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1. Abstract

This study on th®istribution of Fish, Crab, and Lower Trophic Commugstin theNortheasterrBering

Sea and Chukchi Séarmed a large part of the broader Arctic Ecosystem Integrated Survey, the first
comprehensive fisheries ecosystem assessment of the northern Bering Sea and Chukchi Sea. Surveys
were conducted in the summeaf 2012 and 2013 from several platforms to sample demersal as well as
pelagic fish communities. Oceanographic and biological samples collected during these surveys provided
a trove of new information on the distribution, abundance, biology and populgtiamics of pelagic

and demersal fish and invertebrate populations in the northern Bering Sea and Chukchi Sea, in addition to
new insights into the physical forcing and plankton dynamics of the system.

Among the scientific highlights were: (1) Large difnces in oceanographic conditions between 2012

and 2013, associated with differences in local winds and in the flow of water through Bering Strait and its
advection in the Chukchi Sea, reverberated throughout the ecosystem and apparently affected the
distribution and abundance of biota at all trophic levels; (2) High densities of larval andybyear

Arctic cod Boreogadus saidavere, for the first time, observed in the northeast Chukchi Sea in both
survey years, suggesting that the northeast poofitiee Chukchi Sea is an important nursery area for the
early life history stages of Arctic cod in the Pacific Arctic; (3) Plankton, fish and invertebrate species of
Pacific origin dominate demersal and pelagic communities throughout the region, Ingt éisttic

populations of some species were associated with Arctic water masses on the northeast Chukchi Sea
shelf; (4) Juvenile salmon of western Alaska origin, in particular cl@megrhynchus kejapink O.

gorbuschg, and Chinook salmor), tshawytsch), were widespread and abundant in the northern Bering
Sea, extending into the Chukchi Sea and mixing with local populations from Kotzebue Sound; (5) Arctic
cod and snow craltChionoecetes opillp two of the most abundant species by weight in Chukchi Sea
catches, are continuous with and directly connected to populations in the Bering Sea. To what extent the
Chukchi Sea populations of these species originate from spawning areas to the South or to the North of
Bering Strait remains an area of active ingeion.

Major results from these studies were published in a special issue irfSBadpesearqMueter et al.

2017) bu data collected during these surveys will continue to contribute to new and ongoing studies. A
major legacy of the project will be the databases and maps available through the Alaska Ocean Observing
System's Arctic Portal (http://portal.aocos.org/arcas)well as through national archives. In addition to

the databases and published studies, a major benefit of the project was the training that was provided for a
number of students and pakics. Both from a scientific and educational standpoint, thegbioges met

its goals and has exceeded our expectations in terms of scientific output. This is in no small part due to

our success in leveraging external resources and forging productive collaborations with investigators at
multiple universities and agensie

2. Introduction

Arctic marine eosystems are undergoing rapid changes associated with ice loss and surface warming
resulting from human activitiggPCC 2013) The most dramatic changes include an earlier ice retreat and

a longerice-free season, particularly on Arctic inflow shelves such as the Barents Sea in the Atlantic

Arctic and the northern Bering Sea and Chukchi Sea in the Pacific Arctic, the two major gateways into

the Arctic(Serree et al. 2007, Frey et al. 2015, Wood et al. 2015, Danielson et al. ZD&#etreat of

Arctic sea ice has opened access to the Arctic marine environment and its resources, particularly during
summer, and among other changes has brought with it iecreasearch activities. For the Pacific Arctic
region, these activities have led to a number of recent compendiums examining physical, biogeochemical,
and biological patterns and trends in this rapidly changing enviror(Blemm et al. 2010, Hopcroft and
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Day 2013, Arrigo et al. 2014, Dunton et al. 2014, Grebmeier and Maslowski 2014, Arrigo 2015, Moore
and Stabeno 2015, Arrigo 2016)

Changes in ice and thermal conditions in the Pacific Arctic impact all compori¢hésezosystem
including benthic infauna and epifauf@rebmeier et al. 2006a, Nelson et al. 2Qidixrobes and
zooplanktonNelson et al. 2014, Ershova et al. 2QEHswell as fishes, seabirds, and marine mammals
that provide important subsistence resources for communities in the Pacific(Botite et al. 2014)in
spite of recent advances, significant gaps remain not only in our understanding of these impacts, but also
in describing basic life history characteristics of key fish and invextielspecies in the Pacific Arctic,
such as Arctic codBoregadus saida saffron cod Eleginus gracili$ and snow crabQhionoecetes

opilio), which have been identified as potential target species for a figheBMC 2009) Other fish
species that currently occur in low abundaneash of Bering Strait, including salmo@®xcorhynchus
spp.), yellowfin solel{imanda asperp Bering flounder lippoglossoides robustysand walleye pollock
(Gadus chalcogrammyshave the potential to expand into the Arctic, with unknown consequemces fo
the ecosystertMoss et al. 2009b, Nielsen et al. 2012, Hollowed et al. 2013, Logerwell et al. 2015)

The Pacific Arctic Gateway, encompassing the broad shelf regions of the northern Bering Sea and
Chukchi SedFig. 1), has a strong influence on the Arctic Ocean through the transport of freshwater, heat,
nutrients and plankton from the Subarctic to the Ar@icach et al. 1995As a transition zone between
Subarctic and Actic communities, this region is characterized by strong gradients in species composition,
diversity, and Bundance of fish and invertebra{&evenson and Lauth 2012, Mueter et al. 20IBgse

strong gradients imply that small shifts in the distribution of water masses and biological assemblages can
be associated witlarge changes at a given location such as a seabird colacpastal community.

Therefore, broadcale surveys are essential to linking biological assemblages to biophysical gradients in
the environment in order to understand the consequences aigirghanvironmenbr human impacten

these assemblages.

3. The Arctic Ecosystem Integrated Survey

The Arctic Ecosystem integrated survey (Arctic Eisipported by the Bureau of Ocean Energy
Management (BOEM), the Coastal Impact Assistance Program (CladPjha National Oceanic and
Atmospheric Administration (NOAA), conducted comprehensive ecosystem surveys over two years
(2012 and 2013) on the US portions of the Northern Bering Sea and Chukchi Sea shelves. Recognizing
the relative lack of information otish populations in the region, the primary goals ofAhetic Eis

project were to (1) collect baseline fisheries and oceanographic data to enable resource managers to better
predict effects of climate and human impacts on ocean productivity and on lingyeafonarine and
anadromous fish speciasd seabirdwiithin the northeastern Bering Sea and Chukchi Sea, (2) assess the
distribution, relative abundance, diet, energy density, size, and potential predators of juvenile salmon and
other commercially or etogically important marine fishes (e.g. forage fishes) within the region, and (3)
evaluate the effect of climate change on thetheald status of pelagic fishegthin the region.

Ecosystemwrveysfocused on assessing biological resources on the geafid throughout the water
column (zooplankton, fish, invertebrates) and included oceanographic sampling to assess water mass
characteristics (temperature, salinity), nutrient concentrations, and phytoplankton biomass. To assess
biological resources, sueys used (1) bottom trawls to sample fish and invertebrates on the seafloor, (2)
surface trawls to sample fish in the surface layer, including juvenile salmon, forage fish and juvenile life
stages of bottom fishes, (3) plankton nets to sample zooplankiidarzal fish, and (4) acoustic surveys

in combination with midvater trawls to sample fishes throughout the water column and to assess the

! https://web.cfos.uaf.edu/wordpress/arcticeis/
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abundance and biomass of selected species (Arctic cod; saffron cod; Pacific Gdupeg, pallasiand
capelin,Mallotus villosug . I n addition, seabirds were surveyed
species composition, distribution and abundance throughout the region. Sampling was conducted on an
extensive grid of sampling statiogganning the US portiong the northern Bering Sea and Chukchi Sea
shelveqFig. 2 and along eastest transectsonnecting these statiofecoustics, seabird observations).
Subsamples of fish were returned to the laboratory for analysis, including (1) genetic analyses to
determie the population structure of Arctic cod, saffron cod, capelin and salmon across the survey region
and throughout the Pacific Arctic, (2) otolith analyses to determine ages and growth rates of Arctic cod,
saffron cod and chum salmo@ricorhynchus keja(3) diet analyses to determine the food habits of

selected species, (4) stable isotope analyses to determine the trophic position of, and dietary sources for,
selected species, and (5) energetic and hormonal analyses to assess the physiological cdistigien of

in the study region

This overview synthesizes some of the major findings of the pribigtdtighlightthe breadth and

diversity of the science conducted as part of the Arctic Eis prdetailedmethods anindings are

presented i26 individual component reportsAppendixA-Z). In combination, these reposovide a

significant step forward in our understanding of the northeastern Bering Sea and Chukchi Sea ecosystems,
in particular with respect to ecologically important fistaband seabit species. A major legacy of the

project will be the databases that will be accessible through the Alaska Ocean Observing System's Arctic
Portal ttp://portal.acos.org/arclicin addition to these databasand published studies, a major benefit

of the project was that it provided training onumber of graduate students, aliwbfom contributd as

first authors or contributing authors to the component repartsombination, these contributions mark
animportant milestone towards improving our capacitgdequately monitor angredict the impacts of

climate variability and of anthropogenic activities, including oil & gas development, fishingiarade

change on marine ecosystems in the Pacific Aestit throughout the wider Arctic.

4. Major findings

4.1 A tale of two contrasting years: wind-induced changes in
oceanographic conditions and associated ecosystem changes

Oceanographic conditions differed greatly betwdentwo sampling year2012 and 2013due to

differences in local winds and in the flow of Pacific waters through Bering Ghaiielson et al. 2017)

Water mass structure differed primarily because of differernces in the August regional wind field, which
was more energetic in 2012 but mpesisterly from the northeast in 201®ersistent wind forcing

from the northeast in 20Masassociated with flow reversals in the Alaska Coastal Current and with the
advection of Arctic waters onto the Chukchi Shelf via Barrow Cangsmvident in surface and bottom

layer characteristics (Fig. 3yhese contrastinconditions were associated with differences in nutrient
concentrations and abundances of biota in the Chukchi Sea at all trophi¢Ménatsand Kuletz 2016,
Danielson et al. 2017, De Robertis et al. 2017b, Rikemd Eisner 2017 he influence of Pacific

waters in the eastern Chukchi Sea was more limited spatially in 2012, but concentrations of nutrients and
chlorophylla (Danielson et al. 2017)he density of zooplankton such as the copeplEixalanuspp.
andEucalanus bungifPinchuk and Eisner 201@nd the density of midwater fish@3e Robertis et al.
2017b)in waters originating on the Bering Sea shelf were all higher in 2012 compared to 2013. While the
reasons for these differences remain uncertain, Danielson(205T)hypothesize that differences in

salinity and nutrients maye a consequence of diminishing net transport through Bering Strait from 2011
to 2012. Although a link between the zooplankton community and chlorapbtutrients has not been
established, moderate to strong coupling between zooplankton, pelagbefiiic, and seabird
communitiefPham and Kuletz 2016, Sigler et al. 204idygest that differences at the lower trophic
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levels, whether linked to inflow through Bering Strait or local processes, reverberaighthumothe food
web.

The intrusion of Arctic waters onto the northeastern part of the shelf in(B@hslson et al. 201%yas
most apparent in differences in the zooplanKt€ig. 4)and fish communities (Fid). An Arctic
community of zooplankton characterized®glanus hyperboreus, Metridia longdaraeuchaeta
glacialis,andThemisto abyssorumias much more widespread over the shelf in 2013, while species of
Pacific origin were mar widespread and more abundant on the shelf in @h2huk and Eisner 2017
Fig. 4). The Arctic and Pacific zooplankton communities also show differences in age structure, as stage
prevalence in the water column of the dominant cop&aldnus glacialisvas comprised of distinctly
youngercohort(primarily gage CIlII) in the Arctic watemass as compared tlee Pacific-origin waters
which was dominated by Stages CIV and (Wig. 4). Similar totheseArctic zooplankton species,
youngof-year Arctic codvere much more widespread and abundant in 2013 compared ton20&2
northeastern Chukchi Sé@ae Robertis et al. 2017perhapsuggestig an Arctic origin(Fig. 5).

The observed differences between 2012 and 2013 are consistent with the observation that in 2012 the
distribution of biological communities from plankton through seabirds, including epibenthic fish and
invertebrates, largeleflected the distribution of water masg¢8gler et al. 2017)The observed spatial
gradients in 2012 are consistent with the response of these communities to hydrographic differences
between 2012 and 2013, which imply an expansion of the Arctic comnggeitgu Sigler et al. 201if)

2013, reflecting the increasegtent of Arctic water masses, and a contraction of the Chirikof Basin /
southern Chukchi Sea community, reflecting a reduced extent of Pacific waters on the shelf.

4.2 Assessing demersal fish biomass in the Arctic: Methodological
advances and broad-scale patterns in biomass and community
composition

The current study contributed to advancing fisheries research in Alaska's Arctiproying estimates

of both demegal and midwater fish biomassd species compositioDemersal fishes have been sampled
in the Chukchi Sea using a variety of sampling gears, but two primary bottom trawls have been used in
recent decadess described belowhe comprehensivérctic Eissurvey provided the first opportunity

for direct comparisons of these gear types to estimabertiative selectivityt differentsizesand to

inform future sampling effort$Gear selectivity is an important issue when estimating the size and species
composition of fishes in the environment from trawl catches, and when using these catchemationn;
with acoustic backscatter to estimate the midwater biomédgshes or plankton. Ongpecific objectives

of the Arctic Eis project was to compare Hieeselectivity of twodifferent bottom trawlshat have
commonly been used to assess fish patps inthe U.S Arctic: 1) the 3m plumbstaff beam trawl

(PSBT; after Gunderson and Ellis, 1986; Abookire and Rose, 2005, Norcross et al., 2010), and 2) the
Alaska Fisheries Science Center (AFSC)182 Eastern bottom trawl (EBT; Stauffer, 2004).

A paired comparison study was conducted in 2012 to compare catch composition and sampling
characteristics of the two trawl geaBecause the areawept by the two trawlare vastly different in

size (by orders of magnitudahe trawlshave very different msh sizesand vertical openingand the

gear is towed at different speedgjirect comparison of fish density between the two trawls is
challenging as eadhawl samples a different size range of fish while missing a large fractieithefthe
small fishes (83L12) or the larger, faster swimming fishes (PSBIgwever, sideéby-side comparisan
allowed thedevelopmenof a ratio statistic t@stimate the relativeelectivity(probability of retentionpt

a given sizdor the EBT and PSB{Kotwicki et al. 2017)In general, the selectivity of the EBS increased
relative to the PSBT as the size of fishes or invertebrates incr@dsefiner mesh and harder bottom
tending characteristics of the PSBT retaipeetnile fishes and other smaller macroinvertebrates and it
was also more efficierat catching benthic infauna that wetes§ below the surface. The EB#as more
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efficient at capturing larger and more mobile organismd,likely captured morerganismshat were
further off bottomdue to its larger net openingstimates of relative selectivigt presentlo not allow us

to estimate absolute abundance or biomass using the-aregpiethod. However, if selectivity of one of
the trawls for a given speciesknown, or under certagimplifying assumptions, absolute selectivity and
therefore densities can be estimaisebAppendix Ffor snowcrab andAppendixM for Arctic cod)

While neither trawl is sufficient by itself folly assess demersal fish biorsgsatchperunit-effort

(CPUE) inthe largemesh trawkurvey(Goddard et al. 201&)an bedirectly compared to results from
similar surveys conducted in the eastern Bering Sea tistngameyearconfiguration. Annual surveys

have been conducted in the Southeast Bering Sea sincali®&2single comprehensive survey was
conducted in the northern Bering Se2010(Lauth et al. 2011)The combined survey results suggest an
exponential decline in demersal fislomass from the south to the north, decreasing by two orders of
magnitude (Fig. 6). The decrease in biomass is accompanied by a stron&dldtitlgradient in species
composition from a subarctic community dominateclmumber oEommercially importanspecies to an
Arctic community dominated b#rctic cod, eelpouts, and snailfighig. 7).

4.3 First comprehensive assessment of midwater-fishes

The Arctic Eis surveys includetb our knowledgethe firstever acoustic trawl surveys of the US

portions of he northern Bering Sea and Chukchi Sea, providing abundance estimates of pel@gic age
Arctic cod Boreogadus saidaage0 saffron codEleginus gracili3, capelin Mallotus villosu3, and

Pacific herring Clupea pallasij. In order to estimate abundancesveral methodological challenges
related to the presence of large numbers of jellyfish and to the small size of fishes had to be overcome.
First, large jellyfish in the study region, in particular the scyphome@Ghsgsaora melanastecan

dominate biorass in the water column and impede the partitioning of backscatter among different
organisms. The Arctic Eis survey provided ideal conditions to estimate the target stredgth of
melanastein order to improve estimates of target species abundancesead-spigcies assemblag@3e
Robertis and Taylor 2014¥%econd, acoustitawl surveys require reliabletenates of the size and

species composition from midwater trawls in order to convert acoustic backscatter to abundances.
However, the midvater fish assemblage in the Chukchi Sea is dominated by veryasrmdairjuvenile

fishes (often < 40 mm), which aeadequately sampled by the sampling gear used for the qiDeey
Robertis et al. 2017a)The authors developed a novel experimental and statistical approach to estimate
trawl selectivity for the species of interest in order to correct abundance estimates for the biases
as®ciated with trawl sampling.

Results from the acoustic trawl survey revealed dense aggregations ofofereay Arctic cod in the
Northeast Chukchi Sea in both yefide Robertis et al. 2017bMoreover, results suggest that juvenile
gadids and forage fish partition the study region spatially with juvenile Arctic cod dominating in the
Northeast Chukchi Sea north of 691, saffron cod occupgg Alaska Coastal Waters of the Chukchi
Sea from 66.5 to 69.5N and Pacific herring distributed largely south of 8l These three speciakso
serve as indicators foinreemajorcrossassemblage communiti€Sig. 8)identified by Sigler et al.
(2017) In contrast, capelin in both years werdrihsited throughout much of the study area, but were
much more widespread and abundant in 2012.

Although early stages of Arctic cod in the study region have been reported pre{f@dinelm et al.

1984, WyllieEcheverria et al. 1997, Norcross et al. 2009, Kono et al. 201§)s the first

documentation of a dense and spatially extensive aggregation-0fArgéc cod, extending from Arctic

waters (melt water over winter water) into adjacent Pacific watese¥fig. 5). While spawning has

been documented to occur under the ice during winter in other regions of the Arctic, the spawning
locations that give rise to these dense aggregations are unknown and are the subject of ongoing field and
modeling studies.
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4.4 Spatial gradients in Arctic marine communities, connectivity, and
population structure

The comprehensive surveys conducted in the northern Bering Sea and Chukchi Sea in 2012 and 2013,
combined with other data sources, have contributed to our unangjari largescale spatial gradients
across the Subarctisrctic ecotone in the Pacific Arctic Gateway (e.g. Sigler et al. 2B5. 7, §.
Understanding these gradients, how they are maintained, and how they vary is critical to understanding
how thesanarine ecosystems may respondhtimnan impacts includingimatechange The distributions

of manyterrestrial and maringopulationghroughout the worldincluding fish populations, have been
observed to shift in response to changing temperafBezd et al. 2017)including northward shifts in the
distribution of subarctic species in the Pacific and Atlantic Arctic gateways during recent periods of
warming(Mueter and Litzow 2008, Fossheim et al. 20I8)e northward shift in distribution and

associated changes in community structure suggest increasing borealization of areas formerly
characterized by ArctispeciesHowever, the shallow shelf in the HaciArctic gateway implies that
temperatures throughout the water column will remain cold for much of the year, in spite of a longer ice
free season and warmer summer temperatures, thereby restricting the northward expansion of boreal
speciegStabeno et al. 2012a, Hollowed et al. 2013)

Many populations of plankton, fish, crab, seabirds and mammals have a continuous distribution between
the Bering Sea and the Chukchi Sea as Bering Sea shels eatieAlaska Coaat Current waters enter

the Chukchi Sea through Bering Str&itr mostplanktonic organismsuch as calanoid copepods and

krill, this northward advection is a omgy street taertain deatlas they are consumed by upper trophic
level consumers in the @kchi Sea including juvenile and adult fisi{€@ay et al. 2017, Whitehouse et

al. 2017) seabirdgPham and Kuletz 2016and mamrals (Berline et al. 2008While krill in the Arctic

are generallypelieved to be expatriat€®/assmann et al. 201,3Pinchuk and Eisner (2018how that the

major calanoid copepod in the Chukchi Sealanus glacialishas two distinct populations originating in

the Bering Sea and in the Arctic, respectively. Unlike planigoathern populations ¢iighly migratory
seabirdsand mammals travel to the Chukchi Sea on a seasonal basis to take advantage of the large
advected biomass and local productiblunt et al. 2013, Pham and Kuletz 20t6grebyreturning some

of the advected carbdo more southern latitudeSeabirds like the least auklétdthia pusilld, a small
planktivorous pursuit diver that requires high densities of suitable prey, are widely distributed throughout
the northern Bering Sea and Chukchi Sea where they appsmatsociated with areas of high

zooplankton biomass in offste high salinity waters (Fi@).

The connectivityand population structuie fish and large invertebrates such as flatfishsrmvcrabis
largely unknown. Analysis of ithyoplankton and &wl samplesas well as genetic analys@sovide
evidence both for connectivity between the Bering and Chukehjas well aevidence for distinct

Arctic populations of some species. For exampidiections of pelagic eggBusby et al. 20163uggests
potential spawning areas fomandaspp. (likely yellowfin sole) and Bering floundedippoglossoides
robustu$ off the SewardPeninsula and offoint Barrow, respectively. In contragiethigh density of
larval and early juverdl Arctic cod collected in the northe&@ukchi Sedikely originate far to the south
of the observed aggregations, possibly south of Bering Strait] baseitial results from a biophysical
transport model (Cathleen Vestfals, UAF, pers. comm.). iilial result, combined with estimates that
the spawning biomass required to produce the observe@ Aggic cod in 2012 and 2018 likely far

larger ttanthe biomass aArctic cod present in the survey region darsummer (section 4.7), leads us to
hypothesizahat Arctic cod may undergo extensive spawning migrations during winter to spawn under
the ice in the northern Bering Sea or southern Chukchi Sea

The influence of Pacific watepn population structuref both pelagic and demersal fishegvidentin
their continuous distributiothroughout much of theorthern Bering Sea ari¢hukchi SeaFor example,
two of three major groupingencompassingeveral trophic levels, that werdentified by Sigler et al.
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(2017)spanwaters to the South and North of Bering Siraifggesting a southern origin of the associated
fish and planktorspecies with a range extending well into the Chukchi Beafish cormunity

throughout the northern Bering Sea and the southern Chukchi Sea appears to be an extension of a subset
of the Bering shelf community, although biomass, species diversity, and mean size of fishes decline
rapidly from south to nortfStevenson and Lauth 2012, Mueter et al. 2088) most speciest is

unclear at this timé what extent theefish species have established local populations in the Chukchi Sea
or are expatriateslowever,chum salmon from theltikchi Sea were genotyped to determine their stock
of origin and suggest a mixture of populations originating both to the south and to the north of Bering
Strait(Fig. 10, Appendix L). In 2012, juvenile chum salmon collected in the Chukchi Sea were
predomnantly from thed | o Kotzébbe Sound stock grouphile thosecollected in the northern Bering

Sea were predominantly of Norton Sound ori@imilarly, juvenile chum salmooollected in 2013 were

a mixture ofwestern Alaska populations, with about 25fgimating from Kotzebue Sound and the
remainder from Norton Sound, Kuskokwim River and northeastern Bristol Bay (KondzelaGtjl

The presence of a mixture of stocks within samples and regions was also evident in otolith elemental
compositions ass@ted with the early freshwater phase (Sutton and Pangle 2015).

While the Chukchi Sea fish community within waters of recent Bering Sea origin may predominantly
originate inthe Bering Seaarelativelydistinctcommunityof chighbArctic zooplankton andish
populations occupies Chukchi Sea winter waters on the Northeast Bering Sea shelf. This community
includes speciegriginating in the Arctic basife.g. zooplanktonCalanus hyperborey3hemisto
abyssorurpor distinct Arctic populations of more widetlystributed speciesuch a<C. glacialis

(Pinchuk and Eisner 2017), Bering Floun¢leusby et al. 2016)r Canadian eelpoliyycodes polaris
(Goddard et al. 2016However, t is notable that fewf the pelagic or demersiéh specie®n the

Chukchi Sea shelf appear to originate from the Arctic bagghlighting the dominancef Pacificfauna
throughoutmuch ofthe Chukchi Sea

Weakpopulation structure of fish speciesAnl a s k a disssupported yi genetic analyses of Arctic
cod, saffron cod, and capeliBoth saffron cod and capelin in the study region were genetically distinct
from conspecifics in the Gulf of Alaska, bitawved weak or no apparent population structure within the
studyregion @ppendix Y). While there was some evidence for more than one spawning population of
capelin in the Arctic, the genetic evidence suggests that they disperse after spawning torfarggeuh
the Arctic and Bering Se&enetic analysis of Arctic cod in the study region suggests low genetic
diversity anddid not detect population structure in this spe@gsendixZ), suggesting a single

panmictic populationGenetic analyses also sheahthat some small individualdantified as saffron cod

in the fieldwerein fact Arctic cod (Tony Gharrett, UAF, pers. comm.), while some walleye pollock were
misidentified asArctic cod Appendix 4. On the other hand, another closely related specehs
sometimes been confused with Arctic cod, the polarAcatbgadus glacialiswas not detected in any of
the genetic samplesppendix 2.

4.5 Trophic dynamics of Arctic marine fish communities

Understanding food web interactions is essential toigird the impacts of climate change, fishing and

other anthropogenic impacts on marine ecosystems. For example, it has been hypothesized that shallow
continental shelf ecosystems in the Arctic may switch from benthic dominated systems to pelagic
dominatedsystems with potentially profound changes for species composition at all trophic levels
(Grebmeier et al. 2006b, Wassmann 20Ah)y changes that affect the pathways of energy from primary
producers to upper trophic levels are mediated through trophic itbessdherefore changes in upper

trophic levels can only be predicted if we understand key trophic connections. Earlier studies have
described fish food habits of sel ggtFedandlioshes i
1983, Craig 1984, Coyle et al. 1997, Cui et al. 2@I®) trophic studies have become a major focus of
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BOEMO6s Environment al 2ZntracehiyeasSewrralcagnpanents of the Adtia s k a
Eis projectcontributel towards a better understanding of trophic dynamics in the region.

Fishes and crab consume a large variety of pelagic and benthic prey in the northern Bering Sea and
Chukchi Sea and diets typically differ among species, water masses and with predator skzampler, e
smallermouthed Arctic Staghorn sculpi@ymnocanthus tricuspisnd largeirmouthed shorthorn sculpin
(Myoxocephalus scorpiyswhile both generalist feeders that share a similar prey base, partition prey by
taxa or size with little apparent oveplan prey us€Gray et al. 2017)However, diets differ spatially and
both species have similarly diverse diets with a high proportion of benthic amphighdsorthern
Chukchi Sealjkely reflecting the high benthic productivity in the ai@ebmeier et al. 2006a$now

crab, a major component of epiithic biomass across the northern Bering Sea and ChukctBI8km

et al. 2009, Kolts et al. 2015re omnivorous predators in the region, consumaigchaetes, decapod
crustaceans (crabamphipods), echinodes (e.gophiuroids), and mollusks (bivalves, gastropodsih
evidence for substantial cannibalism in the Chukchi(Béane etal. 2017)

Stable isotope analységlarsh et al. 2017and multivariate angses of prey composition across multiple
predatorgWhitehouse et al. 201 ¢pnfirm that trophic levels and diets of most species vary with
predator size and among water masses. With the exceptiehagiqpforage fishes, most species in the
Chukchi Sea rely increasingly on benthic prey as they increase ifMsizgh et al. 2017Yeflecting a

shift from early pelagic stages to a primarily benthic life style. Hypothesized changes in-pelagic
coupling may therefore increase food aafility for forage fish, the early pelagic life stages of many fish
spedes and semilemersal fish, whichave a more diverse prey bdbkatincludesboth pelagic and

benthic prey.

Classifying fishes into trophic feeding guilds can simplify the analyfdisezomplexChukchi Sea food
web (Fig. 11) and aid our understanding of climatdated changes to the structure and function of Arctic
marine food webs. Whitehouse et(@017) identified four feedig guilds in the eastern Chukchi Sea,
which reflect the dominant prey types in predator diets: gammarid amphipod consumers, benthic
invertebrate generalists, fish and shrimp consumers, and zooplankton conugné). These guilds

can form the basis fanonitoring and modeling food web dynamics. For example, the hypothesized
increase in the flow of energy to the pelagic compartment would be expected to result in improved
feeding condibns for zooplankton consumers. In addition to prey abundance, paéityyaries among
different zooplankton and fish species, and data are now available for many Arctic fish species to
consider not only variability in abundance but also in energy dedgipehdixU, Fig. 13).

4.6 Winners and losers: Growth and condition in a changing climate

Fish communities in both the Pacific and Atlantic Arctic Gateways are changing. In the Atlantic Arctic,
boreal fish species are increasingly replacing Arctic species in the Sulantitctransition zone

(Renaud et al. 2012, Fossheim et al. 208&ilarly, boreal fishes in the eastern Bering Sea expand
northward during warm periodMueter and Litzow 2008 nd there is a potential for at least some

species to expand and become established in the Arctic north of BeringoBfi@itArctic species to

expand locallyHollowed et al. 2013) While we cannot yet predict the impaof a rapidly warming

climate on fishes in the Pacific Arctic Gateway with any degree of certainty, results from AraimEis
other studiesupport hypotheses that ceddapted species like Arctic cod may be replaced by competitors
that are able to tetate a wider range of temperatures, and that some boreal sipetirkng salmon

may expand northward into the Chukchi $e&eyond

2 httpsi//www.boem.gov/Alasktudies/
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Arctic cod are a quintessential Arctic species: both juvéhderel et al. 2016and adult Arctic cod

(Helser et al. 20179re coldadapted ad their growth potential appears to be highest at low temperatures.
Arctic cod partially overlap with and have similar diets to saffrod, walleye pollock, capelimnd other
forage fish(e.g. Hop and Gjgsaeter %) Falardeau et al. 2014nplying a high potential for interspecific
competition. The growth potential of some of these competitors, in particular walleye pollock and saffron
cod, exceeds that of Arctic cod at temperatures above abQuinghe lab(Laurel et al. 2016)

suggesting a competitive disadvantage of Arctic cod in warmer waters. Saffron cod collected across the
northern Bering Sea and Chukchi Searmythe 2012 Arctic Eis surveys attained maximum sizes at a
faster rate than Arctic cd@felser et al. 2017Howeverapparent growth rates of Arctic cod in the

Chukchi Sea exceed those of saffron cod irstrae year, while saffron cod grat a faster rate than

Arctic cod in the northern Bering Sea. It is unclear to what extent these differences reflect differences in
environmental temperatures or other environtakconditions.

Salmon are an important subsistence and commercial resource in western Alaska and juvenile salmon of
all five species of Pacific salmon were collected during the Arctic Eis surveys, althougimoaokc

salmon Oncorhynchus tshawytschand only 2 coho salmo®( kisutch were caught north of Bering

Strait. Relatively few juveniles of any salmon species were caught in the Chukchi Sea in either 2012 or
2013, in contrast to the large numbers of gidk gorbuschpand chum salmorQ ketg observed during

a survey in the southern portion of the Chukchi Sea in PB@ner et al. 2012when water temperatures

were considerablwarmer(in part as a result of later sampling). These observations cahfrpotential

for juvenile salmon to expand northward into the Chukchi Sea during warm years to take advantage of
feeding opportunities in this productive shelf area and possitdfpksh new runs in the Arct{trvine

and Fukuwaka 2011, Nielsen et al. 2012, Logerwell et al. 2015)

Juvenile chum, pink, and Chinook salmon are widespread and abundant in the northern Bering Sea,
largely orignating from the Yukon River and Norton Soufibndzela et al. 2014 he origin of salmon

is of great interest to magers, who are tasked with ensuring that sufficient numbers of salmon return to
their natal streams to spawn. Stock identification is a particular challenge for chum salmon due to low
genetic diversity. Otolith elemental analysis may provide a useful méshddferentiating stocks of

origin for salmon collected in the marine environment. A pilot study examining salmon collected during
surveys in the eastern Bering Sea and Chukchi Sea showed clear differences in the chemical signature
corresponding to thigeshwater phase among four regions (Chukchi Sea, North and South Bering Sea,
and Bristol Bay), but limited spatial differentiation within these reg{@uwton and Pangl2015. This
suggests that the method has potential for differentiating among sbotkalidation with fish of know
origin is required t@ccuratelyassign fish sampled in the marinev@#onment taheir stocks of origin.

Juvenile salmon utilize the Bering Sea shelf ecosystem during their early marine life to take advantage of
high seaonal productiorfFarley et al. 2009apaining size and condition as they move offst{@évechter

et al. 2017)Chum salmon in the northern Bering Sea and Chukchi Sea during 2007, 2012 and 2013
entered the ocean environment from fdithe to mieduly and grew at similar rates in both areas and all
years based on otolith growth incremefsga et al. 2017)However, faster growth was observed in the
Chukchi Sea in 201@/ega et al. 2017and growth and energy allocation strategies of juvenile pink and
chum salmon vary between warm and cold years in the northern Beriggriseaws et al. 2009a,
Wechter et al. 2017Both species showoherent differences in lengthdanondition among years and are
longer but havéower energy density in years with warm spring temperatures. While warm spring
conditions and larger size is typically associated etthance survival of Alaska pink and chum salmon
stocks(Mueter et al. 2002)it has been hypothesized that a lack of large,ijgid zooplankton prey

during warm years could reduce survigdsalmonin the Bering SeéFarley et al. 2011aHowever,

trends in the abundances of small and |lag@plankton differ between the southern and northern
portions of the eastern Bering Sea siéner et al. 2014}herefore the consequences of changing
thermal conditions for pink and chum salmon survival in the nortBering Sea remain uncertain.
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In contrast to pink and chum salmon, Chinook salmon enter the marine environment at a larger size and
theyear clas strength of Canadian origin Yukon River Chinook salmon appears to be established during
the early marine period, prior to sampling in late summer suxysphy et al. 2017)The abundance of
juvenile Chinook salmon of Canadian origin on the northeast Bering Sea shelf is highly correlated with
adult returns over the last tgaars and appesio provide a useful early predictor for future retuffig).

14). Survival and abundance of juvenile Chinook salmon increased greatly in 2013 and 2014 after more
than a decade of very poor survival, raising the possibility of restashigd opportunities on the upper
Yukon River(Murphy et al. 2017)althaigh the reasons for recent declines gnahpparent recovery

remain elusive.

4.7 Population dynamics of potential fishery targets: Arctic cod and snow
crab

The Arctic Fisheries Management PIPFMC 2009)dentifies three potential target species in

Al askabds Ar ct odcsaffwon co@d ansl snowAcrak. Howevercthe plaactively prohibits
Afcommerci al harvests of all fish resources of the
available to support the sust ailTonzdthese infoamatiog e ment o
needsthe plan promotes researchincrease knowledge of the marine environment and of the life history

and biology of these species in particular. Closing significant gaps in our understanding of the population
structure, trophic e, life history, and population dynamics of these key fish and crab species is also of

primary importance to BOEM as it provides some of the information required to assess the impacts on

these and other fish and shellfish populations from potential dijas development. Finally, monitoring

these populations in a time of rapid changes in the Aictidtical to understanding the combined

impacts and risks from climate change and other anthropogenic factors.

The Arctic Eisproject, in combination withtber completed and ongoing research, has greatly expanded
our understanding of the biology and dynamics of Arctic cod and snow crab populations in the Chukchi
Sea as well a®ur understanding of saffron cbtblogy. While the reproductive biology of Arictcodin

Al a s k a éreamaiAsrpaotlyiurderstood, much progress has been made in undersaapdictg of

their early life historytrophic dynamics (section 4.8hdgeneral distribution and abundance. A large,
previously undocumented aggregatiorpdigic youngof-year Arctic cod was present ovbe Northeast
Chukchi Sea shelf in both 2012 and 2@D@& Robertis et al. 2017dn contrast densities ohge 1+

Arctic cod on theeastern Chukchi Seshelf were low with a total biomassthin the survey area

estimated a#4,500 mt (95% confidence interval: 26,5886,970 mt). Using estimates of growttelser

et al. 2017@andreproductive parameters (fecundity, matugattength)from the Atlantic(Nahrgang et al.
2016) combined with literature derived ranges for egg stage duration and egg and larval mortality,
strorgly suggesthat mature females in the survey areancaproduce enough eggs pooducethe

estimated number of ags observed during acoustic survey$ate summe(AppendixM). This

suggests that either mature fish are migrating intatitthern Bering Sea @hukchi Seato spawn in the
winter, that ag® fish originate from a much larger spawning population outside the study area, or that
we are underestimating the abundance of mature Arctic cod in the study area. Most likely, Arctic cod in
the USportion of theChukchi Sea are part of a larger stock with a much broader geographic distribution,
with the Northeast Chukchi Searvingas an important nursery area for Arctic cod inRlaeific Arctic
Exploratory acoustic surveys across the Chukchi Sea slope irttagimewere conducted during the 2013
Arctic Eis survey but failed to find concentrations of older Arctic cod in deeper waters, which have been
observed off the Beaufort Sea slope in the western Beaufo(P8deerStetter et al. 20119nd in the
Caradian BeauforBea(Benoit et al. 2008, Geoffroy et al. 201Blowever, a thin scattering layer of age

1 Arctic cod, as confirmed byraidwatertrawl sample, was observed in Barrow Canyon between
approximately 23@ 260 m depth, just within a slightly warmer, more saline Atlantic water rR&gs (

15).
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Theabundance of snow cratnthe Chukchi Seis surprisinglyhigh (Table 1)with an estimated biomass
that exceeds the biomass of all demersal fish combined (Goeldalrd2016) reflecting high benthic
productivity. Thesnow cralpopulationis dominated bygmall individuals tht are generally well below
the legalsize(100mm)established for male snow crab in the Southeast Beringr8eaize of snow crab
is likely smaller in thenorthern Bering Sea arthukchi Sea becauggowth is limited bycold bottom
temperaturegKolts et al. 2015)In spite of their small siz@, sizable fraction demale crab in the
northeast Chukchi Ses mature(Goddard et al. 201®ivine 201§ due to a relatively small size at
maturity (50% mature at 46 mnkig. 16). Male snow crab mature at a larger size (50% mature at 62 mm,
Fig. 16) and arelativelysmall proportion omalesnow cr# collected in the Chukchi Segeresexually
mature (Divine 2016Fig. 16). In spite of low male abundancesaturefemalesin the Chukchi Sedid

not appear to be spesimited as theystored sperm in low to moderate amounts, comparable to the
Bering Seaand Canadian wate(SainteMarie et al. 2002, Stichert et al. 2013hissuggesta
reproductively active populatian the northeasthukchi Sea, whicks alsosupported by the presence of
early zoea stages afiew crab on the nortiastChukchi Sea shelf (J. Weems, unpublished data).

Snow crab in the southern Chukchi Sea tend to be srttadierin the northern Chukchi Saad may
primarily consist of juveniles emigrating from the northern Bering Sea aftengédtlihe bottomin

Chirikov Basin(Kolts et al. 2015)Settlement of crabriginatingfrom the Southeast Bering Siea

Chirikov Basinis supported bydrge abundances lafte stagemegalopaén planktonsamples collected in
thearea (A. Pinchuk and J. Weems, unplublished détagther these snow crab contribute to the
population in the northern Chukchi Sea through continued northward migration or by releasing larvae
which are then transported to the hoxdr both, is currently unknown.

5. Conclusions

The Arctic Ecosgtem Integrated Survéyas provided a much more comprehensive assessmibet of
northern Bering Sea ar¢hukchi Seacosystem, with a focus on demersal and pelagic fishes and
invertebratesthanwas previously availabl&he assessment includes new information on the
distribution, abundance, biology and population dynamics of plankton and fish populations in the
northern Bering Sea and Chukchi $eaddress project objectived/hile major result have been
published in a special issue in Degpa ReseardMueter et al. 2017)many laboratory studies are
ongoingand data collected during Arcticdiontinuesto contribute tanuch work that is still in progress
A major legacy of the projegitill be the databases and maps submitted to the Alaska Ocean Observing
System's Arctic Portal (http://portal.aoos.org/arctis) well as to national archives. In addition to the
databases and published studies, a major benefit of the projeittattaéningthat wasprovidedfor a
number of students and pakics.

Some key scientific findings from the project include the gsing differences in ceanographic
conditions between 2012 and 2013 due to differences in local winds and in the flow of Pacific waters
through Bering StraifDanielson et al2017). The observed differences between 2012 and 2013 are
consistent with thebservation that in 2012 the distribution of biological communities from plankton
through seabirds, including epibenthic fish and invertebrai@slargelyshaped byhe distribution of
water masses.hese relationships foretell potentidfects of climate change on these communities,
which will be diven by changes iphysicalconditions that determirtbe thermal environment as well as
advection through Bering Strait and the resulting distribution of water masses in the Chukchi Sea.
However, mderstandig food web interactions is essential to predicting the ultic@isequencesf
climate changejil and gas developmeriishing and other anthropogenic impactstioesemarine
ecosystemas was vividly demonstrated in the Southeast Bering Sea whenevatiBgckpopulations
declined substantiallgis a result ofinexpecteadhanges in the food welHunt et al. 2011)In the

northern Bering Sea and Chukchi Sezean temperatures and food conditibkewiseinfluence the
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community compositiomand may shift the balance betwesrintessential Arcticg.g.Arctic cod) and
subarctic ¢.g.Pacificsalmon) specieis the future
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Figure 1. Map of study region

Map of the Pacific Arctic with 200, 80, 45, 35, and 25 m isobaths, place nhames and inferred major current patterns.
Abbreviations for major landmarks include NI = Nunivak Island, SLI = St. Lawrence Island, WI = Wrangel Island, KS =
Kotzebue Sound, PB = Peard Bay. Mean flow pathways are color coded to denote current systems and/or typical
water mass pathways: Yellow = Bering Slope Current and Beaufort Gyre; Black = Alaskan Coastal Current; Brown =
Siberian Coastal Current; Purple = pathways of Bering shelf, Anadyr, and Chukchi shelf waters. Red circle denotes
location of mooring BC2. Adapted from Danielson et al. (2017, Appendix C).
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Figure 2. Grid of sampling stations

Stations sampled during the 2012 and 2013 Arctic Eis surveys. Not all stations could be sampled each year due to
the presence of sea ice or inclement weather. All paired surface and bottom trawl stations (triangle, inset black circle)
occurred in the Chukchi Sea north of Bering Strait. An acoustic survey was conducted along east-west transects
between stations throughout the survey region. Midwater trawling (grey squares) was conducted to sample
aggregations of midwater fishes identified by the acoustic survey. Oceanography stations (black crosses) denote
stations where no fishing gear was deployed; however, oceanographic sampling (physics, chemistry, plankton) was

conducted at all main stations as well as th e

Mueter et al. (2017).
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Figure 3. Surface and bottom water mass characteristics
Temperature (T, left panels) and salinity (S, right panels) near within 10 m of the surface (top row) and near the seafloor within 5 m of the deepest measurement
(bottom row) for 2012 and 2013. Adapted from Danielson et al. (2017, Appendix C).
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Figure 4. Zooplankton biomass and stage composition

Spatial distribution of the biomass (mg m-3) of Arctic zooplankton group (Column 1), Pacific zooplankton group (Column 2), and Calanus glacialis (copepodite
stages C3 and older are pooled, Column 3) on the northern Bering and Chukchi Sea shelves in late summer 20127 2013. Column 4 shows the spatial stage-
specific population structure of Calanus glacialis (abundance of copepodite stages C3, C4, and C5 normalized to total C. glacialis abundance) on the northern
Bering and Chukchi Sea shelves in late summer 20121 2013. Data presented as a composite RGB color proportional to each stage contribution at each location.
T 2012, Hi 2013. Adapted from Pinchuk and Eisner (2017, Appendix Q).
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Figure 5. Density of pelagic fishes

Density of pelagic age-0 Arctic cod, age-0 saffron cod, capelin, and Pacific herring estimated by acoustic trawl
methods in 0.5 nmi along-track intervals in 2012 and 2013. The 50 and 150m depth contours are shown as light gray
lines. From de Robertis et al. (2017, Appendix E).
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Figure 6. North-South gradient in fish abundance

Gradient in log-transformed catch-per-unit-effort (CPUE) of all fish species combined by latitude, based on bottom
trawl surveys conducted during the summers of 2009-2012. The Southeast Bering Sea has been surveyed annually
since 1982, while the northern Bering Sea and Chukchi Sea were each sampled once in 2010 and 2012, respectively.
Sampling extended from July through September and generally occurred earlier in the Southeast Bering Sea (July-
August) compared to the more northern regions (August-September). Back-transformed CPUE values range from
approximately 400 kg/haat57e N t o < 1 3 kDatalfran Lauth et al. (2011) and Goddard et al. (2016,
Appendix H).
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Figure 7. Map of fish and invertebrate communities

Map of the major mode of species composition as quantified by non-metric multi-dimensional scaling of fourth-root

transformed catch-per-unit-effort of fish and major invertebrate species sampled by bottom trawl on the eastern

Bering Sea shelf in 2010 and on the Chukchi Sea shelf in 2010, spanning a south to north range of 1800 km. Grey

dots denote sampling locations. The gradient reflects a turnover in species composition from a strictly subarctic

community on the Southeast Bering Sea shelf (tan to yellow) to a strictly Arctic community in the northern Chukchi

Sea (blue). Major species that are strongly correlated with and characteristic of the two ends of the gradient are

listed. Not e the oO6footprintd of the cold pool in the southeast
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Figure 8. Map of major cross-taxa communities

Map showing polygons outlining regions of three cross-taxa communities. The three regions are Chukchi shelf
(green), Bering Strait and northward (red), and Alaska Coastal Current (blue). The regions are approximate and
based on non-metric multidimensional scaling analysis of four separate assemblages (macro-zooplankton, pelagic
fish and invertebrates, epibenthic fish and invertebrates, and seabirds). The dots represent station locations sampled
in 2012. Analyses were based on 2012 samples for all taxa and areas except 2010 samples for epibenthic taxa in the
northern Bering Sea. Adapted from Sigler et al. (2017, Appendix R).
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Figure 9. Least auklet and zooplankton abundance

Least Auklet density along Arctic Eis survey transects in 2012 (left) with sea surface salinity (center) and total zooplankton biomass (right). (Figures provided by

Kathy Kultez and A. Catherine Pham).
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Figure 10. Juvenile chum salmon stock composition

Stock composition estimates for juvenile chum salmon samples from the 2012 and 2013 U.S. BASIS/Arctic Eis
research surveys. Estimates are from analyses that used a coastwide baseline (top panel), and a more localized
western Alaska baseline (bottom panel). GOA = Gulf of Alaska, PNW = Pacific Northwest, NEBB = northeastern

Bristol Bay. From Kondzela et al. (Appendix L).
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Figure 11. Food web diagram for the eastern Chukchi Sea food web.

Functional groups (boxes) are arranged vertically by trophic level (a few groups moved up or down to improve readability). The height of the box is roughly
proportional to the log biomass of the group. The width of the line between groups is proportional to the magnitude in mass flow. Blue boxes highlight benthic basal
resource, and green boxes highlight pelagic sources, with varying shades in between. Adapted from Whitehouse and Aydin (Appendix W)
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Figure 12. Diet similarity among major fish species
NMDS ordination constructed from the Bi C matrix of diet dissimilarities. Four guilds identified by cluster analysis are highlighted. Loading vectors of significant
prey types (p < 0.01) are included (blue vectors and prey names) to aid interpretation of ordination results. From Whitehouse et al. (Appendix X).

47



Gadidae

473
A48+

Arctic Fishes

428

Energy Densi
; ,
>
4
<
F
OS,Q

Figure 13. Energy density of Arctic fishes

:

B
Arctic Cod Walleye Pollock Saffron Cod
&
N
&
sﬂ
& &5

&
Average energy density (kJ/g wet mass) of all sampled Arctic fish species. Like letters indicate statistical similarity determined by ANOVA. Adapted from
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Figure 14. Upper Yukon Chinook salmon returns

The relationship between juvenile and adult return abundance for the Canadian-origin stock group of Chinook salmon
in the Yukon River, 2003 to 2010. Adult abundance is the number of returning adults by juvenile year. Numbers
associated with each data point indicate the juvenile year. From Murphy et al. (2017, Appendix O).
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Figure 15. Echogram of Arctic cod in Barrow Canyon

Echogram showing the Arctic cod near-surface layer (age-0) and the deep layer (age-1+) observed during offshore
exploratory survey near Barrow Canyon (left). The color scale is shown as an inset. Temperature and salinity profiles
from this location show that the age-1+ fish layer coincides with warmer and more saline Atlantic water. From De
Robertis et al. (2017b, Appendix E).
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Figure 16. Snow crab maturity at size and selectivity at size

Estimated proportion of mature male and female snow crab in the Chukchi Sea with size at 50% maturity (left) and
size frequency distributions of immature and mature female snow crab with estimated logistic selectivity at size of 83-
112 Eastern Bottom Trawl (EBT) relative to Plumb Staff Beam Trawl (PSBT). Modified from Divine et al. (Appendix
F).
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Tablel. Estimatedotal abundancefN) of Arctic Cod (Boreogadusaidg), SaffronCod (Eliginus

gracilis), Capelin(Mallotusvillosug, PacificHerring (Clupeapallasi), andsnowcrab(Chionoecetes
opilio) from bottomtrawl (BT, Britt etal. 2016,Divine etal. 2016),acoustietrawl (AT, Robertisetal.
2016),andzooplanktortows (ZT, Busbyetal. 2016, Weemsunpubl.)in 2012and2013.

Gear Year Region N (millions) Year Region N (millions)
Arctic Cod
Adults BT 2012 N. Chukchi Sea 1,487 ;2,257 2013 N. Chukchi Sea -
S. Chukchi See 796 ; 541 S. Chukchi See -
N. Bering Sea - N. Bering Sea -
Adults & AT 2012 N. Chukchi Sea 80,000 2013 N. Chukchi Sea 240,000
Age-0 S. Chukchi See 190 S. ChukchiSea 2,300
N. Bering Sea 6,500 N. Bering Sea  0.00014
Larvae & ZT 2012 N. Chukchi Sea Present 2013 N. Chukchi Sea  Present
Eggs S. Chukchi See - S. Chukchi See  Present
N. Bering Sea - N. Bering Sea -
Saffron Cod
Adults BT 2012 N. Chukchi Sea 11;192 2013  N. Chukchi Sea -
S. Chukchi See 194 ;511 S. Chukchi See -
N. Bering Sea - N. Bering Sea -
Adults & AT 2012 N. Chukchi Sea 690 2013  N. Chukchi Sea 1,600
Age-0 S. Chukchi See 780 S. Chukchi See 4,400
N. Bering ®a 50 N. Bering Sea 15
Larvae & ZT 2012 N. Chukchi Sea Present 2013 N. Chukchi Sea  Present
Eggs S. Chukchi See - S. Chukchi See  Present
N. Bering Sea - N. Bering Sea -
Capelin
Adults & AT 2012 N. Chukchi Sea 810 2013 N. Chukchi Sea 1,200
Age-0 S. Chukchi See 310 S. Chukchi See 27
N. Bering Sea 330 N. Bering Sea 740
Larvae & ZT 2012 N. Chukchi Sea - 2013 N. Chukchi Sea  Present
Eggs S. Chukchi See Present S. Chukchi See  Present
N. Bering Sea Present N. Bering Sea  Preent
Pacific Herring
Adults & AT 2012 N. Chukchi Sea 9.4 2013  N. Chukchi Sea 0.09
Age-0 S. Chukchi See 170 S. Chukchi See 40
N. Bering Sea 1,300 N. Bering Sea 7,500
Larvae & ZT 2012 N. Chukchi Sea - 2013 N. Chukchi Sea -
Eggs S. Chukchi Sea - S. Chukchi See -
N. Bering Sea Present N. Bering Sea -
Snow Crab
Adults BT 2012 N. Chukchi Sea 2,045; 72,631 2013 N. Chukchi Sea -
S. Chukchi See 1,904 ; 343,122 S. Chukchi See -
N. Bering Sea - N. Bering Sea -
Larvae ZT 2012 N. Chukchi Sea 1.05 2013  N. Chukchi Sea -
S. Chukchi See 0.44 S. Chukchi See -
N. Bering Sea 1.80 N. Bering Sea -

* BT Gear Type: Adult Arctic Cod, Saffron Cod, and snow crab are demersal or benthigafited and caught best

in bottom trawls. Adult catciperunit-effort (#/km2) estimates were taken from thel82 Otter Trawls and the
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Plumb Staff Beam Trawls in 2012 respectively, standardized by number of stations sampled per region, and multiplied
by approximate survey area (8hukchi = 150,000 km2; S. Chukchi = 50,000 km2 or N. Bering = 150,000 km2).

* AT Gear Type: See De Robertis et al. 2016 for description.

* ZT Gear Type: Larval snow crab catplerunit-effort (#/m3xdepth) were taken from the 505um Bongo Net,
standardized yonumber of stations sampled per region, and multiplied by approximate survey area (N. Chukchi =
150,000 km2; S. Chukchi = 50,000 km2 or N. Bering = 150,000 km2). Preliminary results, contaCtRO&-Ph.D.

student Jared Weems.
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1. ABSTRACT

Longterm monitoring of the highArctic marine biota is needed to understand how the
ecosystems changing in response to climate change, diminishingcgand increasing
anthropogenic activity. Since 1959, bottom trawls (BT) have been a primary research tool for
investigating fishes, crabs and other demersal macrofauna in theAvigic. Howeve,

sampling gears, methodologies, and the overall survey designs used have generally lacked
consistency and/or have had limited spatial coverage. This has restricted the ability of scientists
and managers to effectively use existing BT survey data fostigeging historical trends and
zoogeographic changes in higinctic marine populations. Two different BTs currently being

used for surveying the higArctic are: 1) a smathesh 3m plumb-staff beam trawl (PSBT), and

2) a largemesh 83112 Eastern bottontrawl (EBT). A paired comparison study was conducted

in 2012 to compare catch composition and the sampling characteristics of the two different
trawl gears, and a size selectivity ratio statistic was used to investigate how the probability of
fish and créa retention differs between the EBT and PBST. Obvious contrasting characteristics of
the PSBT and EBT were mesh size -anapt, tow speed, and vertical opening. The finer mesh
and harder bottomtending characteristics of the PSBT retained juvenile fiahesother

smaller macroinvertebrates and it was also more efficient catching benthic infauna that were
just below the surface. The EBT had a larger net opening with greater tow duration at a higher
speed that covered a potentially wider range of benthabitats during a single tow, and it was
more efficient at capturing larger and more mobile organisms, as well as organisms that were

further off bottom.
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2. INTRODUCTION

There are two primary research bottom trawl gears currently being used by U.S.alesesafor
long-term monitoring studies of the epibenthic macrofauna in Alaskan arctic seas: 1)rthe 3
plumb-staff beam trawl (PSBT; after Gunderson and Ellis, 1986; Abookire and Rose, 2005,
Norcross et al., 2010), and 2) the Alaska Fisheries Science Q&R8C) 8312 Eastern bottom
trawl (EBT; Stauffer, 2004). Both are valuable research tools for understanding trends and
temporal shifts in biota and for monitoring the health and status of the Arctic ecosystem (e.g.,
Norcross et al., 2010; Sigler et 2011; Stevenson and Lauth, 2011). However, the two
standard survey gears are fundamentally different and there are no studies directly comparing
standard samples of epibenthic macrofauna taken by each; these studies are necessary for
assessing and interpting the results from the respective surveys currently being done in the

Arctic.

The PSBT has been used successfully since 2004 for research cruises in the Chukchi Sea,

Beaufort Sea, and eastern Bering Sea shelf (Norcross et al., 2010; Norcrosrpeary. An

F SN} 3S aidlyRINR (29 6A0GK GKS t{.¢ O20SNAR I 0o
meshes (7 mm body; 4 mm cod end) are very effective at capturing juvenile and small adult

bottom fish and other epibenthic macrofauna that are in comtath or immediately above

the sea floor.

{AYyOS mMpyH> (GKS 9.¢Qa LINAYINEB dzaS KIFa oSSy T2
stocks in annual surveys on the eastern Bering Sea shelf, and it has also been used episodically
since 1976 to do fishefipdependent surveys in the northern Bering Sea (Lauth, 2011),

Kotzebue Sound (Wolotira et al., 1977), northeastern Chukchi Sea (Barber et al., 1997), and
Beaufort Sea (Rand and Logerwell, 2010). In contrast to the PSBT, the EBT covers an average
bottom area of 22,000 m2 during a standard tow and the trawl net has relatively large meshes

(202 mm body; 89 mm intermediate; 32 mm cod end) that allow escapement of small bottom

fish, crabs and other small epibenthic macrofauna. For the commercially impod#ntbfish

and crabs, there is considerable published research in fishery journals about the EBT trawl
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performance and catching efficiency (e.g., Somerton et al., 2007; Kotwicki et al., 2011), as well
as published standard protocols for using the trawt@mducting bottom trawl surveys
(Stauffer, 2004).

The objective of this experiment was to do standard paired tows with the small mesh PSBT and
large mesh EBT for a general ttmwrtow comparison of catch and size composition of bottom
fishes, crabs, andther epibenthic macrofauna. This report is limited to general comparisons

for those paired trawl samples that were standardized to caiehareaswept. A more

rigorous sampling design with replicate tows would be required for making statistically valid

comparisons between the two trawl gear types.

3.METHODS

3.1Vessel and Station Selection

The bottom trawl comparison study was integrated into the survey efforts that were conducted
aboard the chartered F/V Alaska Knight as part of the 2012 Arctgy&emn Integrated Survey
(Arctic EIS) supported by Bureau of Ocean Energy Management (BOEM), National Oceanic and
Atmospheric Administration (NOAA) AFSC, University of Alaska Fairbanks (UAF), and U.S. Fish
and Wildlife Service (USFWS). The F/V Alaskatisigi3.5 m long twhengine housdorward
commercial fishing trawler with a stern ramp and a Kort nozzle, allowing for suitable control of
the vessel at the slow trawling speeds necessary for towing the PSBT (1.5 knots) and the EBT
(3.0 knots) bottom tawls. During standard bottom trawling operations for the Arctic EIS survey,
stations were opportunistically selected for gear comparison tows using the PSBT based on the
amount of available survey time to switch trawls while at a selected station. Copddws

were made along parallel tow tracks located less than 300 m apart following standard operating
protocols for each trawl. The initial trawl net used at each station was randomly determined.
When possible, the trawl was conducted near the centiethe 30 x 30 nmi grid cell of the

selected station and the vessel maintained a single heading during the tow.
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3.283-112 Eastern TrawEB7 Design and Procedures

The EBT used for the study consisted of NOAA AFSC Resource Assessment and Conservation
Engineering (RACE) Division standardized trawls, bridles, and trawl doors that had been
certified for quantitative assessment work in the eastern Bering Sea. The EBT had a 25.3 m
(83ft) headrope and a 34.1 m (112 ft) footrope (Figure 1). The footropeislaeifwithout

roller gear and consisted of a wrapped chain to maximize bottom contact and catchability. The
body of the net was constructed from nylon mesh. Mesh sizes were 10.2 cm (4 in) in the wings
and body and 8.9 cm (3.5 in) in the intermediate andend. The codend also had a liner of
3.2.cm (1.25 in) mesh. They were towed behind 816 kg, 1.8 X 2.7 m, -sleets/and paired

with 54.9 m (180.1 ft) dandylines. Each lower dandyline had a 61cm chain extension connected

to the lower wing edge to im@mve bottom tending characteristics.

A digital bathythermograph, CTD, and light meter were attached to the headrope and deployed
with each trawl, resulting in oceanographic observations of the depth, temperature, salinity,
and relative light intensity thnagh the water column and at the targeted trawl depth. A

bottom contact sensor (inclinometer/accelerometer) provided data used to assess the bottom
tending performance of the net and to determine when the footrope was in contact with the
seafloor. Net mesuration sensors were used to assess trawl performance and to provide net

geometry data used to calculate the area swept by the trawl.

Operations were conducted in rigorous compliance with the national and regional protocols
detailed in Stauffer (2004)Any hauls that sustained significant gear damage or contained

debris were resurveyed immediately following the unsuccessful haul.

Comparison samples were collected by trawling at 1.54 m/sec (3.0 knots) for 15 minutes. Trawl
warps (wire out) were determed using the standardized scope table used in the Eastern

Bering Sea (Stauffer, 2004). Total catches weighing less than 1,150 kg (2,500 Ib) were placed
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directly onto a sorting table and the catch was sorted and enumerated in its entirety. Larger
catches were weighed in aggregate and subsampled before sorting. After sorting subsampled
catches, individual species were weighed in aggregate and counted, and then these numbers

were expanded to the total catch weight.

3.3Plumb Staff Beam TrawR$BYDesign and Procedures

The PSBT used for the study consisted of a modified design from that originally described by
Gunderson and Ellis (1986) and has been used extensively in recent years within the Chukchi
and Beaufort seas (Norcross et al., 2010; Brend&dss pers. comm.). The PSBT consisted of
a 4.1 m headrope and 5.1 m footrope that were held open by a reinforced 3.8 cm x 3.1 m steel
beam that is attached to the headrope with a 1.0 cm x 1.8 m nylon bridle and to the footrope
with a 1.3 cm x 1.4 m nyhobridle (Figure 2). A 19 kg tip weight was attached on each end of
the footrope and one 20 cm plastic float was attached to each end of the reinforced beam. The
footrope was leadined and had 15 cm lengths of hanging chain attached every 15 cm.
Additionally, the trawl had a double tickler chain that sweeps the substrate in front of the
footrope. The body of the trawl had 7 mm square knotless nylon mesh and the codend had a 4
mm nylon mesh liner. The steel beam created a fixed net opening with anie&extt width

when fished on the bottom of 2.257 m (Gunderson and Ellis, 1986).

A digital bathythermograph was attached to the center ring on the reinforced steel beam and
deployed with each trawl, resulting in oceanographic observations of depth andeietype
through the water column and at the targeted trawl depth. A bottom contact sensor
(inclinometer/accelerometer) was attached to one of the hanging chain segments attached to
the leadlined footrope near the centerline of the trawl which providedalased to assess the
bottom tending performance of the net and to determine when the footrope was in contact

with the seafloor.

Comparison samples were collected by trawling at 0.77 m/sec (1.5 knotspfani@utes. The

net was fished from a single 1.8in doublebraided nylon tow line using the scope table
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designed by Norcross (Brenda Norcross, pers. comm.). All of the catches from the PSBT were
placed directly onto a sorting table and the catch was sorted, weighed, and enumerated in its

entirety.

3.4 Catch Analysis

For comparison purposes, catch rates were expressed as kilograms or numbers of individuals
per hectare (1 hectare = 10,000 m2). These catch per unit effort (CPUE) values were estimated
for both trawls using the areawept method (Alversoand Pereyra, 1969). In the case of the
EBT, area swept was estimated by multiplying the distance towed by the mean net spread,
empirically derived from the net mensuration sensors attached to the wing tips of the trawl.

For the PSBT, the effective fixeet width was determined to be 2.257 m, based on the direct
measurements of effective net width made by Gunderson and Ellis (1986). The distance towed
for both trawls was determined by computing the distance traveled over ground by the vessel
between thetime the footrope came into contact with the bottom and the time when the
footrope came off the bottom, as determined by the attached bottom contact sensor. For each
species, a CPUE was calculated for each tow by dividing the catch weight (kg) or atimber
individuals by the area swept by the trawl in hectares (ha).

Estimation of the size composition for each species was derived by expanding the length
frequencies collected (to the nearest millimeter, mm) to the total catch at each station for each
trawl. Fork length (FL) was the default measurement for fishes, and total length (TL) was used

for fishes having a caudal fin with a straight or rounded posterior edge.

Only stations completed according to standard operating protocols for both trawls wetk use

for comparison.

4. RESULTS & DISCUSSSION

A total of 39 of the 70 sampled stations sampled during the 2012 Arctic EIS bottom trawl survey

were successfully sampled with both the-882 Eastern bottom trawl and the PSBT (Figure 3).
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Of these, 35 stationwere sampled along parallel trawl paths within a three hour period. The
PSBT tows at the remaining four stations0fA BO1, G02, and B02) were separated by 385
days from the time of the EBT tow because there was additional survey time availaiolg dur
the return transit after completing the Arctic EIS bottom trawl sampling in the Chukchi Sea.
Selected stations for paired tows were randomly spread throughout the study area,
representing the full geographic range of available habitats to bottom sawterms of depth,

temperature, and bottom type.

Direct comparisons of the catch and haul characteristics for the PSBT and EBT at each station
can be found in Appendix A. Each comparison shows differences in the overall area sampled by
each trawl (irhectares), bottom depth, temperature, total catch weight (in kg), and measures

of species richness in terms of the number of fish and invertebrate taxa caught, as well as the
number of taxa caught that were unique to a specific trawl gear type at eadorstdthe CPUES

for weight and number of individuals for both trawl gear types are also summarized in tables by
station in Appendix A. The top ten fish and top twelve invertebrate taxa were chosen for each

paired towed based upon those with the highest ERkkight (kg) for both trawls combined.

Overall, the mean area swept by the PSBT per haul was 2% of the mean area sampled by the
EBT, or 0.045 ha compared to 1.945 ha. The area sampled by all 39 PSBT hauls combined was
less than the average area sampl®da single EBT tow. Similarly, the mean total catch weight

for the EBT was 94% greater than the PSBT, or 230.81 kg compared to 13.18 kg.

Species/taxa presence or absence was a good measure for determining general differences
between trawl catches. dnparative size composition plots were also created for five different
fish species and snow crab (Chionoecetes opilio) at each station. Fish species were selected
based on whether they were part of the top ten list used in Table 2 catch comparisozesctor
station, or secondarily, if they represented a significant portion of the catch at a station. Some
stations had less than five total species resulting in fewer than five comparative size

composition plots.
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In terms of catch, a total of 55 differenpeacies of fish and 288 different taxa of invertebrates

were observed in the combined catches of both the PSBT and EBT. On average, the two trawls
caught a similar number of taxa per haul, with the EBT catching 9.56 fish species and 39.41
invertebrate taxa compared to 9.41 fish species and 31.28 invertebrate taxa for the PSBT.
However, as observed in the statitny-station comparisons in Appendix A, the catch

composition between the PSBT and the EBT, as well as between each station, was very
different. Tre EBT caught 12 fish species and 80 invertebrate taxa that were not observed in the
PSBT catches while the PSBT caught 6 fish species and 54 invertebrate taxa that were unique.
Combining these results, 33% of the fish species and 47% of the invertehxatevere gear

specific. A high abundance of clams from the genera Nucula or Nuculana or both were present
in PSBT catches (e.g., StatioA@3\ G02, M02, 1-04) compared to very low abundance or
absence from EBT catches suggesting that the PSBT tendbdttbm harder than the EBT and

was more efficient at capturing benthic infauna near the surface.

Gearspecific sampling was also observed in the size composition of fishes and snow crabs from
paired tows, with the EBT catching larger fish overall whitely sampling the earlier life stages

that were very common in the PSBT catches. The mean fork length of Arctic cod (Boreogadus
saida) collected in the EBT was 113 + 20 mm (1 SD) and 93 + 26 mm for the PSBT. Even greater
differences were observed wittaffron cod (Eleginus gracilis), where the mean fork length was

194 + 77 mm for the EBT and 55 + 15 mm for the PSBT. This was the general trend for all fish

species caught and snow crab.

The PSBT and EBT were completely different sampling tools in ¢éthesr design and use,

and differences between the two were also clearly evident in the stabstation

comparisons of catch (Appendix A). Obvious contrasting characteristics of the PSBT and EBT
were mesh size, areswept, tow speed, and vertical eping. The finer mesh and harder
bottom-tending characteristics of the PSBT retained juvenile fishes and other smaller

macroinvertebrates and it was also more efficient catching benthic infauna that were just
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below the surface. The EBT had a larger netnamg with greater tow duration at a higher
speed that covered a potentially wider range of benthic habitats during a single tow, and it was
more efficient at capturing larger and more mobile organisms, as well as organisms that were

further off bottom.

Endeavoring to design and conduct a more rigorous experiment with sufficient power for

making statistical comparisons between standardized catches of the PSBT and EBT is probably
not practical or feasible given the large differences between the two traatggm terms of the

area covered during a single tow, as well as the other inherent dissimilarities between the PSBT
and EBT. The dissimilarities between gears and the resulting catches underscore the high
variability in catching efficiency and selectiMitetween different kinds of bottom trawls. If

used separately, each gear would provide differing interpretations and conclusions about the
composition of the benthic community. However, if used as complementary sampling tools,

the PSBT and EBT providmare inclusive catalogue of the composition and size range of

epibenthic macrofauna present at each sampling station or within a survey area.
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Figure 1. Schematic diagram of the standard Alaska Fisheries Science Center 83-112 Eastern bottom trawl (EBT)
gear used for the gear comparison study during the 2012 Arctic EIS bottom trawl survey.
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Figure 2. Schematic diagram of the plumb staff beam trawl gear used for the 2012 Chukchi Sea gear comparison study.
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Figure 3. Map showing the location of stations sampled using the plumb staff beam trawl (black triangles) and

the 83-112 Eastern bottom trawl (blue squares) during the 2012 Arctic EIS bottom trawl survey.
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Appendix A

Stationby-station comparison of 39 paired Plumb Staff Be&@rawl (PSBT) and-832 Eastern

Trawl (EBT) tows made during the 2012 Arctic EIS Bottom Trawl Survey. For each successfully
completed pair of tows at a station, there is a single page with three tables and one figure with
multiple plots. The three tabk include: 1) differences in sample area and catch metrics, 2)

catch per unit effort (per hectare) for the top ten fish species, and 3) catch per unit effort (per
hectare) for the top twelve invertebrate taxa. Figures compare size compositions for tioe maj
species captured in number/hectare (ha). The size range on the abscissa varies between species
and stations, and the range of catch values on the ordinate can vary between the PSBT (blue)
and the EBT (red) within a species and statiod between specige and station.
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Table 1. Differences in sample area and catch metrics for the

83-112 Eastern Bottom Trawl and the Plum Staff Beam Trawl. 60
83-112 PSBT Difference 50
Area Sampled (ha) 1.867 0.040 98% §
Depth (m) 52 55 -6% '5 40
Bottom Temperature (°C) 1.6 1.1 31% r-]
Total Catch Weight (kg) 1660 17.63 99% E30
Number Fish Species 11 9 18% E' 20
Unique Fish Species 4 2 50% 9’
Number Invert Taxa 26 32 -23% = 10
Unique Invert Taxa 16 22 -38%
0
Table 2. Catch per unit effort (per hectare) comparison for station A-01
of the top ten fish species caught during the 2012 Arctic Eis Bottom
Trawl survey.
83-112 PSBT
Taxon Wt. (kg) Number Wt. (kg) Number 1
Arctic cod 2.28 185.90 0.50 24.75 _
Arctic staghorn sculpin 0.41 9.11 1.04 24.75 £
Bering flounder 0.17 5.36 - - :L:
Pacific herring - - - - =2
£
saffron cod - - - - 2
slender eelblenny 0.01 1.07 0.45 24.75 =
stout eelblenny - - 0.15 24.75 @
variegated snailfish 0.22 0.54 17.48 49.50 o
warty sculpin 0.77 11.79 1.88 49.50
yellowfin sole - - - - 0
Table 3. Catch per unit effort (per hectare) comparison for station
A-01 of the top twelve invertebrate taxa caught during the 2012
Arctic Eis Bottom Trawl survey.
30
83-112 PSBT
Taxon Wt. (kg) Number Wwit. (kg) Number _25
Asterias amurensis - - 14.79 - g
L = 20
Boltenia ovifera - - - - g
Chionoecetes opilio 2359 902.73 - - € 15
Gorgonocephalus sp. cf. é
arcticus - ) B : 10
Leptasterias polaris 19.67 83.04 - - §
Neptunea heros - - - - 5
Nucula tenuis - - - -
Nuculana pernula - - - - 0
Ophiura sarsi - - - -
Pagurus rathbuni - - - -
Pagurus trigonocheirus 36.29 526.10 - -
Strongylocentrotus 378.09 14,171.52 - 238.96

droebachiensis

T
O R N WA U N
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Table 1. Differences in sample area and catch metrics for the

83-112 (Number/Ha)

83-112 Eastern Bottom Trawl and the Plum Staff Beam Trawl. 40 4 Saffron Cod r 3.5 160 -+ Yellowfin Sole r8
83112  PSBT  Difference 35 1 F 3.0 _ 140 1 r7_
L— ] -— ]
Area Sampled (ha) 2.003 0.028 99% £ 30 A L os T £ 120 4 F 6 z
Depth (m) 15 16 -7% = 25 i~ 5
5 25 S 5100 L5 &
Bottom Temperature (°C) 9.9 9.7 2% -E Fr20g = £
Total Catch Weight (kg) 43758  0.852 98% E 20 A L s 2 E 80 4 43
Number Fish Species 12 6 50% =15 A R ‘E' 60 4 L 3~
Unigque Fish Species 8 2 75% @ 109 @ =}
2 10 A m B 40 A b2
Number Invert Taxa 18 8 56% 05 & e 2
Unique Invert Taxa 14 4 71% 51 | I ” | I I ” : 20 A ” I I "I F1
0 ettt 0.0 0 Hrrrrer DRI RRR R EIRRAE IRE L L))},
40 65 20 115 140 165 190 215 240 45 75 105 135 165 195 225 255 285
Table 2. Catch per unit effort (per hectare) comparison for station A-02 Length (mm) Length (mm)
of the top ten fish species caught during the 2012 Arctic Eis Bottom
Trawl survey.
83-112 PSBT
Taxon Wt (kg) Number  Wt.(kg)  Number 40 1 Arctic Staghorn Sculpin r o6 19 Warty Sculpin r o6
Arctic cod 0.02 1.50 - - 35 1 Los = L o5
Arctic staghorn sculpin 0.14 2.99 0.07 71.46 = 30 z =
Bering flounder - - - - E‘ 55 | F 0.4 E 3 L 0.4
Pacific herring 0.54 6.49 - - -g E -E
saffron cod 056  22.46 0.07 107.19 3 20 1 o33 3 ro3
slender eelblenny - - 4.43 1,679.36 = 15 L o2 o = L 02
stout eelblenny - - - - 290 N @
variegated snailfish - - - B e L 01 & e L 01
warty sculpin - - - - >
yellowfin sole 4.38 61.90 1.86 142.92 0 T T T T T 7 T r T T r T T r rr r r T rr rr o 0 0 T T T T T T T T T o]
40 55 70 8 100 115 130 145 160 175 190 140 150 160 170 180 190
Length (mm) Length (mm)
Table 3. Catch per unit effort (per hectare) comparison for station
A-02 of the top twelve invertebrate taxa caught during the 2012
Arctic Eis Bottom Trawl survey.
83112 P 700 1 Slender Eelblenny rt 1 Snow crab r 2.5
Taxon Wt. (kg) Number Wit. (kg) Number 600 A —_ 20 %
— L] _— r . -]
Asterias amurensis 665 10832 14.79 214.39 5"1 500 z £ z
= ~
Boltenia ovifera - - - - o 2 5 L 15 3
Chionoecetes opilio 047 1298 - - £ 400 1 E e E
Gorgonocephalus sp. cf. ~ R R - 2 300 A = é L 10 =
arcticus ) ) 5 500 E 5 E‘
Leptasterias polaris 0.50 2.99 - - Qo h @ L o5 oh
Neptunea heros 0.25 2.00 - - 100 = I I I I I I = ®
Nucula tenuis - - - -
Nuculana pernufo ) ) ) ) 0 A — 0 -
Ophiura sarsi ) ) ) B 80 95 110 125 140 34 36 38 40 42 44 46 48 50 52 54 56 58
Pagurus rathbuni - - - - Length (mm) Length (mm)
Pagurus trigonocheirus - - - -
Strongylocentrotus 0.01 0.50 - - Standardized size frequency plots comparing major taxa captured by the Plumb Staff Beam Trawl (PSBT; blue) and the 83-112 Eastern

droebachiensis Trawl (red) at station A-02.
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