating they have likely persisted for at least multiple generations with a very small Ne
and a relatively high rate of inbreeding. Our findings caution against assessments of
population persistence and recovery that rely solely on understanding demographic and
ecological mechanisms. Future investigations will focus on genome-wide diversity,
regulation and epigenetic aspects of population survival and recovery, and require more
active (biopsy) sampling. Finally, we introduce the concept of species resilience when
predicting how natural populations will respond to environmental change and population
declines.
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Baby It’s Cold Outside: The Effect Of Water Temperature On Nutritionally
Stressed Northern Fur Seals And Steller Sea Lions
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Steller sea lions (Eumetopias jubatus) and northern fur seals (Callorhinus ursinus) must
both contend with the thermal demands of the North Pacific and Bering Sea. However,
the two species rely on disparate anatomical solutions (blubber vs fur) and represent
extremes in thermal (body) mass. In addition to the “normal” thermal challenges they
face, costs to maintain body temperature in cold ocean environments may be exaggerated
under conditions of nutritional stress. This means that fundamental differences in
insulation and body size likely have different energetic consequences for sea lions and fur
seals that cannot obtain adequate nutrition. We examined the effect of nutritional stress
on the metabolism and thermal capacity of captive Steller sea lions and northern fur seals
at different life stages. We found that the metabolic rate of four adult Steller sea lions
(mass 169-179 kg) resting in ambient air did not change when they were subjected to a
10% nutrition-induced mass loss. However, their metabolic rates while in 2 °C water
were elevated in tandem with the depletion of their hypodermal blubber layer over the
period of food restriction. In contrast, the metabolism of young northern fur seals (11.1-
15.6 kg) that lost 6% of their body mass over a 65-hr fast did not increase when they
were submerged in 4 °C water despite seasonal differences in their blubber layer. The
results of this study suggest that Steller sea lions, despite their larger body mass, may be
more susceptible than northern fur seals to the added thermal costs associated with
unexpected mass loss and may, therefore, be more vulnerable to unexpected disruptions
in their food supply.
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Understanding Conflict In The Context Of Sustability In Cook Inlet Salmon
Fisheries.
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Cook Inlet and Kenai River salmon fisheries are Alaska's most prolific shared salmon
resource accessible by the road system. For many decades, sport, commercial, and
personal use fishers have utilized salmon returning to the Kenai River as a means of
supporting recreational pursuits, fishing livelihoods, access to local fish consumption,
and the cultural impact of this resource on the small coastal communities of the Kenai
Peninsula. Conflict has long been an underlying theme of this maximally allocated
fishery as different user groups vie for catch allocation, access to fish, and engage in
political maneuvering through advocacy groups and the Alaska Board of Fisheries
process. This study uses an ethnographic approach to identifying points of conflict
between user groups as described by resource users, and frames those conflicts within
Redpath et. al.'s sustainability framework. Kenai River fisheries, though prolific, have
begun to show signs of stress through a weakening of the King salmon (Oncorhynchus
tshawytscha) run, prompting an intensification of conflict within the region. This study
aims to understand this conflict and identify how it may impact the long term economic,
biological, social, and cultural sustainability of this fishery for the Kenai Peninsula region.
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A Tribal Initiative To Promote Collaborative Research And Restore Marine
Invertebrates In Port Graham Bay, Alaska
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The abundance of several species of culturally important marine invertebrates — including
clams, cockles, chitons and crabs — has substantially declined in the late 1900s in Port
Graham Bay. Although not fully understood, the initial decline was believed to be
related to anthropogenic, natural predation, and ecosystem changes. These resources
have not recovered in spite of the lack of human harvest. In 2003, the Port Graham
Tribal Council and Chugach Regional Resources Commission sponsored a
Wisdomkeeper Workshop with Western Scientists to share scientific and local and
traditional knowledge to better understand the decline and to identify collaborative
research and management projects toward restoring these resources. The Workshop
resulted in a research strategy, including the identification of multiple projects, potential
collaborators and funding sources. In 2011 the Port Graham Tribe initiated a
collaborative effort with scientists to evaluate the accomplishments since the 2003
Workshop, identify gaps and research needs, and develop a strategy to both improve
cross-cultural communications and establish long-term research partnerships to address
tribal natural resource issues. The project developed and tested a systematic approach to
promote two-way learning and develop long-term collaborative Tribal-Western research
partnerships. A collaborative Tribal-Scientist assessment of related research efforts
since the Wisdomkeeper Workshop revealed that significant progress was made in
unraveling the cause of the declines, addressing contamination concerns, and
documenting traditional knowledge and management practices. Many of the research
topics related to resource assessments, marine science, and oceanography were not
addressed. Subsequent surveys and discussions revealed many factors that contributed to
the low rate of response, including a lack of coordinated follow-up, more pressing work
priorities, lack of funding, inability to hire new staff, and breakdowns in communication.
A Research Advisory Committee was established to work with the Tribe to evaluate
information gaps and research priorities, and develop a prioritized research strategy to
restore marine invertebrates. Over a dozen collaborative projects were identified to be
pursued over the new few years. This systematic process was an effective approach in
continuing to build relationships, understanding, mutual respect, and overall
commitments towards a common goal. More information on this project can be found at
http://www.ankn.uaf.edu/curriculum/Masters _Projects/GlennSeaman/.
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Volunteers Complete 24th Year Of Rocky Intertidal Photo Time Series In Western
Prince William Sound
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During 1990 NOAA began annual quantitative intertidal monitoring to document
recovery of shoreline marine life at two dozen shoreline sites following the Exxon Valdez
Oil Spill and cleanup. Monitoring included landscape-scale photographs of conspicuous
scenes. In 2001, following termination of the quantitative work, the senior author and Dr.
John Whitney returned annually to photograph a subset of eight sites plus a new shoreline
created by a landslide. During the late 2000’s volunteers working or living in the Sound
offered to visit some of the sites. During the summer of 2013 one or more volunteers
visited all sites with coordination by the senior author in Seattle. Volunteers were guided
by, and beta-tested, a draft photo-site job aid prepared by the senior author. Volunteers,
including people who had never been to the sites, found the guide easy to use. The
resulting body of historical and current photographs represents a nearly quarter century of
changes in the abundance of conspicuous biota including seaweeds, mussels and
barnacles. Preliminary graphs of percent cover reveal (1) three to four 4 to 7 year
episodes of alternating heavy and light cover for both seaweeds and mussels, (2)
progressive multi-year buildup of algal cover at oiled and cleaned sites, (3) lack of
recovery of a previously oiled mussel reef and (4) rapid colonization of bare shoreline
rock created by the March 2000 landslide. This range and duration of biological
variability should be taken into account when evaluating injury and recovery following
the next major disturbance, be it another oil spill, tectonic event or change in climate.
This is the final year of NOAA’s lead in this activity. We hope future long-term
monitoring programs in the Gulf of Alaska will continue to support brief annual minus-
tide visits to these sites by scientists and citizens otherwise occupied with other resource
monitoring activities. The entire series of site photos and documentation is being
prepared for transfer to an accessible location in Alaska.
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25 Years After The Exxon Valdez Qil Spill: Recovery Timelines Of Harlequin Duck
And Sea Otter Populations
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Two species of nearshore vertebrates, harlequin ducks and sea otters, exhibited long-term
lack of recovery from the 1989 Exxon Valdez oil spill (EVOS), likely due to
vulnerabilities stemming from their life histories, habitat use, trophic ecology, and
physiology. Long-term data on these species from western Prince William Sound provide
an unprecedented description of the process of population injury and recovery, which in
turn can be used to indicate the timeline over which the nearshore system recovered. For
harlequin ducks, population models compiling survival, dispersal, and fecundity
information estimated that return to pre-EVOS numbers in oiled areas would require 24
years, i.e., numerical recovery would occur in 2012. Also, through 2011, harlequin ducks
in areas oiled during the EVOS had shown elevated induction of a biomarker indicative
of hydrocarbon exposure, cytochrome P4501A (CYP1A). In 2013, CYP1A in oiled and
unoiled areas was similar, suggesting that exposure to lingering EVOS oil had ceased.
For sea otters, estimates of abundance in the heavily oiled northern Knight Island
archipelago in 2011, 2012, and 2013 have approached estimates of pre-EVOS abundance
in that area. Concordant with increased abundance, data derived from sea otter carcasses
collected on beaches over decades indicate that age-at-death distributions and mortality
are now similar to those from before the spill and differ from patterns of elevated
mortality of prime-age animals observed post-EVOS. Further, recent trophic and
morphometric studies indicate that sea otter populations are now approaching carrying
capacity in that area, i.e., numbers may be limited by naturally-occurring prey abundance,
not by effects of the EVOS. This body of work demonstrates the value of long-term data
for documenting and understanding change in nearshore systems, including that required
for defining timelines of effects of anthropogenic events.
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The recolonization of sea otters in Southeast Alaska has resulted in direct competition
with shellfisheries, which flourished for 100+ years when sea otters were absent from this
ecosystem. As a result, Southeast Alaska sea otters have recently been at the forefront of
Alaskan and federal proposed legislative changes. Due to this conflict between
commercial and subsistence users with sea otters, we have undertaken a large cooperative
research project with the following four goals. 1) Analyze sea otter survey data since
reintroduction of the species in 1968 to assess population expansion. 2) Quantify sea otter
diets on varying temporal and spatial scales as a function of sea otter occupation and
density by observing foraging (n=699 bouts, 6,117 foraging dives). 3) Estimate the
dispersal of otters on the leading edge of the population in southern Southeast Alaska
using VHF telemetry on 14 female and 16 male otters tagged in May 2011 and tracked
through to present. 4) Identify the impacts of sea otters on commercial fisheries in
southern Southeast Alaska using historic commercial fisheries and survey data. As we
approach the end of the data collection phase of the project four observations are of note.
1) The sea otter population is increasing at an exponential rate and expanding in
distribution in southern Southeast Alaska. Areas of long sea otter occupation, which once
experienced high density (>10 otters km-2) of sea otters, appear to have stabilized with
much lower densities (~ 2 otter km-2). 2) On a population scale 46% of the sea otter diet
consists of commercially important species, with greater percentages of commercially
important species being consumed near the edge of the range. 3) Tagged otters have
traveled outside of northern extent of the range but persist as residents within the range.
4) Sea otters can decimate commercial fisheries, and declines of sea cucumbers reaching
100% can be attributed to sea otters in areas long occupied by sea otters. Commercial
shellfish districts continue to be limited by a growing sea otter population with additional
California sea cucumber and geoduck clam districts not opening in 2013 due to presumed
sea otter predation.

80



AMSS-2014

Gulf of Alaska - Ecosystem Perspectives

Ecological Interactions Between Forage Fish, Rorquals, And Fisheries In A
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The aim of this study is to examine the potential effects of the recovery of depleted
rorqual populations on a Northeast Pacific marine ecosystem. Some theoretical
considerations suggest that such a recovery could adversely affect the biomasses of local
forage fish stocks and predatory marine vertebrate populations, as well as leading to
noticeable directional changes in the yields of local fisheries. This possibility has recently
been discussed and investigated in the context of recovering humpback whale
populations and declining Pacific herring stocks in some areas of the Gulf of Alaska,
notably Lynn Canal and Prince William Sound. Similar discussions have taken place in
relation to a nearly identical situation observed in the neighboring Canadian archipelago
of Haida Gwaii. The pelagic ecosystems and marine mammal populations of these islands
are structurally similar and closely linked to those of Southeast Alaska. This study
evaluated the plausibility of the postulated ecological effects described above using
ecosystem modeling techniques. The study area included Haida Gwaii and the
immediately adjacent part of Southeast Alaska facing Dixon Entrance. The local pre-
exploitation abundances of blue, fin, sei, and humpback whales were estimated based on
the total catches of each species recorded by whaling stations, the current abundances of
these species in the waters of the study area, and the intrinsic population growth rates
observed for rorquals in similar ecosystems. The ecological effects of population
recovery were then simulated for each of these species using a mass-balance model of the
local food web constructed in Ecopath with Ecosim 6. The results of these simulations
confirm that the potential recovery of some rorqual species (particularly humpback
whales) could have noticeable adverse effects on the biomasses of some forage fish
species (notably Pacific herring) and predatory marine vertebrates (especially pinnipeds
and seabirds). However, these results also show that the effects of rorqual recovery on
fisheries yields are more difficult to predict, particularly for fisheries targeting species at
high trophic levels. These findings have numerous practical implications for ecosystem-
based management of forage and other fish stocks and for conservation of rorqual
populations in Northeast Pacific waters.
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Over 40 scientists are currently working on the large-scale interdisciplinary ecosystem
study known as the Gulf of Alaska Integrated Ecosystem Research Program (GOAIERP).
The goal of this study is to use coordinated investigations at multiple levels (field work,
laboratory analyses, modeling) to better understand the dynamics of the GOA ecosystem
and the forces that influence the survival of juvenile fishes. The project duration is 2010-
2015, with the major field activities occurring in 2011 and 2013. These activities include
seasonal fish and oceanography surveys (spring, summer, fall) in the eastern and western
GOA. The surveys comprise a grid of offshore stations and smaller-scale research at
eleven inshore sites. With the field work only recently completed, and laboratory and
modeling studies ongoing, I will provide an overview of the various research activities
and present preliminary results. Highlights include retrospective analyses that describe an
abrupt shift in physical and biological characteristics between the eastern and western
portions of the northern Gulf of Alaska; preliminary results from individual-based models
that track virtual fish larvae from spawning grounds to juvenile habitats; temporal and
spatial variability in patterns of juvenile fish distribution and abundance; and the value of
moored oceanographic instruments for illuminating seasonal changes in both inshore and
offshore areas. Greater detail on all of these activities can be found in the associated
poster session.
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Gulf Watch Alaska, the long-term ecosystem monitoring program of the Exxon Valdez
oil spill (EVOS) Trustee Council, is completing the second year of an integrated, multi-
disciplinary program to monitor the species injured by the spill and the marine conditions
that affect those species. The program is in the first 5-year phase of a planned 20-year
effort and includes monitoring of oceanography, benthic and pelagic species, as well as
the compilation and synthesis of current and historical data from past Gulf of Alaska
research and monitoring programs. Highlights from the 2013 field work in Prince
William Sound, lower Cook Inlet and along the central Gulf of Alaska coast will be
provided, as well as a summary of the new tools now available for public data access and
initial cross-disciplinary data synthesis efforts. Among many efforts, Gulf Watch Alaska
scientists are publishing results from more than two decades of killer whale research,
developing new techniques to more effectively monitor forage fish populations in Prince
William Sound, providing oceanographic and zooplankton time series data to inform
fisheries management, investigating forcing mechanisms for sea-level variations along
the Gulf of Alaska coast, and identifying site-specific variability in shellfish recruitment
to near-shore ecosystems in lower Cook Inlet. The goal of the Gulf Watch Alaska
program is to provide ecosystem monitoring information to help management efforts to
sustain recovery of EVOS-injured species, to detect and understand ecosystem changes,
and to inform the communities who depend on marine resources in the Gulf of Alaska.
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Comparison of ShoreZone and National Assessment of Shoreline Change Data at
Six Sites along Alaska's Arctic Coast

Bretwood Higman, hig@nukaresearch.com
Bruce Richmond, brichmond@usgs.gov
Ann Gibbs, agibbs@usgs.gov

Alaska's Arctic coastal plain is largely composed of unconsolidated sediment cemented
by ice. Warmer conditions over the past century have exacerbated coastal erosion
through a variety of mechanisms along much of this coast. Variation in coastal
morphology and geology has a strong influence on the style and rate of coastal erosion,
and this erosion in turn impacts coastal morphology further. We compare six sites where
ShoreZone imagery and ground-station data (supported by the Bureau of Ocean and
Energy Management and other partners) are co-located with U.S. Geological Survey’s
National Assessment of Shoreline Change lidar elevation and historical shoreline change
data. This comparison helps to illuminate regional differences in coastal morphology and
erosion apparent in both coastal survey efforts. Our qualitative comparison may help
inform efforts dependent on coastal change such as oil spill contingency planning,
community and infrastructure development, and climate adaptation in subsistence
activities.

85



AMSS-2014

Arctic - Climate and Oceanography

SIPN: Sea Ice Prediction Network — A Network Of Scientists And Stakeholders
Collaborating To Improve Sea Ice Predictions In A Changing Arctic Environment

Cecilia Bitz, bitz@atmos.washington.edu
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Lawrence Hamilton, lawrence.hamilton@unh.edu
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Elizabeth Hunke, eclare@lanl.gov

Philip Jones, pwjones@lanl.gov

Walter Meier, walt.meier@nasa.gov

James Overland, james.e.overland@noaa.gov
Julienne Stroeve, stroeve@nsidc.org

Adrienne Tivy, tivya@nrc-cnrc.gc.ca

Betsy Turner-Bogren, betsy@arcus.org

Muyin Wang, muyin.wang@noaa.gov

Helen Wiggins, helen@arcus.org

The decline in extent and thickness of Arctic sea ice has significant local and global
implications for ecosystems and northern communities. Improved seasonal forecasting of
sea ice conditions would be useful to stakeholders planning activities in the Arctic ocean
during the summer months and for understanding the impact on sea ice sensitive species.
The variable nature of Arctic weather and ocean conditions and the current limits of data
and modeling capabilities make seasonal forecasting particularly challenging. The Sea
Ice Prediction Network (SIPN), launched over the fall of 2013, is a network of
stakeholders and interdisciplinary scientists collaborating to improve and communicate
sea ice prediction knowledge and tools. Project objectives include: coordinate and
evaluate predictions; integrate, assess, and guide observations; synthesize predictions and
observations; and disseminate predictions and engage key stakeholders. SIPN is
sponsored by five U.S. agencies, including: NSF, NOAA, NASA, the Office of Naval
Research-Global, and the Department of Energy. Project collaborators and interested
members of the Arctic community are invited to participate in SIPN. For more
information, see the SIPN website at: http://www.arcus.org/sipn.
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SEARCH: Study Of Environmental Arctic Change—A System-Scale, Cross-
Disciplinary Arctic Research Programsearch: Study Of Environmental Arctic
Change—A System-Scale, Cross-Disciplinary Arctic Research Program

Hajo Eicken, hajo.eicken@gi.alaska.edu
Helen Wiggins, helen@arcus.org

Reija Shnoro, reijja@arcus.org

Betsy Turner-Bogren, betsy@arcus.org

SEARCH, an interdisciplinary interagency program, works with academic and
government agency scientists and stakeholders to plan, conduct, and synthesize studies of
Arctic change. Over the past three years, SEARCH has developed a new vision and
mission, a set of prioritized cross-disciplinary 5-year goals, an integrated set of activities,
and an organizational structure. The vision of SEARCH is to provide scientific
understanding of arctic environmental change to help society understand and respond to a
rapidly changing Arctic. SEARCH’s 5-year science goals include: 1. Improve
understanding, advance prediction, and explore consequences of changing Arctic sea ice.
2. Document and understand how degradation of near-surface permafrost will affect
Arctic and global systems. 3. Improve predictions of future land-ice loss and impacts on
sea level. 4. Analyze societal and policy implications of Arctic environmental change.
Action Teams organized around each of the 5-year goals will serve as standing groups
responsible for implementing specific goal activities. Members will be drawn from
academia, different agencies and stakeholders, with a range of disciplinary backgrounds
and perspectives. “Arctic Futures 2050 scenarios tasks will describe plausible future
states of the arctic system based on recent trajectories and projected changes. These
scenarios will combine a range of data including climate model output, paleo-data, results
from data synthesis and systems modeling, as well as expert scientific and traditional
knowledge. Current activities include: ¢Arctic Observing Network (AON) —
coordinating a system of atmospheric, land- and ocean-based environmental monitoring
capabilities that will significantly advance our observations of arctic environmental
conditions. eArctic Sea Ice Outlook - an international effort that provides monthly
summer reports synthesizing community estimates of the expected sea ice minimum. A
newly-launched Sea Ice Prediction Network will create a network of scientists and
stakeholders to generate, assess and communicate Arctic seasonal sea ice forecasts.
*Collaboration with the Interagency Arctic Research Policy Committee (IARPC) to
implement mutual science goals. SEARCH is sponsored by eight U.S. agencies,
including: NSF, NOAA, NASA, Department of Defense, Department of Energy,
Department of the Interior, U.S. Department of Agriculture, and the Smithsonian
Institution. The U.S. Arctic Research Commission participates as an observer. For more
information: http://www.arcus.org/search.
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Shelfbreak Upwelling In The Presence Of Landfast Ice
Jeremy Kasper, jkasper@whoi.edu

The Alaskan Beaufort shelf is fed by Pacific water emanating from Bering Strait, and is
strongly wind-forced in fall and winter due to the passage of synoptic storms. Sea ice
tends to be fast on the inner shelf and more mobile farther offshore, modulating the water
column response to such storms. Here we use idealized numerical simulations to
understand the response of the shelf to upwelling favorable winds. The salinity,
temperature and velocity respond strongly to along-shelf winds when the ice cover is
mobile everywhere. In contrast, where fast ice is present there is no clear relationship
between the ocean circulation. Idealized models show that the location of the fast ice
edge is critical to determining the strength of the upwelling such that upwelling depth is
greatest when fast ice is confined to shallow depths or absent all together. Results suggest
that in a warmer climate with decreased fast ice cover, upwelling of nutrient rich water
onto the shelf will increase.
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Surface Circulation Patterns In The Northeastern Chukchi Sea
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We examine a variety of northeastern Chukchi Sea circulation features as discerned from
surface currents measured by shore-based, high-frequency radars (HFR). We first review
current patterns under a variety of wind regimes, which show eastward flow across the
central Chukchi shelf and a northeastward-flowing coastal current, except for when winds
are blowing toward the southwest at speeds >~6 m/s. We also present how the mean
shelf circulation differs for conditions in which the flow in Barrow Canyon is onto the
shelf or into the basin. This overview provides the context for examining differences in
circulation between the open water seasons of 2011 and 2012. In 2011, the shelf had few
fronts and weak stratification due to a nearly complete absence of meltwater caused by
rapid ice retreat early in the season. In 2012, the late retreat of ice resulted in copious
amounts of meltwater over the shelf. This led to strongly stratified conditions and well-
defined horizontal meltwater fronts. These fronts were evident in the surface currents as
strong, horizontally extensive convergence zones. The HFR surface currents reflect flow
throughout the water column in unstratified areas but in heavily stratified regions more
likely represent flow in the upper 10 — 20 m of the water column. We examine the
differences in the shelf circulation between these years in conjunction with differences in
stratification, frontal structure, and regional winds.
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Inter-Annual And Shorter-Term Variability In Physical And Biological
Characteristics Across Barrow Canyon In August — September 2005-2013.

Carin Ashjian, cashjian@whoi.edu
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Physical and biological conditions across a 37 km transect of Barrow Canyon have been
described for the past nine years as part of an ongoing program focusing on inter-annual
variability and the formation of a bowhead whale feeding hotspot near Barrow. These
repeated transects (at least two per year, separated in time by days-weeks) provide an
opportunity to assess the inter-annual and shorter term (days-weeks) changes in
hydrographic structure, ocean temperature, current velocity and transport, chlorophyll
fluorescence, nutrients, and micro- and mesozooplankton community composition and
abundance. Inter-annual variability in all properties was high and was associated with
larger scale, meteorological forcing. Shorter-term variability could also be high but was
strongly influenced by local wind forcing. The sustained sampling at this location
provided critical measures of inter-annual variability that should permit detection of
longer-term trends that are associated with ongoing climate change.
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A Comparison Of Observed And Modeled Meteorological Variables Over The
Chukchi And Beaufort Shelves

Elizabeth Dobbins, eldobbins@alaska.edu
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Seth Danielson, sldanielson@alaska.edu
Rachel Potter, rapotter@alaska.edu

Hank Statscewich, hstatscewich@alaska.edu
Peter Winsor, pwinsor@alaska.edu

Seasonal and synoptic variations in water properties and currents are strongly influenced
by meteorological forcing, as are the seasonal retreat and formation of sea ice on Arctic
shelves. Direct measurements of these variables over the ocean are sparse and, during the
ice-covered seasons, extremely difficult and expensive to acquire. Consequently,
oceanographers rely on surface forcing fields derived from meteorological forecast
models or coastal measurements that may have been collected far from the region of
interest. To address these problems, Shell, ConocoPhillips, Statoil, BOEM, and the
University of Alaska Fairbanks deployed meteorological buoys during the open water
season on the Chukchi and Beaufort Sea shelves from 2008 to 2013. Between one and
six buoys were deployed each year at various locations; most of the buoys were on the
Chukchi shelf and some locations were occupied multiple years. Collected variables
include air temperature, wind velocity, barometric pressure, relative humidity, and
incoming shortwave solar radiation, although these variables were not always consistent
between buoy deployments. In addition, there are coastal data available from the Point
Lay, Wainwright, and Barrow airports and the DOE's Atmospheric Radiation
Measurement (ARM) station in Barrow. We use these various observations to quantify
the forecast skill of the North American Regional Reanalysis (NARR) model, which
produces 3-hourly meteorological fields on a 35 km grid. We also use the observations
and model to examine spatial correlation scales of the wind field as a function of
frequency.
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Variability Of The Circulation In The Pacific Sector Of The Arctic Ocean Derived
Through The 4Dvar Data Assimilation.

G. Panteleev, gleb@jiarc.uaf.edu
J. Zhang, jingnc@gmail.com

T. Kikuchi

J. Stroh, jnstroh@alaska.edu

Summer-fall circulation in the Pacific sector of the Arctic Ocean was reconstructed for
periods of the 1900-2006, for cyclonic (1989-1997) and anticyclonic (1997-2006) climate
states and for the period of the International Polar Year through the use of modeling with
4Dvar data assimilation. The comparison of these climatological states with the
reconstructed 2008 July-October circulation reveals a significant change in the climate
states. The difference is caused by drastic changes in model forcing—namely, wind
forcing and sea ice conditions. Reconstructed circulation for 2008 was additionally
validated with respect to available velocity observations, which were not assimilated. The
distribution of the SSH anomalies reveals reasonable correlation with gridded AVISO
satellite altimetry anomaly, suggesting that satellite along-track altimetry could be a
valuable source of data for operational hindcast/forecast of the local circulation after its
accurate re-tracking and validation.
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The maximum-likelihood ensemble filter (MLEF) is an efficient technique of data
assimilation related to both 3D-variational (3Dvar) and Ensemble Kalman Filter (EnKF)
methods. We demonstrate the utility of MLEF by assimilating high-frequency radar
(HFR) data into a realistic model of the east Chukchi Sea. A set of three radar stations in
Wainwright, Point Lay, and Barrow provide two-dimensional resolution of the sea-
surface velocity during the ice-free months of 2010. We use MLEF to incorporate this
HFR data into a numerical model constructed using the Regional Ocean Modelling
System (ROMS). The resulting analysis can be used as a benchmark for future
operational forecasting, allowing for better real-time monitoring and decision-making as
this biologically-rich region is influenced by industry and commerce.
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A Digital Sea Ice Atlas For Alaska

John Walsh, jwalsh@arthur.iarc.uaf.edu
Sarah Trainor, sarah.trainor@alaska.edu

A digital sea ice atlas has been constructed for Alaskan waters, including the Bering,
Chukchi and Beaufort Seas. The gridded fields depict sea ice concentration at resolution
of Y degree latitude by 72 degree longitude over the period 1850-2012. The temporal
resolution is weekly from 1953 onward and monthly prior to 1953. Primary sources
include the satellite passive microwave record from 1979 onward; the Dehn,
NAVOCEANO and National Ice Center historical charts for the 1950s through the 1970s;
monthly charts and ship reports from Danish Meteorological Institute’s annual reports
from the late 1800s through 1956; and reports from whaling ship logbooks back to 1850.
The digital atlas is accompanied by a user interface that provides access to the gridded
data, graphical depictions of spatial coverage as well as time series, and derived metrics
such as open water season length. The presentation will include an animation of the
entire dataset and will include displays of sample products available through the user
interface. The sea ice atlas is designed for semi-annual updates and is intended to
complement other Alaskan marine data and products available through the Alaska Ocean
Observing System.
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Projected Future Duration Of The Sea-Ice-Free Season In The Alaskan Arctic

Muyin Wang, muyin.wang@noaa.gov
James Overland, james.e.overland@noaa.gov

Future sea ice conditions of the Alaskan Arctic over the next few decades are explored
using the latest coupled climate models. The Alaskan Arctic, including the Chukchi and
the Beaufort Sea, has been a major region of summer sea ice retreat since 2007. For the
region north of the Bering Strait (70° N), future open-water duration may extend from a
current 3-4 months to five months by 2050 based on the mean of 12 climate models.
From December through June most of the Alaskan Arctic will remain sea ice covered into
the second half of the century; these seem to be solid climatological limits based on
seasonality of radiation and sea ice cover. Open-water duration in the Alaskan Arctic
expands quickly in these models over the next decades, in contrast to model under-
predictions of sea ice loss for the entire Arctic. Uncertainty is generally plus/minus one
month estimated from the range of model results. Continued increases in open-water
duration over the next two decades will impact regional economic access and potentially
alter ecosystems.
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Mapping The Northeastern Chukchi Sea Surface Currents And Their Dynamical
Response Under Different Environmental Conditions

Ying-Chih Fang, yfang2@alaska.edu
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Seth Danielson, sdanielson@alaska.edu

Three high-frequency (HF) radars deployed along the northwest Alaskan coast during the
ice-free season in 2010 made near real-time surface current measurements. Although the
data coverage is unprecedented, several persistent data gaps exist due to intermittent
ionospheric interference, periods of insufficient scattering waves on the ocean surface,
and limitations of the HF radar’s siting. To fill the data gaps, reduce noise, and
reconstruct the major sea surface current patterns, we apply optimal interpolation (OI) to
form a more complete estimate of the current vector. This study includes a detailed
investigation of the Ol method’s benefits and limitations. Main uncertainties originate
from the degree of distortion of the antenna pattern. Twelve current patterns were
extracted using a self-organizing map approach. The major patterns are two oppositely
oriented coherent coastal jets associated with local southerly and northerly winds. A
double vortex system is found when the wind is transitioning. The results suggest that the
remaining patterns are related to far-field forcings such as coastal-trapped or continental
shelf waves, and/or wind transitions associated with variations in the position of the
Aleutian Low.
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A Statistical Summary Of Current Velocities In Barrow Canyon And On The
Western Beaufort Shelf

Stephen Okkonen, okkonen@alaska.net

Current velocity statistics are presented for year-round and short-term deployments of
acoustic Doppler current profilers moored in Barrow Canyon and on the adjacent
Beaufort shelf during 2007-2013. Maximum velocities of ~180 cm/s were recorded in
Barrow Canyon and ~100 cm/s near the coast on the Beaufort shelf. The principal axes of
current variance are generally aligned with isobaths; currents being the more strongly
rectified at shallower locations. Current velocity variations at all mooring locations are
shown to be generally well-correlated with changes in the local wind regime.

97



AMSS-2014

Arctic - Climate and Oceanography

The Distributed Biological Observatory (DBO): Research Coordination By The U.S.
Interagency Arctic Research Policy Committee (IARPC) Implementation Team
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Molly McCammon, mccammon(@a00s.org

In response to dramatic seasonal sea ice loss, the Distributed Biological Observatory
(DBO) was envisioned in 2009 as a change detection array to measure biological
response to physical variability along a latitudinal gradient extending from the northern
Bering Sea to the Beaufort Sea. By design, DBO sampling is focused on five regions of
high productivity, biodiversity and rates of biological change. Subsequently,
representatives from multiple US agencies, academic institutions and industry, along with
the international Pacific Arctic Group (PAG), endorsed the DBO concept, and a pilot
study focused on sampling two of the five DBO regions was launched in 2010. By 2012,
the Interagency Arctic Research Policy Committee (IARPC) in the USA, comprised of
representatives from 13 Federal agencies, developed a five year plan (2013-2017)
focused on seven research themes, with further development of the DBO included under
the first theme: Sea ice and Marine Ecosystems. Since 2012, a US DBO Implementation
Team (IT) has met via monthly teleconference, with the overarching goal of
implementing sampling in all five DBO regions by 2015. Currently, the DBO IT consists
of 37 participants, 25 from seven Federal agencies and 12 non-Federal partners. The
work of the DBO IT is framed by 11 milestones, 4 of which have been completed and 7
that are in progress. Activities and products developed via collaborations facilitated by
the DBO IT include: (i) annual DBO sampling from various national and international
platforms (NSF/UMCES®); (i1) development of satellite visualizations products (NASA);
(111) a portal for physical oceanographic data (NSF/WHOTI*); (iv) a password protected
DBO Data Workspace (AOOS*); and (v) coordination of national and international
contributions to the DBO, via the Pacific Arctic Group (NOAA). The DBO IT is now
focused on integrating data from 2010-2013 sampling, to demonstrate the value-added by
this multiple sampling shared-data approach to investigation of biological responses to a
rapidly changing Arctic marine ecosystem. Expanding from the Pacific Arctic sector, the
DBO will also serve as a framework for international research coordination via the Arctic
Council Circumpolar Biodiversity Monitoring Program (CBMP), and is a recognized task
of the pan-Arctic Sustaining Arctic Observing Network (SAON).
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The Pacific Marine Arctic Regional Synthesis (PacMARS) is contributing to a greater
understanding of the marine ecosystem in the greater Bering Strait region, including the
northern Bering, Chukchi and Beaufort Seas. This synthesis effort will contribute to an
understanding of North Pacific ecosystems in order to enable effective management and
sustainable use of marine resources, from subsistence use to fisheries to industrial
exploration and development. To manage the data for this synthesis effort, the NCAR
Earth Observing Laboratory (EOL) has brought together data and metadata from an
international selection of existing data sets into a dedicated, project-specific archive. The
PacMARS Data Archive (http://pacmars.eol.ucar.edu) was developed to facilitate the
visualization and integration of the archived marine ecosystem data and products by
presenting the various datasets in a common format as Geographical Information System
(GIS) layers upon a map of the study region. Various data types such as chlorophyll,
primary production, hydrography, currents, and winds are being mapped into multiple
GIS layers. Selecting overlays to view in the GIS display groups datasets and shows
interrelationships, while also displaying base layer information, such as bathymetry,
multibeam data, geography and gridded latitude-longitude map coordinates. Each site on
the map can be expanded to display the data recorded at a specific observation site (e.g.
ship station, mooring) point, other ancillary information, as well as a link to access the
complete dataset. The EOL data inventory/archive for PAcMARS allows analysis of
recent and historical data for the Chukchi/Beaufort region to permit improved
understanding of processes contributing to the changes ongoing in the region Lessons
learned from this integration effort, and challenges of dealing with various formats and
units, and the systematic processing required to prepare a unified synthesis dataset are
highlighted.
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An Updated Trophic Model Of The Eastern Chukchi Sea

G. Whitehouse, gaw@uw.edu
Kerim Aydin, Kerim.Aydin@noaa.gov

Evidence of climate impacts on Arctic marine ecosystems is accumulating and Arctic
marine ecosystems face additional pressures from increased human activities due to
improved access following reductions in sea ice cover, such as petroleum extraction,
increased shipping, and commercial fisheries. Increasing anthropogenic activity in the
Chukchi Sea in combination with climate impacts can affect food web dynamics,
emphasizing the need for a baseline understanding of trophic dynamics in this ecosystem.
A preliminary mass-balance food web model of the eastern Chukchi Sea has previously
been developed by scientists at the NOAA Alaska Fisheries Science Center, using
historical data from published and unpublished sources, focused on the base time period
of 1990. We have updated this existing food web model to better represent current
conditions in the Chukchi Sea food web, with data collected during the BOEM funded
Arctic Eis 2012 summer bottom trawl and surface trawl surveys of the eastern Chukchi
Sea, and with more recent data available in the literature. We updated biomass density
estimates, diets, and rates for production and consumption for several marine mammal,
seabird, fish, and invertebrate functional groups. This poster presents key changes from
the preliminary model to the current model, and presents results from model balancing,
including all parameters estimated by the model. A key change to the updated model is
the incorporation of region- and species specific diet data for fishes of the eastern
Chukchi Sea. The updated model also features a new functional group for Alaska skates
(Bathyraja parmifera). Similar to the original model, balancing of the updated model
indicated that density estimates of most fish groups derived from trawl survey data using
area swept methods were insufficient to match the consumptive demands of predators,
and that densities needed to be several-fold greater to meet modeled demand.
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A Spatial Assessment Of Organic Contaminants And Hydrocarbons In Chukchi Sea
Sediments: Results Of The COMIDA And Hanna Shoal Ecosystem Study Projects
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Increased interest in offshore oil and gas exploration in Alaska has prompted the Bureau
of Ocean Energy Management to support research programs aimed at robust baseline
assessments of potential drilling sites on the Chukchi shelf. The Chukchi Sea Offshore
Monitoring in Drilling Area (COMIDA) project characterized the sediment chemical
composition and biota of the Chukchi Sea Lease Sale 193 area and included a
comprehensive study of carbon sources, trophic cycling and biogeochemical processing
on the Chukchi shelf. In 2012, the Hanna Shoal Ecosystem Study extended the goals of
COMIDA to another critical area with the potential to be affected by future drilling
activities. The Hanna Shoal region is recognized as a biological “hotspot” with high
primary productivity and large standing stocks of benthic biota. Circulation patterns
influence the biological and chemical properties around Hanna Shoal, and an ecosystem-
based investigation was initiated. Our goals for both programs were to document the
distribution and concentration of organic contaminants (n-alkanes, PAHs) in surface
sediments representing 83 sites spanning both study areas and link those to important
processes. Several sites were re-occupied during the 2009-2010 and 2012-2013 process
cruises to allow multi-year data analysis of potential change over time. Overall, Chukchi
shelf sediments show low levels (149-2956 ng g-1 dry wt) of polycyclic aromatic
hydrocarbon (PAH) contamination derived from petroleum, combustion and diagenetic
sources in this pristine region. The distribution of aliphatic n-alkanes was more varied
throughout the study area, and hydrocarbon signatures were mainly derived from
terrestrial organic sources. Total n-alkane concentrations in surface sediments ranged
from 2-17 ug g-1 dry wt. Both PAH and n-alkane concentrations changed little among the
years sampled.
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Very large floating structures (VLFS) or very large floating platforms (VLFP) can be
used to create storage facilities (for natural gas and oil), wind and solar power plants,
ocean-ranches, floating airports, breakwaters, bridges, piers and docks. These VLFS (or
VLEFP), tend to occur near the coastlines or in the offshore seas, affect the fishing
industry and marine ecology significantly. The purpose of this research is to simulate the
VLES (or VLFP) by using the modern computer technology, so that impacts of VLFS (or
VLFP) to the fishing industry and marine ecology can be greatly reduced. First of all, the
entire VLFS (or VLFP) system will be regarded as a structure resting on an elastic
foundation and moored by vertical partial catenary cables. In which, the restoring forces
due to vertical cables at two sides and two ends of the floating structure, and the buoyant
forces due to the surrounding water will be modeled by the elastic forces due to the
uniformly distributed equivalent springs. Besides, the righting moments and vertical
potential energy due to pitching and heaving motions of the floating structure will be also
considered in this research. In theory, the effects of mooring cables and liquid buoyancy
can also be taken into account based on the law of conservation of energy. Next, the
overall stiffness matrix and overall mass matrix of the floating structure (or wet structure)
can be determined with the assembly technique of finite element method and dynamic
characteristics of the entire mooring floating structural system can be calculated with the
Jacobi method. Finally, the analyses of the floating structure are performed and some
relevant parameters are investigated. Because the technical information concerning the
current research topic is limited, the achievement of this research will provide a complete
and systematic theory and technique in this aspect.
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Will Spatio-Temporal Variation In Fatty Acid Signatures Of Prey Affect Diet
Studies Of Top Predators?
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Fatty acid (FA) composition (or “signature”) of consumer tissues can be used to identify
prey species, because many dietary FAs are conserved and incorporated into predator
tissues in predictable patterns. The whole-body FA signature of fishes and invertebrates
could provide valuable insight into the ecology of individual prey species, as well as their
trophic relationships to other organisms in Arctic ecosystems. Measuring the entire FA
profile of an organism could reveal differences or similarities in the diet of species across
regions and years that are not found by looking at a single FA biomarker alone.
Additionally, constructing a library of prey FA signatures is crucial for diet interpretation
of predator adipose tissue in upper trophic-level diet studies, such as Quantitative Fatty
Acid Signature Analysis (QFASA). We are analyzing the FA signature of two species of
fishes, Boreogadus saida (Arctic cod) and Lycodes polaris (polar eelpout), and two
invertebrates, Argis spp. (crangonid shrimp) and Macoma spp. (clam) across multiple
years (2011-2013) and geographic locations (Beaufort Sea, Chukchi Sea, and Norton
Sound). Regional differences in FA composition of target species could provide insights
on broad scale spatial patterns and how these could be affecting the available food
sources for prey in these habitats. Moreover, if FA signatures vary among regions or
years more than they vary among individuals, construction of a comprehensive library of
prey species FAs will require more intense sampling effort to avoid biasing QFASA
models. Quantifying the degree of within-species variability is essential to the accurate
interpretation of fatty acid data used in characterizing diets of top predators.
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The Synthesis of Arctic Research (SOAR) brings together a multidisciplinary group of
Arctic scientists and Alaskan coastal community representatives to explore and integrate
information from completed and ongoing marine research in the Pacific Arctic
(www.arctic.noaa.gov/soar). The goal of SOAR is to increase scientific understanding of
the relationships among oceanographic conditions (physics, chemistry, sea ice), benthic
organisms, lower trophic pelagic species (forage fish and zooplankton), and higher
trophic species (i.e., seabirds, walrus, whales) in the Pacific Arctic, with particular
emphasis on the Chukchi Sea oil and gas lease sale areas. The first product of this
synthesis will be a special issue of Progress in Oceanography comprised of seventeen
papers addressing three overarching themes: (1) The ‘New State’ of the Pacific Arctic
sector: Observations and models of sea ice loss, effects on primary production and
acoustic ecology (6 papers); (2) Response of mid-level trophic species to the ‘New State’
of the Pacific Arctic: Benthic and pelagic invertebrates and forage fishes (5 papers); and
(3) Response of upper-trophic species to the ‘New State’ of the Pacific Arctic: Marine
mammal and seabird distribution, relative abundance, and phenology (6 papers). To date,
the SOAR program has supported travel and expenses for 14 working-group meetings,
providing synthesis teams the opportunity to integrate their information in-person. The
special issue will be published in late 2014 and includes 80 contributors from more than
30 institutions. We anticipate that SOAR will provide a useful platform to support future
collaborations among scientists, resource managers and Alaskan Arctic residents.
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OBIS-USA (http://USGS.gov/obis-usa), a program of the United States Geological
Survey Core Science, Analytics and Synthesis, is the United States regional node of the
International Ocean Biogeographic Information System (http://iobis.org). Worldwide,
OBIS nodes use the Darwin Core standard for biogeographic data, and OBIS-USA is
active in the International Steering Group and activities for OBIS. In the US, OBIS-USA
makes rich use of Darwin Core and extensions to serve a growing range of applications.
OBIS-USA is requirements-based, meaning that priorities, innovations and relationships
are driven by specific end-user needs and goals. USGS/OBIS-USA partners in the US
include I00S, US Navy, BOEM and NODC. A comprehensive requirement for OBIS-
USA among all these partners is to bring practices together wherever feasible for
standards of data and metadata technology, accessibility, quality management, and
process coordination among institutions. OBIS-USA is a national dataset, spanning
agencies, their various missions, and all US geography. However OBIS-USA responds
to concerns from individual data sources, to regional coordination, to
national/interagency activities, and even to global integration. To meet challenges
inherent in this broad scope, OBIS-USA relies on standards, community participation,
community-driven priorities, and requirements-based solutions. OBIS-USA's
presentation illustrates several OBIS-USA services related to enriching and extending the
uses of marine biological data, and the benefits that these services help capture, cost-
effectively, for participants. Data become discoverable, more easily assessed and
understood for application use, technologically accessible via web services, and above all,
attributable for citation of data originators. Participation in OBIS-USA also assists
archive of data with the National Oceanographic Data Center (NODC). Alaska marine
regions are important national priorities. OBIS-USA has already engaged requirements
to support Alaska-regional biological data needs, and OBIS-USA aims to extend its
Alaska-region data community involvement.
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As part of a U.S. Geological Survey assessment of coastal change along the Arctic coast
of Alaska over 11,000 km2 of airborne lidar elevation data were collected between 2009
and 2012. Data coverage includes the barrier islands and mainland coast between Icy
Cape and the U.S.—Canadian border, from the shoreline to ~1.5 km inland. Data coverage
extends further inland to around 3 km on the Barrow Peninsula and along the coast of the
Teshekpuk Lake Special Area (TLSA) where coastal erosion rates are among the highest
in the world (> 18 m/yr). Data were not collected over most river deltas or large
embayments, with the exception of Admiralty Bay, Smith Bay (Ikpikpik Delta), Kogru
River, and the Fish Creek portion of Colville River Delta. Nominal point density of the
data set is 1.5 m and the vertical accuracy is better than 30 cm. The elevation data are
referenced relative to the GRS80 ellipsoid due to the inaccurate GEOID model in Alaska.
Our primary use of the lidar data is to establish a modern shoreline position to be used for
change analyses with historical shoreline positions. In addition, the lidar data provide a
wealth of topographic and intensity information that can be used for morphological
mapping of the remote Arctic coast. This is one of the first comprehensive lidar datasets
collected in a continuous permafrost environment. Many periglacial landscape features,
such as patterned ground, ice-wedge polygons, and thermokarst lakes and former lake
basins (recent and relict) are discernible in the dataset. Typical coastal landscape features
including shoreline position, beach width, slope, and bluff height and morphology are
also distinct. Here we present an overview of the dataset and examine methodologies
developed to characterize and classify landscape features and estimate offsets between
ellipsoid and sea-level elevations. These offsets are needed to derive sea-level datum
based shoreline positions and for improving coastal inundation assessments driven by
sea-level datum based water-level models.
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Although Hg contamination is of continuing concern in the Arctic, our knowledge about
the distribution of Hg in seawater, sediments and organisms from lower trophic levels is
limited, especially for the Chukchi Sea. Yet, uptake of Hg at lower trophic levels
provides an important link between Hg in the environment and enrichment of
monomethyl Hg (MMHg) in seabirds and marine mammals. Results for Hg in seawater,
sediments, plankton and benthic fauna from the northeastern Chukchi Sea (NECS) were
obtained as part of the Chukchi Sea Offshore Monitoring in Drilling Area (COMIDA)
project. With this data, we can now provide new insight to the early stages of Hg
biomagnification in the NECS. Concentrations of total dissolved Hg averaged 0.56 + 0.28
ng/L in the NECS with consistently lower concentrations at depths near the chlorophyll a
maximum, a likely response to Hg uptake during primary productivity. Average
concentrations of total Hg (THg) in biota were <10 ng/g in plankton, ~50 ng/g in bivalves,
>130 ng/g in snow crab and fish and ~200 ng/g in whelk. The fraction of total Hg present
as MMHg was <10% in plankton, ~30% in bivalves and >78% in snow crabs, fish and
whelk. No discernible anthropogenic Hg was found in sediments except within 300 m of
two historic oil drilling sites and no correlation was observed between concentrations of
THg and MMHg in sediment and biota. Our results also indicate that Hg concentrations
within species vary as a function of total benthic biomass. For example, the lowest
concentration of THg (46 ng/g) for snow crab was found at a station with high biomass
(561 g/m2) whereas the highest concentration of THg (288 ng/g) was obtained at a station
where biomass was low (103 g/m2). Overall, MMHg enrichment between successive
trophic levels, based on 615N values, occurred with a biomagnification power of 0.19
where loglMMHg] = 0.19[615N] — 0.84. Based on this model equation, an increase of
only 1 ng/g MMHg in phytoplankton, possibly mediated by changing productivity,
would be biomagnified to an increase of ~30 ng/g at trophic level 4 (snow crabs).
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Rapid climate change and resulting impacts such as decreased seasonal sea-ice cover are
already threatening sensitive Arctic ecosystems and unique species, oil and gas
infrastructure, traditional villages and lifestyles, and historical sites along the arctic coast
of Alaska. A number of related studies are being conducted to document the rates and
locations of coastal change and to better understand some of the driving processes. Here,
we provide an overview of studies conducted by the USGS and Shorezone collaborators.
In an effort to document the rate of coastal change the USGS have compared shorelines
from historical maps, imagery, and recently acquired (2009-2012) airborne lidar. With
the exception of the major river deltas, the north coast is dominantly erosional, with an
overall average erosion rate of -1.6 m/yr (range -18.6 m/yr to +10.9 m/yr). To assist with
interpretation of change rates geo-located oblique photography and videography was
collected during the summers of 2006 and 2009 and are particularly useful for
discriminating coastal features such as the presence and/or absence of slumps, erosional
scarps, notches, thermal niches, permafrost layers, bluff protection structures, and tundra
vegetation. Recent ShoreZone imagery and mapping will significantly contribute to the
coastal habitat database. USGS and ShoreZone field data include photography, GPS
surveys of coastal morphology, geologic mapping with stratigraphy, sediment size and
composition, ice content, nearshore bathymetry, and ground and bluff temperature
gradients. For example, a study at Arey Lagoon and Barter Island has combined field
data with numerical modeling to show that inundation and overwash of the barriers are
primarily due to the combined effect of storm surge and wave runup, but that storm surge
has a greater effect and that the storm surge is mostly driven by wind-induced setup.
Primary failure modes of Barter Island bluffs are a combination of thermal degradation
and thawing of permafrost, mechanical and thermal niching at the toe, rotational
slumping of the higher bluffs, and block collapse of the lower bluffs at the flanks of the
island.
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Our knowledge of arctic marine ecosystems has benefitted from a recent increase in research
effort made possible by both a lengthening annual period of open water and increased
funding associated with offshore development. However, the constraints of seasonal sea ice
and a paucity of sampling platforms continue to limit traditional (i.e. shipboard) biological
oceanographic sampling. Regular monitoring of an upper trophic level sentinel species can
provide insights into annual and seasonal variation in marine ecosystems not available
through conventional techniques. The Black Guillemot, a diving seabird, has been studied
annually at Cooper Island, 35 km east of Point Barrow, since 1975. Monitoring of breeding
success, feeding ecology and adult survival has shown the species to be a sensitive indicator
of annual and seasonal variation in the pack ice and nearshore ecosystems. Recent decreases
in breeding success are correlated with major reductions in summer ice extent and increasing
SST, which both reduce the availability of Arctic Cod, the guillemot’s preferred prey.
Digitizing of the Cooper Island database was recently completed and analysis of the four-
decade-long time series is underway. Monitoring of the guillemot colony is continuing and
will be supplemented by collaboration with recent research initiatives in the region. A
number of agencies and institutions are now collaborating with Friends of Cooper Island as
concerns about climate change and offshore development have increased. These research
projects include studying: annual variation in adult guillemot survival and egg size (an
indicator of prey availability) as part of an extensive examination of recent variation in
guillemot demographics (UMt); seasonal and annual variation in Arctic Cod habitat, location
and availability through deployment of temperature/depth data loggers on adult guillemots
(IRD, UAF); nearshore fish abundance and distribution (FIU, NSB NOAA) including
determining species‘ caloric value (NOAA) and stable isotopic signatures (FIU); guillemot
movements in relation to ice cover during the nonbreeding season using guillemots outfitted
with geolocators (USGS). These collaborations will provide insights into processes affecting
a high trophic level predator and permit a more holistic understanding of arctic Alaska’s
marine ecosystems. Both will facilitate detection and interpretation of anticipated future
variation and impacts.
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A recently completed shoreline mapping project of the coastline between the Bering
Strait and Demarcation Bay provides a comprehensive picture of coastal habitats for over
10,000 km of coastline. The ShoreZone coastal habitat mapping program provides
inventories of shoreline morphology, coastal substrate types, coastal stability and
shoreline biota. In addition to providing mapping data, high-resolution shoreline imagery
has been or is currently being loaded to the ShoreZone website so that thousands of
georeferenced photos and more than a hundred video files can be web-accessed. The
dataset allows resource managers instant access to co-registered imagery and mapping
data. The mapping identified 4,245 km of shoreline as dominated by periglacial or
thermokarst processes; thermokarst landforms included landforms such as inundated
tundra (15%), ground-ice slumps (8%) and low, vegetated peat scarps (17%). Salt marsh
vegetation (dominated by mixture of salt tolerant grasses, herbs and sedges) is very
common (70 % of shoreline) and is considered highly sensitive to spills. The datasets
provide metrics on the extents of various sensitive shorelines. For example, in the
southern Chukchi Sea region, coastal sensitivity to storm surge inundation was rated as
high (>50 m storm surge inundation landward of the high water line) for more than 45%
of the shoreline. Much of these inundation areas are highly sensitive to storm surge due to
high densities of thaw lakes (>25% coverage of thaw l