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Sampling fish with a beach seine at Cooper Island, Alaska, August 2006. Cooper Island is

part of the Plover Islands group, a series of barrier islands that separates the western Beaufort

Sea from Elson Lagoon, and is located about 30 km east of Point Barrow.
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ABSTRACT

Information on fishes in coastal waters of the Alaskan Arctic is outdated or nonexistent,
especially in areas targeted for oil exploration and increased transportation activities. To address
this information gap, we sampled fish in nearshore waters of Cooper Island, a barrier island in the
western Beaufort Sea, in August 2004, 2005, 2006, 2007, and 2009, and in September 2009. Fish
were captured with a beach seine and bottom trawl (5 and 8 m depths) on the Beaufort Sea side of
the island and with a beach seine on the Elson Lagoon side of the island to identify fish
distribution, species composition, and habitat use. A total of 2,807 fish representing 16 species
were captured in all sampling periods and with both gear types: 1,567 fish representing 14
species were captured in 24 seine hauls, and 1,240 fish representing 9 species were captured in
16 trawl tows. Of the total fish captured by seine from 2004 to 2006, 95% were from the
Beaufort Sea (n =9 hauls) and 4% were from Elson Lagoon (n = 9 hauls). The most abundant
fish captured by seine were capelin (Mallotus villosus), Arctic cod (Boreogadus saida), juvenile
prickleback (Stichaeidae), and juvenile sculpin (Cottidae) in the Beaufort Sea, and least cisco
(Coregonus sardinella) and juvenile sculpin in Elson Lagoon. Trawl catch was similar by depth;
the most abundant species were Arctic cod and slender eelblenny (Lumpenus fabricii). Of the
total fish captured by trawl, 87% were caught in September 2009. Most fish captured were
juveniles based on estimated size at first maturity and length frequency distributions. Total catch
in the Beaufort Sea was lowest in August 2006; water temperatures were 4-8° C colder in 2006
than in any other year of the study. Species occupying coastal waters of the Beaufort Sea have
remained relatively unchanged during the last 25 years; Arctic cod remain a dominant species,
whereas capelin appear to be more widespread and abundant. Continued warming conditions in

the Arctic Ocean will likely result in a reorganization of nearshore community structure—new fish
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species are expected to migrate to the Arctic with unknown consequences to existing stocks and

food webs.
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INTRODUCTION

The Arctic is one of the most rapidly changing ecosystems in the world, yet a large void exists
in information on essential fish habitats and what species and life stages use these habitats. Rapid
change in polar ecosystems is well documented: the Arctic Ocean Basin has experienced
significant warming in recent decades with pronounced decreases in the extent and seasonal
duration of sea ice (Moline et al. 2008). The minimum extent of Arctic sea ice in 2009 was the
third lowest since the start of satellite measurements in 1979 (National Snow and Ice Data Center
2009). Loss of sea ice from global warming threatens marine life and habitat (e.g., increased
coastal erosion) and has the potential to open up formerly inaccessible areas to oil and gas
exploration, vessel traffic, mining, and commercial fishing. Increased human activity translates
into increased risk to fish and habitat from development and oil spills. Given the new and increased
risk to the Arctic, some researchers believe the United States is not prepared to prevent and recover
from oil spills in this ecologically fragile area (Torrice 2009). Prior to major development or
transportation activities in the Arctic, information is needed on fish distribution, species
composition, habitat use, life history characteristics, food webs, and species at risk to make
informed management decisions regarding potential effects from human disturbance.

Information on nearshore (shoreline to 8 m depth) fishes in Arctic waters of Alaska is
outdated or nonexistent. Information that is available is mostly from studies in the 1970s and 1980s
in the eastern Beaufort Sea, prompted by the discovery of oil and gas in Prudhoe Bay in 1968-69
(Craig and Haldorson 1981, Craig et al. 1982, Haldorson and Craig 1984, Craig et al. 1985,
Moulton and Tarbox 1987, Cannon et al. 1991). In the western Beaufort Sea near Barrow, Alaska,
published information on nearshore fish fauna, distribution, and habitat use is scarce, especially for

barrier islands with lagoons and adjacent coastal waters. Nearshore waters, particularly lagoons,



are important feeding areas for anadromous and marine fishes during the short Arctic summers
(Craig 1984). A species list of known fishes occupying brackish nearshore and marine offshore
coastal waters of the Beaufort Sea is provided in Craig (1984).

The importance of nearshore habitats to fishes is well known in most of Alaska (Johnson et al.
2005, Thedinga et al. 2008); exceptions are in the western Beaufort Sea and Chukchi Sea. Many
Arctic fish species use nearshore habitats at some time in their life (Craig 1984), but estimates of
their abundance and habitat use are poorly documented. In addition, many Arctic nearshore species
such as capelin (Mallotus villosus) and rainbow smelt (Osmerus mordax) are important in the diet
of higher-level predators and in Inupiat subsistence fisheries (George et al. 2009). Presently,
commercial fishing in the Arctic is prohibited until sufficient information is available to support
sustainable fisheries (North Pacific Fishery Management Council 2009). Warming conditions in
the Arctic will likely result in a reorganization of community structure; new fish species are
expected to migrate to the Arctic with unknown consequences to existing stocks and food webs
(Gradinger 1995, Moline et al. 2008).

To gather distribution, species composition, and habitat use information necessary to identify
important habitats, we sampled fish in nearshore waters of Cooper Island in the western Beaufort
Sea from 2004 to 2009. Cooper Island is one of several barrier islands that separate the Beaufort
Sea from Elson Lagoon. Cooper Island was identified as a possible source of gravel to replenish
the rapidly eroding beach near Barrow; this led to the selection of Cooper Island as a study site
from 2004 to 2006. We continued studies at Cooper Island opportunistically from 2007 to 2009 as
part of a larger study in the western Beaufort and Chukchi seas. Our objective was to inventory and
compare the nearshore fish fauna on the Beaufort Sea side and Elson Lagoon side of Cooper

Island. Because nearshore habitats in the Arctic are changing from coastal erosion (Lynch and



Brunner 2007), and development activities are likely in the future, information is needed to identify

and conserve habitats important to forage and subsistence species.

STUDY AREA

Cooper Island is part of the Plover Islands group, a series of barrier islands that separates the
western Beaufort Sea from Elson Lagoon (Fig. 1). Cooper Island is located about 30 km east of
Point Barrow and is approximately 10 km long and 0.7 km wide at its widest point. We sampled
fish with a beach seine at three sites about 2 km apart on the Beaufort Sea side and Elson Lagoon
side of Cooper Island for a total of six seine sites (Fig. 1); all seine sites were low gradient beaches
of sand and gravel. Offshore of the three Beaufort Sea seine sites, we also sampled fish with a
bottom (otter) trawl at depths of 5 and 8 m for a total of six tows (Fig. 1); all tows were over
mostly mud substrate. The Beaufort Sea seine sites were sampled in mid-August 2004, 2005, 2006,
and 2007, and in mid-September 2009. The Elson Lagoon seine sites were sampled in mid-August
2004, 2005, and 2006. The Beaufort Sea trawl sites were sampled in mid-August 2007, and in mid-
August and September 2009. Each seine and trawl site was sampled once per site visit; not all trawl
sites could be sampled in August 2009 because of inclement weather. Inclement weather also
prevented sampling any sites in 2008. All sampling was during daylight and without regard to tide;
tidal range in the Arctic is generally < 0.5 m.

In the Beaufort Sea, the presence of floating ice, water temperature, and salinity can fluctuate
widely in summer depending on prevailing winds, ocean currents, and freshwater runoff. A
characteristic of the Beaufort Sea in summer is the presence of a warm, brackish water band
(5-10° C, 10-25 practical salinity scale (PSS)) that extends the length of the shoreline and can be

drastically different from adjacent offshore marine waters (—1° to 3° C, 27-32 PSS) (Craig 1984). A



good description of the summer oceanographic characteristics of an Arctic lagoon is provided in
Craig et al. (1985).

Sea ice was abundant near Cooper Island in August 2006; ice was stranded ashore, and
numerous bergs were visible floating offshore. The presence of sea ice in 2006 did not interfere
with beach seining. In all other sampling periods, sea ice was absent or restricted to an occasional

berg floating offshore.

MATERIALS AND METHODS

Fish Capture

At beach seine sites (< 5 m deep, < 20 m from shore), fish were captured with a 37-m long
variable mesh beach seine that tapers from 5 m deep at the center to 1 m deep at the ends. Outer
panels are each 10 m of 32-mm stretch mesh, intermediate panels are each 4 m of 6-mm square
mesh, and the bunt is 9 m of 3.2-mm square mesh. We set the seine as a “round haul” by holding
one end on the beach, backing around in a skiff with the other end to the beach about 18 m from
the start, and pulling the seine onto shore. The seine has a leadline and a floatline so that the
bottom contacts the substrate and the top floats on the surface. Net characteristics and methods of
setting the seine are the same that we have used throughout Alaska since 1998 (NMFS 2010).

Offshore of each Beaufort Sea seine site, fish were captured with a bottom trawl at two
depths: 5 m (about 1.0 km offshore) and 8 m (about 2.5 km offshore). The mouth of the trawl is
2.6 m wide and 1.2 m deep and is attached to a 6.3 m long bridle of 1.3 cm braided line. The
trawl has two weighted doors (33 cm by 61 cm) and is 5.2 m in total length; inside the outer skirt
of 29-mm stretch mesh is a 1.7 m long codend of 3.2-mm stretch mesh. The trawl was towed

from a skiff at about 2.5 knots. Scope of the tow line (1.6 cm polyproprolyene) was 15 and 24 m



for the 5 and 8 m tows, respectively. Tows were parallel to shore in opposite direction at each
offshore station (Fig. 1); duration of each tow was 5 minutes. We did not sample Elson Lagoon
with a trawl because of very shallow water (< 4 m deep) throughout much of the lagoon.

After retrieval of either net, the entire catch was sorted, identified to species, counted, and a
subsample (up to 50 fish) of most taxons was measured either to the nearest millimeter fork
length (FL) or, in species without a distinct fork in caudal fin, to total length (TL). Fish were
anesthetized in a mixture of 1 part carbonated water to 2 parts seawater for identification and
measurement. Smaller individuals (< 40 mm length) that could not be identified to species in the
field were identified to family (e.g., Cottidae). Length frequency distributions and age-length
data from other Arctic studies were used to estimate ages of Arctic cod (Boreogadus saida) and
capelin; Arctic cod less than 60 mm FL and capelin less than 82 mm FL were assumed to be

young-of-the-year (YOY) (Welch et al. 1993, Jarvela and Thorsteinson 1999).

Temperature and Salinity

Surface water temperature and salinity (PSS) were measured at all seine and trawl sites each
site visit. Temperature and salinity were measured at about 20-cm depth with a thermometer and

hand-held refractometer, respectively.

Data Analysis

Catch data is expressed in absolute numbers (total catch) and as catch-per-unit-effort
(CPUE): number of fish per seine haul or trawl tow. Percent frequency of occurrence (FO) was
also determined for some of the most abundant species; FO represents the number of seine hauls

in which a species was captured divided by the total number of seine hauls multiplied by 100.



Species richness refers to the total number of fish species captured. Individuals identified only to
family (e.g., juvenile Cottidae) were counted in the total catch, but they were only considered as
a separate species for species richness calculations if no other species from the same family were
captured.

We used a one-way ANOVA to examine for differences in seine catch (CPUE, all species)
and species richness among years in the Beaufort Sea and Elson Lagoon; we limited our analysis
to the same years (2004-2006) that both areas were sampled. If a significant difference was
found in CPUE or species richness among years, Holm-Sidak pairwise multiple comparisons
were used to isolate groups that differed from each other (SigmaStat 1997). To examine for
differences in seine catch and species richness between the Beaufort Sea and Elson Lagoon, we
used t-tests; data were pooled (2004-2006) within a location if ANOVA results were not
significant. We used the Mann-Whitney Rank Sum test (SigmaStat 1997) to examine for
differences in trawl catch (CPUE, all species) by depth (all sampling periods combined), and
length of some of the most abundant species by gear type (all sampling periods combined). Seine
catch data was transformed to logarithms (In (X + 1)) prior to analysis. Significance for all tests

was set at P < 0.05.

RESULTS

The fish fauna of Cooper Island is characterized by a diverse assemblage of marine,
anadromous, and forage fish species. A total of 2,807 fish representing 16 species were captured
in all sampling periods and with both gear types: 1,567 fish representing 14 species were
captured in 24 seine hauls (Table 1), and 1,240 fish representing 9 species were captured in 16

trawl tows (Table 2). Capelin accounted for 60% of the of total seine catch, whereas Arctic cod



accounted for 89% of the total trawl catch. Median CPUE (all species) was 12 fish (n = 24) for
seine catches (Table 1) and 28 fish (n = 16) for trawl catches (Table 2).

The most abundant species captured by seine were capelin (936 fish, FO = 53%) and Arctic
cod (356 fish, FO = 27%) in the Beaufort Sea, and least cisco (Coregonus sardinella) (38 fish,
FO =78%) in Elson Lagoon (Table 1). Seine catch (CPUE, all species) differed significantly
(P =0.003) among years (2004-2006) in the Beaufort Sea but not in Elson Lagoon; in the
Beaufort Sea, all pairwise comparisons among years differed significantly (P < 0.05) with the
greatest CPUE in 2004 and the least in 2006. Between locations (Beaufort Sea and Elson
Lagoon), seine catch (CPUE) was significantly (P < 0.001) greater in the Beaufort Sea in 2004,
similar in 2005, and significantly (P = 0.032) greater in Elson Lagoon in 2006. Seine catch was
highly variable, especially in the Beaufort Sea (Fig. 2); median CPUE ranged from 1 fish (2006)
to 173 fish (2004) in the Beaufort Sea, and from 2 fish (2005) to 7 fish (2004) in Elson Lagoon
(Table 1). Of the total fish captured by seine from 2004 to 2006, 95% were from the Beaufort
Sea (n =9 hauls) and 4% were from Elson Lagoon (n = 9 hauls).

Species richness (seine catch) did not differ significantly among years (2004-2006) in the
Beaufort Sea and Elson Lagoon, or between these two locations. Number of species captured per
seine haul ranged from 0 to 6 in the Beaufort Sea (0 fish were captured in 1 seine haul) and from
1 to 4 in Elson Lagoon. Among all sampling periods, total species richness in seine hauls ranged
from 1 (2006) to 7 (2004) in the Beaufort Sea and from 3 (2006) to 6 (2004) in Elson Lagoon
(Table 1).

Overall, the most abundant species captured by trawl were Arctic cod (1,104 fish, FO =
94%) and slender eelblenny (Lumpenus fabricii) (69 fish, FO = 56%) (Table 2). Arctic cod

accounted for 45% to 93% of the total catch by individual sampling period and depth strata



(Table 2). Trawl catch (all species) did not differ significantly by depth (Fig. 3); among all
sampling periods, median CPUE ranged from 2 to 181 fish (Table 2). Of the total fish captured
by trawl (1,240 fish), 87% were caught in September 2009. Among all sampling periods and
depths, species richness in trawl tows ranged from 1 (August 2007) to 8 (September 2009)
(Table 2).

Species composition varied by sampling site, gear type, and time of sampling. Species
captured only in the Beaufort Sea included Arctic cod, capelin, Pacific sand lance (Ammodytes
hexapterus), slender eclblenny, saffron cod (Eleginus gracilis), and rainbow smelt (Tables 1 and
2); Coregonids (e.g., least cisco) were captured only in Elson Lagoon. On the Beaufort Sea side
of Cooper Island, capelin catches were extremely variable and largely restricted to the shallow
nearshore (Fig. 4); only one capelin was captured offshore by trawl. Arctic cod were captured by
seine and trawl (Fig. 4). Regardless of gear type, saffron cod and rainbow smelt were captured in
low numbers and only in September 2009 (Tables 1 and 2).

Of the most abundant species captured, most were juveniles based on estimated size at first
maturity (Table 3). Exceptions were least cisco and rainbow smelt; all least cisco and 13% of
rainbow smelt were adults. Length distributions ranged from 25 to 147 mm FL for Arctic cod
and from 38 to 138 mm FL for capelin (Fig. 5). Arctic cod were significantly (P <0.001) larger
in trawl catches (mean FL = 79 mm) than in seine catches (mean FL = 34 mm). Most (97%)
Arctic cod captured by seine and measured were YOY (< 60 mm FL), whereas only 25% of
Arctic cod captured by trawl were YOY (Fig. 5). Almost all (99%) capelin captured by beach
seine and measured were YOY (< 82 mm FL) (Fig. 5). Saffron cod and slender eelblenny were

also significantly (P < 0.001) larger in trawl catches than in seine catches. Mean length of some



of the other species captured ranged from 56 mm FL for Pacific sand lance to 176 mm FL for
rainbow smelt (Table 3).

No clear pattern existed between fish catch and surface water temperature and salinity. In the
Beaufort Sea, mean water temperature (from seine and trawl sites) ranged from 8.5° C in August
2004 to 0.5 ° C in August 2006 (Fig. 6). Total seine catch (all species) was highest in August
2004 (warmest year) and lowest in August 2006 (coldest year); water temperature was also warm
(mean = 8.0° C), however, in August 2005, and few fish were captured by seine (Fig. 6). Total
trawl catch (all species) in the Beaufort Sea was over 10 times greater in September 2009 than in
August 2007 (same sampling effort) (Fig. 6); mean water temperature and salinity were similar
(about 5.0° C and 31 PSS) in both sampling periods. Surface salinities in the Beaufort Sea were
relatively stable and ranged from 29 to about 35 PSS in all sampling periods. Water temperature
was higher, and salinity was usually lower in Elson Lagoon than in the Beaufort Sea; mean water
temperature and salinity in Elson Lagoon was 9.0° C and 24 PSS in August 2004, 9.2° C and 35
PSS in August 2005, and 5.2° C and 10 PSS in August 2006. Ranges in water temperature and

salinity where some of the most abundant species were captured are listed in Table 4.

DISCUSSION

The similarity in fish fauna of Cooper Island to other nearshore areas of the Beaufort Sea
studied over 20 years ago (Craig and McCart 1976, Haldorson and Craig 1984, Craig et al. 1985,
Jarvela and Thorsteinson 1999) indicates that species use of coastal waters has remained
relatively unchanged. The dominant species in our catches were Arctic cod, capelin, juvenile
prickleback, juvenile sculpin, least cisco, and slender eelblenny—all of these species have been

reported as present or abundant in brackish-nearshore or marine-offshore waters of the Beaufort
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Sea (Craig and McCart 1976, Craig 1984). Craig (1984) lists capelin and slender eelblenny as
present but not abundant and widespread in the nearshore Beaufort Sea; from our catch and FO
data, however, we consider these two species to be abundant in the western Beaufort Sea. At
lagoon-barrier island environments in the eastern Beaufort Sea, Arctic cod, capelin, fourhorn
sculpin (Myoxocephalus quadricornis), Arctic cisco (Coregonus autumnalis), least cisco, and
Arctic char (Salvelinus alpinus) were the dominant species in summer (Griffiths et al. 1976,
Craig et al. 1985, Jarvela and Thorsteinson 1999). The gear types that we used may not have
been efficient in capturing some species. For example, in Simpson Lagoon and adjacent coastal
waters of the eastern Beaufort Sea, gillnets and fyke nets were much more efficient than beach
seines in capturing Arctic cisco and fourhorn sculpin (Craig et al. 1985). A few species that we
captured (longhead dab Limanda proboscidea and veteran poacher Podothecus veternus), albeit
in low numbers, were not reported as part of the fish fauna of the Beaufort Sea by Craig (1984).
The summer spatial distribution and species composition of fish at Cooper Island differed
from a lagoon-barrier island environment in the eastern Beaufort Sea. For example, total catch
(all species) was usually greater on the Beaufort Sea side of Cooper Island than on the Elson
Lagoon side (except in 2006), whereas in the eastern Beaufort Sea near Prudhoe Bay, catch was
greater on lagoon-side beaches of a barrier island than on the Beaufort Sea side (Craig et al.
1985). Common species captured on the lagoon-side of barrier island beaches near Prudhoe Bay
were Arctic char and Arctic cisco (Craig et al. 1985). The proximity of Prudhoe Bay to the
Mackenzie River in Canada, a major spawning drainage and source of Arctic cisco in Alaska
(Schmidt et al. 1991, Bond and Erickson 1997, George et al. 2009), likely accounts for the high
abundance of this species near Prudhoe Bay. Similarly, the proximity of Cooper Island to major

spawning drainages of least cisco (Colville River and drainages to the west towards Barrow,
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Craig and Haldorson 1981), likely accounts for the high abundance of this species in Elson
Lagoon. In addition, we captured no juvenile Arctic cod in Elson Lagoon, whereas Arctic cod
was one of the most abundant species captured in Simpson Lagoon near Prudhoe Bay in mid-
August 1978 (Craig et al. 1985). Our limited sampling in Elson Lagoon (i.e., beach seine only)
may partially explain the absence of Arctic cod in our catches. In addition, fish numbers and
relative abundance in lagoon-barrier island ecosystems can fluctuate dramatically from year to
year and can affect catch and species composition (Craig et al. 1985).

Our catch of Arctic cod was restricted to the Beaufort Sea side of Cooper Island and may
have a seasonal component; trawl catch was much greater in September 2009 (1,003 fish) than in
August 2007 (45 fish) and 2009 (56 fish). The migration of Arctic cod from offshore waters to
coastal areas in late summer and early fall has been reported in other Arctic regions (Craig and
Haldorson 1981, Craig et al. 1982). Moulton and Tarbox (1987), however, reported a net
offshore movement of Arctic cod to deeper waters between July (mean depth of capture = 2.7 m)
and August (5.8 m) in a 1979 Beaufort Sea study. Although our sample size was limited in
September 2009, more Arctic cod were captured at 8 m depth (592 fish) than at 5 m depth (411),
supporting the observed preference of Arctic cod for deeper waters in late summer and early fall.
Rainbow smelt and saffron cod showed a seasonal presence and were captured only in
September. Rainbow smelt are not abundant in Arctic nearshore waters in summer but do
migrate to nearshore areas in the fall and winter and become one of the dominant species
(Haldorson and Craig 1984, George et al. 2009).

The size distribution of Arctic cod near Cooper Island is similar to other areas in the

Beaufort Sea. Arctic cod that we captured ranged from 25 to 147 mm FL compared to 12 to
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172 mm FL and 20 to 193 mm TL in the eastern Beaufort Sea (Bendock 1979, Jarvela and
Thorsteinson 1999). Seine catch of YOY Arctic cod at Cooper Island was mostly restricted to
August 2004; warm water temperatures in 2004 (highest of the study) may have favored survival
and recruitment to the nearshore. The relatively large size (mean FL = 32 mm) of YOY Arctic
cod at Cooper Island in mid-August 2004 may be indicative of favorable ocean conditions. In an
earlier Beaufort Sea study, Bendock (1979) reported a mean size of 24 mm TL for YOY Arctic
cod in August. Jarvela and Thorsteinson (1999) captured YOY Arctic cod larger than 30 mm FL
in early August 1990 in the eastern Beaufort Sea; the authors described this as exceptional
growth, possibly the result of an early hatch and abundant food resources. Arctic cod that we
captured by trawl included fish as old as age-3 based on age-length relationships reported in
other Beaufort Sea studies (Craig et al. 1982, Lowry and Frost 1981).

The consistent capture of YOY capelin by beach seine identifies the shallow nearshore as
important summer habitat. Their use of the nearshore can last for several weeks; we captured
YOY capelin in August and September. Adult capelin likely use the nearshore only during short
periods while spawning. Based on mean size at age (about 65 mm at 90 days; Leggett and Frank
1990), our catches of capelin were probably from a late May or early June spawning. Multiple
spawning events likely occur in summer; mass spawning was observed on beaches near Barrow
in July 1993 and 2003 (George et al. 2009). Jarvela and Thorsteinson (1999) are one of the few
other studies that describe capelin as abundant in coastal areas of the Beaufort Sea; they captured
mostly YOY capelin in the eastern Beaufort Sea by purse seine and surface tows from 1988 to
1991. In several other studies in the Beaufort Sea, only minor catches of capelin were reported
(Craig and Haldorson 1981, Craig et al. 1985, Moulton and Tarbox 1987). Use of the shallow

nearshore by capelin for spawning and rearing highlights the importance of protecting this
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habitat from disturbance (e.g., oil spill). In addition, capelin are an important prey species for
other fishes, marine mammals, and seabirds (Watts and Draper 1986, Bogstad and Gjés&ter
2001, Cherel et al. 2001).

Extreme environmental conditions can influence fish distribution and abundance. For
example, we captured very few fish and no Arctic cod or capelin in August 2006; water
temperatures were about 4° C to 8° C colder in 2006 (mean = 0.5° C) than in any other sampling
period. Cannon et al. (1991) reported peak frequencies of occurrence of juvenile Arctic cod near
Prudhoe Bay at water temperature between 4° C and 10° C. Similarly, Jarvela and Thorsteinson
(1999) reported juvenile Arctic cod as more abundant and larger in 1990 when sea ice was absent
and water temperatures were warmer (mean = 3.5° C) than in 1988 or 1991 when heavy pack ice
was present and water temperatures were cooler (mean = 3.2° C and 2.5° C). Young-of-the-year
capelin also show a preference for water temperatures greater than 1° C to 3° C (Jarvela and
Thorsteinson 1999).

Nearshore studies are a necessary component to any work in the Arctic Ocean. Different
species and life stages of fish can use the nearshore at different times of the short Arctic summer.
For example, marine species tend to increase in nearshore waters as the open-water season
progresses and salinities increase (Craig 1984). In addition, species composition can differ
greatly between shallow, nearshore waters (< 10 m deep) and deeper, offshore waters. Some of
the species that we captured in nearshore waters (e.g., capelin, least cisco, rainbow smelt, saffron
cod) were absent or captured in very low numbers in bottom trawl surveys in deeper waters
(> 30 m) in the vicinity of Cooper Island (NMFS 2008).

Our study provides only a snapshot of the nearshore icthyofauna present around one barrier

island in the western Beaufort Sea. Studies should be expanded to other areas in the western
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Beaufort and Chukchi seas, and include not only barrier island beaches but mainland beaches
and the center of lagoons. The spatially explicit data from this study (only beach seine data to
date) have been added to an online database for reference by resource managers and the public
(NMFS 2010). The database is dynamic, includes other areas in Alaska, and will be updated
regularly as new information becomes available. Resource managers can now access the
database to identify species and habitats that may be affected by shoreline disturbance. With
increased oil and gas exploration, vessel traffic, and other commercial ventures likely in the
future, research in the Arctic Ocean should be accelerated to understand and protect this fragile

ecosystem.
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Table 1.--Catch of fish by year at Cooper Island in the western Beaufort Sea, Alaska, 2004-2007 and 2009. Fish were captured
with a beach seine on the Beaufort Sea side (three sites) and Elson Lagoon side (three sites) of Cooper Island (see

Fig. 1). Fish were captured in mid-August of all years except 2009 (mid-September). CPUE = catch per seine haul.

Total Beaufort Sea Elson Lagoon
Common name Scientific name catch 2004 2005 2006 2007 2009 2004 2005 2006
Capelin Mallotus villosus 936 797 2 0 33 104 0 0 0
Arctic cod Boreogadus saida 356 354 2 0 0 0 0 0 0
Juvenile prickleback Stichaeidae 48 0 0 0 0 48 0 0 0
Juvenile sculpin Cottidae 42 5 23 0 0 4 10 0 0
Least cisco Coregonus sardinella 38 0 0 0 0 0 14 14 10
Unidentified larvae Division Teleostei 34 7 0 2 20 0 5 0 0
Pacific sand lance Ammodytes hexapterus 29 9 16 1 1 2 0 0 0
Slender eelblenny Lumpenus fabricii 26 0 0 0 0 26 0 0 0
Saffron cod Eleginus gracilis 24 0 0 0 0 24 0 0 0
Juvenile cod Gadidae 7 0 5 0 0 0 0 0 2
Unidentified cisco* Coregonus species 5 0 0 0 0 0 1 2 2
Juvenile poacher Agonidae 4 3 0 0 0 0 1 0 0
Ninespine stickleback  Pungitius pungitius 4 0 0 0 0 2 1 1 0
Arctic sculpin Myoxocephalus scorpioides 3 0 1 0 0 0 1 1 0
Fourhorn sculpin Myoxocephalus quadricornis 3 0 2 0 1 0 0 0 0
Longhead dab Limanda proboscidea 3 0 3 0 0 0 0 0 0
Veteran poacher Podothecus veternus 2 2 0 0 0 0 0 0 0
Juvenile snailfish Liparidae 1 1 0 0 0 0 0 0 0
Kelp snailfish Liparis tunicatus 1 1 0 0 0 0 0 0 0
Yellowfin sole Limanda aspera 1 1 0 0 0 0 0 0 0
Total catch 1,567 1,180 54 3 55 210 33 18 14
Number of species 14 7 6 1 3 6 6 4 3
Number of seine hauls 24 3 3 3 3 3 3 3 3
Median CPUE 12 173 23 1 20 68 7 2 4

* Most likely Bering cisco (C. laurettae); George et al. 2009

61



Table 2.--Catch of fish by year and depth (5 and 8 m) at Cooper Island in the western Beaufort Sea, Alaska, 2007 and 2009.
Fish were captured with a bottom trawl] at three sites on the Beaufort Sea side of Cooper Island (see Fig. 1).

Sampling was in mid-August and mid-September. CPUE = catch per 5 minute tow.

Total  Aug. (2007) Aug. (2009) Sept. (2009)

Common name Scientific name catch Sm  8m Sm 8m Sm  8m
Arctic cod Boreogadus saida 1,104 31 14 39 17 411 592
Slender eelblenny Lumpenus fabricii 69 0 0 11 18 5 35
Unidentified fish larvae Division Teleostei 25 25 0 0 0 0 0
Saffron cod Eleginus gracilis 11 0 0 0 0 8 3
Rainbow smelt Osmerus mordax 8 0 0 0 0 6 2
Juvenile sculpin Cottidae 6 0 0 0 0 4 2
Juvenile prickleback Stichaeidae 5 0 5 0 0 0 0
Fourhorn sculpin Myoxocephalus quadricornis 4 0 0 0 1 1 2
Longhead dab Limanda proboscidea 4 0 0 0 0 4 0
Juvenile snailfish Liparidae 2 0 0 0 1 1 0
Arctic staghorn sculpin ~ Gymnocanthus tricuspis 1 0 0 0 1 0 0
Capelin Mallotus villosus 1 0 0 0 0 1 0
Total catch 1,240 56 19 50 38 441 636

Number of species 9 1 2 2 5 8 5
Number of tows 16 3 3 2 2 3 3
Median CPUE 28 2 6 25 19 143 181

0¢
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Table 3.--Total catch, number measured (n), mean length (fork length or total length (mm)
depending on species) and range, and proportion of each species estimated to be
mature. Only the more abundant species captured with a beach seine and bottom trawl
near Cooper Island, Alaska, from 2004 to 2007, and 2009 are listed. Least cisco was

captured only in Elson Lagoon; see Figure 1 for sample locations.

Total Length Percent
Beach seine catch n Mean Range mature”
Capelin 936 143 58.6 38-138 0
Arctic cod 356 68 33.7 25-83 0
Least cisco 38 38 288.3 229-341 100
Pacific sand lance 29 27 559 39-74 0
Slender eelblenny 26 24 43.2 35-56 0
Saffron cod 24 23 30.3 22-42 0
Bottom trawl
Arctic cod 1,104 463 78.8 29-147 0
Slender eelblenny 69 66 75.2 44-104 0
Saffron cod 11 11 47.7 34-78 0
Rainbow smelt 8 8 176.4 110-280 13

"Based on estimated size at first maturity from FishBase (www.fishbase.org/).
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Table 4.--Range in surface water temperature and salinity (practical salinity scale, PSS) where
select nearshore fishes were captured with a beach seine or bottom trawl in nearshore

waters of Cooper Island in the western Beaufort Sea, Alaska, 2004-2007 and 2009.

Taxon Temperature (° C) Salinity (PSS)
Arctic cod 4.0-8.5 29-35
Capelin 4.0-8.5 29-35
Juvenile prickleback 4.0-5.0 30
Juvenile sculpin 4.0-9.0 24-35
Least cisco 5.0-9.0 10-35
Pacific sand lance 0.5-8.5 29-35
Rainbow smelt 4.0-5.0 30
Saffron cod 4.0-5.0 30

Slender eelblenny 4.0-5.0 30-32
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Figure 1.-- Nearshore fish sampling sites at Cooper Island, a barrier island in the western
Beaufort Sea, Alaska. Fish were sampled with a beach seine (< 5 m deep) and
bottom (otter) trawl at two depths (5 and 8 m) in mid-August 2004, 2005, 2006,
2007, 2009, and in mid-September 2009. Trawl tows were parallel to shore in

opposite directions on the Beaufort Sea side of Cooper Island.
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Figure 2.--Box-and-whisker plots of the loge transformed catch of fish (all species) per beach seine
haul (CPUE) on the Beaufort Sea side and Elson Lagoon side of Cooper Island in the
western Beaufort Sea, Alaska, 2004-2006. Bottoms of boxes are the first quartile, and
tops of boxes are the third quartile value. Whiskers are the first quartile minus 1.5 times
the interquartile range and the third quartile plus 1.5 times the interquartile range.

Horizontal line within boxes is the median, and sample size is in parentheses.
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Figure 3.--Box-and-whisker plots of the loge transformed catch of fish (all species) per bottom
trawl tow (CPUE) by depth on the Beaufort Sea side of Cooper Island in the western
Beaufort Sea, Alaska, August 2007, and August and September 2009. Bottoms of
boxes are the first quartile, and tops of boxes are the third quartile value. Whiskers are
the first quartile minus 1.5 times the interquartile range and the third quartile plus 1.5
times the interquartile range. Horizontal line within boxes is the median, and sample

size is in parentheses. NS = not significant.
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Figure 4.--Fish captured with a beach seine and bottom trawl on the Beaufort Sea side of Cooper
Island in the western Beaufort Sea, Alaska. Fish were captured with a seine in mid-
August 2004, 2005, 2006, and 2007, and in mid-September 2009, and with a trawl in
mid-August 2007 and 2009, and in mid-September 2009. Seines were in shallow

water (< 5 m deep), whereas trawls were at 5 and 8 m depths (1.0 to 2.5 km offshore).
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Figure 5.--Length frequency distribution of Arctic cod captured with a beach seine and bottom
trawl, and capelin with a beach seine on the Beaufort Sea side of Cooper Island,
Alaska, 2004-2007 and 2009. Fish were captured in mid-August of all years except
2009 (mid-September). Seines were in shallow water (< 5 m deep), whereas trawls

were at 5 and 8 m depths (1.0 to 2.5 km offshore). Sample size in parentheses.
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Figure 6.--Total fish catch (all species) and surface water temperature by sampling period on the
Beaufort Sea side of Cooper Island, Alaska. Fish were captured with a beach seine in
mid-August 2004, 2005, 2006, 2007, and in mid-September 2009, and with a bottom
trawl in mid-August 2007 and 2009, and in mid-September 2009. Sampling effort
with the seine was the same (n = 3 hauls) in all sampling periods; effort with the trawl

was six tows in August 2007 and September 2009, and four tows in August 2009.



RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the

National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22167
(web site: www.ntis.gov). Paper and electronic (.pdf) copies vary in price.

AFSC

209

208

207

206

205

204

203

202

201

200

199

198

197

196

195

194

RONE, B. K., A. B. DOUGLAS, A. N. ZERBINI, L. MORSE, A. MARTINEZ, P. J. CLAPHAM, and J.
CALAMBOKIDIS. 2010. Results from the April 2009 Gulf of Alaska line transect survey (GOALS) in the
Navy training exercise area, 39 p. NTIS number pending.

VON SZALAY, P. G., N. W. RARING, F. R. SHAW, M. E. WILKINS, and M. H. MARTIN. 2010. Data
Report: 2009 Gulf of Alaska bottom trawl survey, 245 p. NTIS number pending.

PUNT, A. E., and P. R. WADE. 2010. Population status of the eastern North Pacific stock of gray
whales in 2009, 43 p. NTIS number pending.

ALLEN, B. M., and R. P. ANGLISS. 2010. Alaska marine mammal stock assessments, 2009, 276 p.
NTIS No. PB2010-107408.

CAHALAN, J., J. MONDRAGON, and J. GASPER. 2010. Catch sampling and estimation in the
Federal groundfish fisheries off Alaska, 42 p. NTIS No. PB2010-105918.

LAUTH, R. R. 2010. Results of the 2009 eastern Bering Sea continental shelf bottom trawl survey of
groundfish and invertebrate resources, 228 p. NTIS No. PB2010-113178.

LAAKE, J., A. PUNT, R. HOBBS, M. FERGUSON, D. RUGH, and J. BREIWICK. 2009. Re-analysis of
gray whale southbound migration surveys 1967-2006, 55 p. NTIS No. PB2010-103939.

FOWLER, C. W., and L. HOBBS. 2009. Are we asking the right questions in science and
management?, 59 p. NTIS No. PB2010-105917.

CHILTON, E. A,, C. E. ARMISTEAD, and R. J. FOY. 2009. The 2009 eastern Bering Sea continental
shelf bottom trawl survey: Results for commercial crab species, 101 p. NTIS No. PB2010-103938.

BOVENG, P. L., J. L. BENGTSON, T. W. BUCKLEY, M. F. CAMERON, S. P. DAHLE, B. P. KELLY,
B. A. MEGREY, J. E. OVERLAND, and N. J. WILLIAMSON. 2009. Status review of the spotted seal
(Phoca largha), 153 p. NTIS No. PB2010-101436.

CONNERS, M. E., J. CAHALAN, S. GAICHAS, W. A. KARP, T. LOOMIS, and J. WATSON. 2009.
Sampling for estimation of catch composition in Bering Sea trawl fisheries, 77 p. NTIS No. PB2010
100895.

BARBEAUX, S. J., and D. FRASER. 2009. Aleutian Islands cooperative acoustic survey study for
2006, 90 p. NTIS No. PB2010-100894.

HOFF, G. R., and L. L. BRITT. 2009. Results of the 2008 eastern Bering Sea upper continental slope
survey of groundfish and invertebrate resources, 294 p. NTIS No. PB2010-100893.

BUCKLEY, T. W., A. GREIG, and J. L. BOLDT. 2009. Describing summer pelagic habitat over the
continental shelf in the eastern Bering Sea, 1982-2006, 49 p. NTIS No. PB2009-115399.

LAUTH, R. R., and E. ACUNA. 2009. Results of the 2008 eastern Bering Sea continental shelf bottom
trawl survey of groundfish and invertebrate resources, 219 p. NTIS No. PB2009-113760.

HONKALEHTO, T., D. JONES, A. MCCARTHY, D. MCKELVEY, M.GUTTORMSEN,

K. WILLIAMS, and N. WILLIAMSON. 2009. Results of the echo integration-trawl survey of walleye
pollock (Theragra chalcogramma) on the U.S. and Russian Bering Sea shelf in June and July 2008,
56 p. NTIS No. PB2009-110982.



	TMBACK.pdf
	Page 1

	johnson210.pdf
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




