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1. INTRODUCTION

As part of the U.S. governments continuing desire to develop

economically important natural energy reserves, the Department of the

Interior recently authorized a lease sale whioh will permit industry to

initiate petroleum exploration operations in the northeast Chukchi  Sea.

Scheduled to commence in February 1985, the “Barrow Arch No. 8sfl sale will

open approximately 28 million acres of continental shelf to private

development (Fig. l-l). The proposed lease area is tentatively defined as

north of 68.4oN latitude and south and west of a line that starts at a

point where 710N latitude intersects the coastline west of Barrow, then

moves west to 1620W longitude, then north; the western boundary is at

about 1690W longitude at the U.S.-U.S.S.R. 1867 Convention Line.

Offshore petroleum exploration and production operations pose a wide

array of potential hazards to the well-being of the marine environment.

The coastal waters of the Chukchi Sea are of particular environmental

interest because they are an important part of the ecosystem supporting

some of northern Alaskats  fish, bird and marine mammal populations.

Concern over maintaining the ecological integrity of the Chukchi system in

the face of impending commercial operations prompted the National

Oceanographic and Atmospheric Administration’s Outer Continental Shelf

Environmental Assessment Program (NOAA/OCSEAP)  to initiate a detailed

investigation of regional resources.

In the fall of 1982 LGL Ecological Research Associates. Inc. (LGL)

was awarded a contract to conduct a single year study of the fishes of the

northeast Chukchi Sea. LGLfs investigation focused primarily on arctic

fish usage of and ecological dependence on ❑ arine and estuarine

environments. The study consisted of ship- and land-based synoptic fish

surveys at a variety of locations along the NE Chukchi Sea coast from

Peard Bay to Point Hope. Data were collected for the most part during the

open-water, summer se-on and to a lesser extent in winter. Additional

data regarding jig-fishing surveys near St. Lawrence island and Kotzebue

were also included.
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This report contains the results and interpretation of fish data

gathered during the 1983 study. It provides an appraisal of fish

community structure along the northeast Chukchi Sea coast and offers an

initial assessment of fishery vulnerability to upcoming petroleum

production operations.

1.1 Rationale and Scope

The 1983 study was designed to examine marine and anadromous  fish

usage of a variety of habitat types and geographic locations in the

northeast Chukchi Sea and to incorporate these findings into a

comprehensive profile of regional fishery processes. Results further

served as an information base for assessing fish community vulnerability

to the proposed Barrow Arch development.

While the overall study area encompassed both nearshore and offshore

locations, a great deal of emphasis was placed on the survey of nearshore

waters. This decision stemmed from numerous studies conducted in the

Beaufort Sea as a result of that regions extensive oil and gas

development. These investigations have demonstrated nearshore zones to be

an important habitat supporting a number of arctic fish species (Bendock

1977, Craig and Griffiths 1981, Craig and Haldorson  1!381. Furniss 1975,

Griffiths and Gallaway 1982, Griffithset al. 198s). Ilearshore waters

serve as principal migratory pathways for anadromous fish such as ciscoes,

char, whitefish and salmon, and as summer feeding grounds for both

anadrcmous  and marine species. The nearshore emphasis was further

supported by the fact that the petroleum industry will probably be

technologically restricted to nearshore areas during the initial phase of

exploration and development.

In view of the fact that the Chukchi coastline is long and has a

variety of topological features, the study area was divided into four

maJor habitat components--Peard Bay, Uainwright  Inlet, Kasegaluk Lagoon

and Ledyard Bay (Fig. 1-2). Each locale wag presumably characterized by

distinctive patterns of fish usage and provided some measure of geographic

representation. Field investigations comprised three major sampling

efforts. Under-ice fyke netting and gill netting surveys were conducted

at each of the four locations during 15-28 March 1983. Kasegaluk Lagoon,
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the most prominent estuarine system on the Chukchi coast, was chosen as
the site of’ more intensive summer study. Synoptic gill and fyke net

surveys were conducted in the vicinity of the village of Point Lay

primarily during two two-week periods--17 July-4 August and 15 August-1
September. Finally, operations based aboard the NOAA research vessel

Qisgez employed gill nets and otter trawls to sample nearshore and

offshore waters at Point Lay (Kasegaluk Lagoon). Wainwright  Inlet and

Ledyard Bay during the period 27 August to 12 September. Two additional
otter trawl samples were taken off the west coast of the Lisburne

peninsula.

1.2 Objectives

Specific ob~ectives of this study were to:

1.

2.

3.

4.

Assess the distributions, habitat dependencies, trophic

interactions and life histories of marine and anadromous

fishes occupying the nearshore waters of the northeast

Chukchi Sea during open-water and winter periods. Special

emphasis should be placed on subsistence harvested and

trophlcally important nearshore species.

Describe geographic areas or behavioral patterns which

appear critical in the feeding, overwintering, spawning,

rearing and subsistence use of nearshore fish species.

Compare patterns of nearshore habitat use by fishin the

northeast Chukchi Sea with those occurring in nearshore

regions of the Beaufort Sea, the southern Chukchi Sea and

the northern Bering Sea.

Determine the vulnerabilities of nearshore fish in the

northeastern Chukchi Sea to impacts from OCS oil and gas

development.
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2. CURRENT STATE OF KNOWLEDGE

The status of information regarding  the fishes of the Chukchi Sea has

recently been reviewed by Bowden and Moulton (t981)~ Morris (1981),

Moulton and Bowden (1981), and Craig and Skvorc (1982). Unlike the

Beaufort Sea, whose physical and biological processes have undergone

intensive scrutiny because of petroleum exploration and development

activities, the Chukehi Sea has received comparatively little attention.

Most sampling efforts in tihis area have been directed toward the more

southerly waters of Hope Basin ahnd Kotezbue  Sound.

Fisheries data between Point Hope and Point Barrow are sparse and

often of a secondary nature. The database for offshore waters is limited

to trawl surveys in Ledyard Bay (Alverson and Wilmovsky 1966; Quast 1972,

1974) and near Barrow (Frost et al.. 19’T8). Coastal information consists

of species caught at Wainwright and Point Lay (Craig and Schmidt 1982) and

in a kelp bed at Peard Bay (Plohr et al. 1957). Similarly, information on

anadromous fishes in rivers flowing into the northern Chukchi Sea is

limited to brief surveys (Hablett 1979. Bendock 1979, Bendock and Burr
1980). Incidental fisheries data are available for the Barrow region

(Murdoch 1884, 1885; Cohen 1954; 14acGinitie 1955; Wohlschlag 1956; McPhail

1966) and an unden-ice location 400 km northwest of Barrow (Walters 1961).

Additional information can be derived from papers describing subsistence

fishing patterns at coastal villages (Wilmovsky  1956, Ivie and Schneider

1979, Schneider and Bennett 1979, Pedersen  1979, Pedersen et al. 1979) and

the feeding habits of seabirds  at Cape Lisburne  (Schwartz 1966; Springer

and Roseneau 1978, 1979).

Virtually all fisheries data available for the northeast Chukchi Sea

have been gathered during the open-water season. The exceptions are

winter data collected in 1959-1960 at a floating ice station located 400

km northwest of Barrow (Walters 1961) and an assortment of information

about subsistence fishing$ including  some winter information (Murdoch

1884, 1885; Wilimovsky  1956; Ivi@ and Schneider 1979; Schneider and

~nnett 1979; Craig and Schmidt 1982).

The above-mentioned research h=, to date, identified 41 species of

fish from the northeast Chukchi Sea (Morris 1981). The most abundant

marine species are Arctic Codp stamy flounder, Pacific halibut, saffron

cod, Pacific herring, capelin and sculp.in. Important anadromous  species

include pink and chum salmon, Arctic char, ciscoes, whitefish and smelt.
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3. STUDY AREA

The northeast Chukchi Sea coastline extends for 550 km between Point

Barrow and Point Hope (Fig. 1-2). Fronted in most places by bluffs and

narrow gravel beaches, this area forms the leading edge of a shallow shelf

basin that extendsto the East Siberian Sea and down through the Bering

Strait.

Nearshore waters of the Chukchi Sea are dominated by warm waters

transported north from the Bering Sea which form the North Alaska Current.

This current runs parallel to the coast in a northeasterly direction and

its influence extends as far as Point Barrow. Under certain

meteorological conditions, typically in fall and winter, mean northeast

flow of the longshore  current may exhibit large flow reversals. The

following descriptions were provided by Hachmeister (ASI, pers. comm.) for

the 1983 Chukchi  Sea Synthesis Meeting.

‘Circulation in the inner shelf of the NE Chukchi, as in the

Beaufort Sea, has been shown to be highly influenced by

meteorological forcing. The Chukchi  differs from the Beaufort,

however, in that it exhibits a relatively high velocity

(approximately 1.0-1.5 kt) nearshore current which in the

summer derives its existence independently of the local wind

field. Under certain meteorological conditions this current is

observed to reverse from its mean northeasterly direction and

flow to the southwest. In the summer of 1981 this current was

found to reverse for periods of5-7 days for 35-45 percent of

the open water period (Wilson et al., 1981). In winter months,

Coachman and Aagaard (1981) found these reversed flow

conditions 20-40 percent of the time along the Cape Lisbourne

inner shelf. The current, whether flowing northeast or

southwest, typically follows the bathymetry at depths greater

than 20 m and possesses a more wind-driven onshore-offshore

component at depths less than 20 m.~

This wind-driven component plays an important role in governing

nearshore hydrographic conditions
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“Measurements by Wiseman (1974~ 19809 have shown bhat? when

meteorological conditions conf@e the neawwhor=e warm waters to

the coast, temperatures may be as laigh as 130C with salinities

less than 29JJ o/ooinlateJuly. However, as meteorological

conditions periodically change and as surface waters are moved

offshore. water in the nearshore region is replaced by deeper

offshore water and exhibits both reduced temperatures (< 3oC)

and increased salinities (> 31 o/oo). Hachmeister (1983) has

measured nearshore  (out to approximately 20 km) changes in

temperature from 6 to OoC and in salinity from 28 to more than

31 o/oo in less than two days in response to a shift from SW to

NE winds.n

Peard Bay is located in the northeast sector of the study area where

the Chukchi Sea and Beaufort Sea water masses mix. This open embayment

stretches from Point Barrow to Point Franklin and includes an exposed

coastline as well as Peard Bay proper-== a large body of water protected

from direct ocean exposure by Point Franklin. The occurrence of a

longahore. current-induced, anticyclonic gyre and a kelp community on a

rocky substrate (Mohr et al. 1957) has caused speculation that Peard Bay

may be the site of increased biological activity.

Wainwright Inlet is an inland body of brackish water lying at the

mouth of the Kuk River drainage. It Is a summer feeding area and

migratory pathway for a variety of’ fish species and in winter it supports

an important subsistence fishery for boreal smelt.

Kasegaluk Lagoon is a prominent coastal feature and is unparalleled

in size by the smaller lagoons of the Beaufort Sea. It forms one of the

largest estuarine habitats in Alaska’s North Slope region. Protected by a

continuous chain of offshore barrier islands that extend along 180 km of

coastline, lagoon waters receive freshwater discharge from Kukpowpuk,

Kokolik and Utukok riversp as well as from tundra creeks and numerous

smaller rivers. Kasegaluk  Lagoon is a shallow water basin typically less

than 1 m in depth, however, depths of 2-3 m do occur at the northeast end

from Icy Cape to Pingovarak Pass. Seaward of the barrier islands ocean

depths drop sharply to 2 m within 5-6 m from shore and to 8 m within 50 m

from shore. Freshwater discharge, solar heating and the wind-driven
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intrusion of marine water through the dozenor so barrier island inlets

govern lagoon hydrography.

Ledyard Bay represents the southern portion of the study area. With

the exception of the Pitmegea River, the long, exposed coastline is devoid

of major freshwater drainages. Because of the bay~s proximity to the

Bering Straits local physical processes are strongly influenced by the

warm waters of the North Alaska Current. The regionls most prominent

hydrographic  feature is a persistent, clockwise gyre which presumably

contributes to the productivity of the area

3.1 Annual Cycle

Ice cover in the Chukchi Sea lasts for about seven to eight months

each year. The formation of slush ice begins in September in lagoon and

nearshore areas. Landfast ice begins forming in November and slowly

builds seaward. By the end ofninter ice cover may extend as far as the

20 m contour where it may reach a thickness of 2 m. Shallow nearshore

areas and the entire Kasegaluk Lagoon system freeze to the bottom. Pack

ice moves into the Chukchi in fall and may consist of multi-year ice

fieldsup to6 m in depth.

The shear zone between landfast and pack ice is dominated by the

Chukchi polyny> This open water expanse persists throughout the winter

and stretches from Point Barrow south to beyond Cape Lisbtiurne. The

polynya is wider to the southwest because of the warming influence of the

Bering and SE Chukchi seas. It attains a width of about 1 km near Barrow

by the end of winter.

Warmer temperatures and freshwater runoff in late spring-early summer

initiate breakup. During June-July the northeasterly retreat of pack ice

and the melting of fast ice widens the Chukchi polynya. Fragmented fast

ice la driven offshore by S-SE winds but 13 occasionally driven back onto

beaches when winds blow out of the north or west. A landfall of

fragmented sea ice occurred at Point Lay on 21 July and remained for

several days. Schmidt and Craig (in press) reported that Kasegaluk Lagoon

was virtually ice-free from late June-late September.
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3.2 Tides

As in most places along the arctic coast variations in sea level due

to lunar tides are rather Small$ typically 10 em or less. Storm surges,

however, can cause i?onstderable  fluctuations in nearshore water levels. A

positive storm surge of40 cmwas recorded by Hunkins (1964) and during

the period 1962-ln3. surge amplitudes have ranged from -1.10 to +1.89 m.

4 . METHODOLOGY

4.1 Winter Program

Land based synoptic surveys were conducted during 15-28 March at

Peard Bay, Peard Bay proper, Wainwright Inlet and Ledyard Bay (Fig. 4-l).

Table 4-fl lists the geographic coordinates and sampling periods for each

site. The single sampling day at Peard Bay proper reflects a variety of

mechanical and logistical problems which hampered the start of the field

program-- this station wag the first to be established. An attempt was

made at establishing a sampling station in Kasegaluk Lagoon near Kukpowruk

Pass, however, the effort proved unsuccessful because the entire water

column was frozen. Hydrologic data were collected from a point just

seaward of Mcpowruk Pass (Fig. 4-1). Each field site employed one fyke

net and one gill net positioned within 100 m cf each other. Hydrographic

data were collected at each site.

4.1.1 Water Quality
Surface water temperature, surface salinity and surface turbidity

were recorded with each daily check of the sampling sites. Temperature

was measured in the field with in-glass mercury thermometers. Surface

water samples were returned to base camp and analyzed with a YSI-33

Salinity/Conductivity meter (.542.9 ppt above 4.OoC, Al ppt below  4.0°C’) and
a Hach Model 2100 A Turbidimeter [measuring in nephelometric turbidity

units (NTUts)]. In addition, vertical profiles of salinity and turbidity

were measured once at each station. Water samples taken with a Van Dorn

bottle were analyzed in the same method dese.ribed  above for surface

samples.
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4.1.2 Gill Nets
Monofilament gill nets used during the winter Program were 45.7 m

long by 1.8 m deep. Each net was vertically divided into three equally

sized panels, with each panel beingof a different mesh size (2.54, 3.81

and 5.08 cm stretched mesh). Gill net sets ranged from 20-26 h in
duration and were positioned just beneath the prevailing ice layer to
sample the upper 1.8 m of water column.

4.1.3 Fyke Nets

The under ice fyke net consisted of four wings, each100 ft longby

1.8 m deep, eminating from a common 2 m x 2 m x 2 m centralized trap. The

wings and trap were constructed of 1.27 cm mesh (stretched) knotless nYlon
netting. The common sides of any two adjacent wings converged into a 15

cm diameter circular throat which in turn emptied into the central trap.

The entire device was suspended beneath the ice thus sampling the upper

1.8 m of the water column.

The fyke net was checked every 20-26 h. Because daily catches were

low in number all specimens were retained for preservation in a 10%

formalin solutiom Identification, measurement and life history analyses

were subsequently conducted at LGLqs Bryan, Texas laboratory.

Table 4-1. Geographic coordinates and sampling periods for the four

winter sites.

c Coor~ Davs SamRJE$

Peard Bay (proper) 70051 .3~N 1

158049.28W

Peard Bay 70059.l~N 5

158013.2$w

Wainwright 70045.71N 3

159056.5’W

Ledyard Bay 69016.1’N 4

163034.2?w
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4.2 Kotzebue and St. Lawrence Island

Since winter data are difficult to obtain, some additional

information is included in this report regarding winter jig-fishing

catches in the vicinity of St. Lawrence Island during February 1983 and

near Kotzbue in November 1978. Although collected outside the primary

study area defined for the 1983 Chukchi investigation these data were

available and serve to enhance our knowledge of Chukchi  waters.

4.3 Summer Program (Land-based)

Intensive field surveys were conducted in the vicinity of Point Lay,

Alaska, during summer. The sampling period was primarily divided into two

increments, 17 July-4 August and 15 August-1 September. Survey efforts

were most intensive during these periods, however, opportunistic samples

were occasionally taken during the interim.

Figure 4-2 illustrates the sampling site locations. The programs

original plan called for a fyke net to be in continuous operation at

Station 1 and gill net samples to be taken at Stations 3, 4 and 5 on a

rotating basis. This scheme worked well during the 15 July-4 August

sampling period, however, inclement weather during the second sampling

period forced us to place thefyke net on the lagoon side of the barrier

island. Opportunistic gill net samples were taken at Stations 6, 7 and 8

at the discretion of the field chief.

Weather permitting, fyke and gill nets were checked daily. Fish were

identified, enumerated and measured to the nearest 5 mm increment (maximum

of 50 per species). Gill netted fish were retained for dietary and life

history analyses. Selected species taken by fyke net were also preserved

for later examination, however, stomach analyses of fyke netted fish was

generally avoided since several species, most notably sculpin and cod,

apparently feed on trapped fauna.

4.3.1 Water Quality

Surface water temperature, surface salinity and surface turbidity

were measured in conjunction with daily fishing at each sampling station.
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In all cases, water temperature was measured with in-glass mercury

thermometers (#3.5oC). Salinity and turbidity were measured from water

samples collected at each station. Salinity was measured using a YSI-33

salinity/conductivity meter (~0.9 ppt above 4.OoC, Al ppt below 4.OoC).

Turbidity was measured in nephelometrie turbidity units (NTU) using a Hach

Model 2100 A Turbidimeter.

4.3.2 Fyke Nets

Thefyke net used at Station 1 during the 15 July-4 August sampling

period actually consisted of two single trap models placed back to back

(Fig. 4-3). Each single cod end trap consisted of a stainless steel frame

mouth (1.2 x 1.2 m) attached to a knotless nylon net (3.7 x 0.9 x 0.9 m;

1.27 cm stretched mesh) containing two consecutive 15 x 25 cm throats.

These traps were positioned on the seaward side of the barrier island at a

depth of approximately 1 m. Two wings (25 cm stretched mesh) were

connected to the frame--one ran diagonally to shore, the other ran

diagomlly seaward. Eecause the bottom dropped off rapidly the distal end

of the seaward wing terminated at a point about 5 m offshore. This sharp

drop off was the main reason for using this particular fyke net

configuration.

The shallow waters of Kasegaluk Lagoon enabled us to use a

conventional ‘T~ configuration fyke net during the 17-31 August sampling

at Station 2. A single 30 m lead was connected to the center of the main

frame and two10 m leads were attached to either side. The net was set

perpendicular to shore so that the trap end wasin about 1.0 m of water.

4.3.3 Gill Nets

Multipaneled monofilament gill nets were employed during the Point

Lay study. Surface and Bottom nets were 30 m long by 1.8 m deep and

divided vertically into four equally sized panels of 2.54, 5.08, 7.62 and

10.5 mm stretched mesh.
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4.4 Summer Program (Ship-based)

LGL conducted nearshore  and offshore fishing efforts as part of the

24 August-15 September cruise of the NOAA research vessel Jliscoverer.

Gill net samples were taken at 13 locations, with surface and bottom nets

being simultaneously deployed ateach site. Twenty-six locations were

sampled by otter trawl. General sampling locations are depicted in

Figure 4-4 and the geographic coordinates of each sampling site are listed

in Appendix 10-5.

The majorityof tows employed a7.6 m (25’) gap, semi-balloon otter

trawl operated directly from the J)iscoverer. At nearshore locations

(Stations9,  10, 11,23,25, 26) too shallow (<14 m)for the Discover e~, a

smaller boat was used to tow a 3.7 m (12t) gap trawl. Trawl samples were

weighed and fish were separated from other components of the sample. Fish

were weighed and all specimens were preserved in 10% formalin. In cases

where trawl samples were extremely large (Stations 1, 3, 5, 8, 12! 139 16,

18, 21, 29), subsamples  were retained.

Samples were shipped to LGLts Bryan, Texas, office for analyses.

Specimens were identified, enumerated and measured (to a maximum of 100

per species). Total weight for each species was recorded for each

sampling effort. Stomach contents of Arctic cod, the most consistently

abundant species taken by otter trawl, were analyzed.

4.4.1 Water Quality

The Discoverer’s hydrographic data acquisition system recorded

vertical profilesof  temperature, salinity and conductivity (CTD) at 49
locations including all deep water sampling sites (Fig. 4-5).

4.4.2 Otter Trawls

Deep water tows employed a 7,6 m (25 ft) gap, semi-balloon otter

trawl with a 3.8 m stretched mesh body and a 1.3 cm stretched mesh cod end

liner. All trawls were 30 min in duration with the exceptionof trawls 28

and 29 (15 rein). Several of the deep water trawls resulted in extremely

large catches. In these instances, subsamples were retained for

subsequent analyses.
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Shallow water tows were made using a 3.7 m (12 ft) gap otter trawl

with a 3.8 stretched mesh body and a 1.9 cm stretched mesh liner in the

cod end. Nearshore trawls lasted for 9-10 min and the entire sample was

preserved in each case.

4.4.3 Gill Nets

All gill nets

length by 7.3 m in

panels of 3.8, 6.4,

were of monofilament construction measuring 61 m in

dept~ They were vertically divided into four 15.25 m

8.9 and 11.4 cm stretched mesh netting. All gill net

efforts consisted of both surface and bottom nets. Soak time varied from

14-44 hours and all specimens were retained for preservation in 10%

formalin solution.

4.5 Statistical and Analytical Procedures

4.5.1 Adjusted Catch
Otter trawl catches were adjusted to compensate for subsampling by

dividing the catch (biomass) by the appropriate subsample fraction for

each species at each station.

4.5.2 Catch Per Unit Effort Computations

Computation of CPUE for otter trawl samples assumes that the catch at

each station

location. The

is representative of abundance and diversity at that

computational formula for each species is given by

cPIJE=ln
;1 Ni/A

ii=l

where Ni is the number of fish caught at Station i and Ai ‘he effort
Station i. Similarly, biomass per unit effort (BPUE) was calculated by

BPUE=ln
;E Bi/A

i
i= 1

at

where Bi iS the biomass Of fish caught at Station i.



4.5.3 Analysis of Variance and Covariarme

Ln the analysis of the winter catch of Arctic cod it was noted that

differences detected across stations in measures of food availability and
feeding habits (e.g., body weight and stomach content weight) may be due

to differences unrelated t~ feeding habit% For example, differences

found in body weight between stations may be due to differences in length.

Analysis of covarianee  is a set of techniques for the adjustment of main

effects tests and multtple comparison procedures for the effect of

observed concomitant variables.

The first step in the analysis of covariance is a simple analysis of

variance. The model after possible transformation for linearity and

normality is

‘ij =ll+Tj+~ij

where Yij iS the ith rePlicate from the jth station- At this juncture

irrespective of procedi.ng with the analysis of covarlance  multiple

comparison procedures (Duncan, Scheffe’s)  may be used.

The model for analysis of covariance is given by

Yij = B+ Ti +8 (Xij-i) + Zij

‘here ‘ij is as above and Xij is the concomitant variable.
Before this model can be used for testing and estimation, several

assumptions need to be verified. They are

1. The regression between the response variable Y and the

concomitant variable X was necessary, i.e., the slopes of Y

vs X within stations is significantly different from zero.

2. The relationship between Y and X is homogeneous between

stations, that is the slopes of Y vs X are not

significantly different across all stations.

The testsof these assumptions are given in Hicks (1973). It should be

toted irrespective of whether these assumptions hold, the standard

analysis of variance is still valid, though interpretation of observed

differences may no longer eliminate the possible effect of the covariates.



and

the

The final step in the analysis of covariance is

multiple comparisons procedure on the adjusted

response variable Y adjusted for the covariate X

(adjusted) ~ij = iij +6 (iij-i. .)

the main effects test

me am. The means of

are

where Yij is the mean of the YJS for the jth station, Xij iS the mean of

the X’s for the jth station, X.. the grand mean of the X~s and the

overall pooled slope of the regression of Yon X. Again, details of the

main effects test and multiple comparisons procedures for the adjusted

means are given in Hicks

4.5.4 Cluster Analysis

In order to compare

species with respect to

(1972).

and describe the relationships

the stomach contents of fish,

among stations or

cluster analyses

were performed. This analysis was completed on two seperate data sets:

In

of
In

1. Arctic codof similar length collected at 10 otter

stations, and

2. Selected species from gill net catches at Point Lay.

both analyses the attribute (clustering v~iable) used was

total stomach content biomass each observed content taxa

trawl

the percent

constituted.

the first analysis classifications to be clustered were designated as

stations. In the second, classifications were specified as fish species.

Because of its demonstrated utility in ecology (Boesch 1977)? a Bray-

Curtis metric with complete linkage, clustering algorithm was used. The

Bray-Curtis metric is a particular distance measure for determining the

similarity of two classifications. The similarity! ‘jk of claS~ficatiOns

j and kis given by

=2#
‘ij

i=l Min (Xi. , Xik)

En (Xij + Xik)
i=l
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‘here ‘ij is the value of the clustering variable for the ith ‘tomach
content taxa and jth Classification. Dissimilarity Djk? ‘Seal ‘n ‘he
dendrograms,  is given by

‘jk = I-Sjk .

Complete linkage refers to the technique of determining the

similarity of two classification clusters as a function of their least

similar entities (Soesch 1977).

5. RESULTS AND DISCUSSION

This section provides a general summary of field and analytical

results for the winter, Point Lay summer, and mcover~ cruise sampling

efforts. Inmost cases results pertaining to specific species will be

discussed in the Species Accounts sectioti Catch and hydrographic  data

are tabulated in the Appendices. Appendix 10.1 contains physical data

(temperature, salinity and turbidity) for the winter and Point Lay summer

studies; 10.2 provides length-weight measurements for cod taken in winter;

10.3 tabulates fish catch and effort data for the Point Lay summer study;

10.4 contains length-frequency data by gear type for dominant species

taken during the Point Lay summer study; 10.5 shows fish catch and effort

data for thel?iscoverer cruise; and 10.6 provides length-frequency data

for the dominant species caught during the X!.igcoverer  cruise.

5.1 Winter Study

5.1.1 Water Quality Summary

Vertical profiles of salinity and turbidity are depicted in Figure 5-

1 for Stations 1 (18 March), 2 (18 March), 3 (22 March) and 4 (29 March).

Depth related changes in salinity were negligible at Stations2  and 4,

however, stratification at Station 2 may not have been detected since

total depth in this area exceeded 20 m. Total. depth at Stations 1, 3 and
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4 were 6 m, 13 m and 1! m, respectively. Bottom salinity in Peard Bay

proper (StaLion 1) was 3 ppt greater than at the surfac@~ Salinity

decreased llnearly with depth at Station 3, falling from 25.1 ppt at the

surface to 16.5 ppt at a depth Of 10 m. This trend at Station 3 may

reflect freshwater i.nflueme from the nearby Kuk River.
Daily surface salinities remafned fairly constant within stations,

ranging from 28.1-33.3 ppt at Station 2 (18-22 March), 25.1-28.0 at

Station 3 (20-23 March), and 29.7-31.0 ppt at Station 4 (24-28 March).

Surface temperature remained between -0.5 and -1.OoC regardless of

location or date. Turbidity values were low, ranging from 0.5-5.S NTU

(Fig. 5-1).

5.1.2 Catch Summary and Total Abundance

Winter fyke-netting  resulted in the capture of 205 fish--2O4 Arctic

cod (~-) and 1 sculpin (Table 5-l). The lone sculpin was

taken at Station 3 on 22 March.

Gill nets failed to capture any fish during the entire winter

sampling period even though efforts encompassed over 270 total hours of

soak time: five days at Station 2, three days at Station 3, and four days

at Station 4. The disparityin Arctic cod catch between gill and fyke

nets, given that both were set in close proximity to and at the same depth

and time of each other, illustrates gear selectivity. Arctic cod taken by
fyke net ranged from 44-99 mm FL and thus may have been too small for the

2.5, 3.8 and 5.1 em gill net mesh sizes. Fyke net leads were not only

constructed of smaller mesh net (1.3 cm) but also acted in a different

capacity--directing fish movement as opposed to entangling fish. A

similar occurrence of gear selectivity was reported by Griffiths et al.

(1983). During periods in which their fyke nets were capturing thousands

of Arctic cod, nearby gill nets took only a token number. Further, their

tri-paneled gill nets (minimum mesh size = IH stretched mesh) failed to

capture cod less than 100 mm FL. Cral.g and Haldorson  (1981) also reported

that gill nets were inefficient in capturing small Arctic cod in Simpson

Lagoon.
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Figure 5-1. Vertical profiles of salinity and turbidity recorded at
Stations 1 (Peard Bay proper), 2 (Peard Bay), 3 (Wainwright)
and 4 (Ledyard Bay) during 15-28 March 1983.
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5.1.3 Kotzebue and St. Lawrenoe Island

First reported by Craig and Haldorson (1981) the 33 saffron cod

~~) collected were part of a subsistence catch of ‘tomcod’

digged through the ice just offshore from the village of Kotzebue,

Southeast Chukchi Sea, on 15-30 November 1978.

During February 1983, saffron cod were jigged through the ice ata

location about l.5km east of Savoonga, St. Lawrence Island. Arctic cod

were jigged at the mouth of Fossil River, about 1.5 km southeast of Camp

Iveetok.

All collected speoimens were analyzed for length, weight,

reproductive status, age and stomach content, and results are reported in

the Species Account Section.

Table 5-1. Catch summary for Arctic cod taken by fyke net during 16-28
March, 1983.

=

3/1 8/83
3/1 9/83
3/20/83
3/21 /83
3/22/83
3123/83
3/1 5/83
3/26/83
3/27/83
3/28/83

StatIon
L L 3- 4
2

::
28
58 20
15 4

3
5
2
2
7
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5 . 2

5.2.1 Water Quality Summary

Temperature, salinity  and

Point Lay Study

turbidity data are presented in Figure 5-2

for Stations 1 and 2. Data collected at these sites offer the best

temporal profile or local hydrographic conditions because they were the

stations most consistently monitored during the sampling period.

Two main warming trends in ocean water occurred during the first half

of the sampling program--elevated temperatures were recorded from 20-23

July and from I-6 August. A similar but reciprocal trend was noted in
salinity. The 20-23 July period was characterized bymild SEwinds and

warm air temperatures. Warm freshwater discharge from the Kokolik and

Kukpowruk rivers would account for observed temperature and salinity

levels. River influence is evident in the generally lower salinity of

lagoon water as compared with ocean water. Strong N-NW winds and heavy

seas prevailed before and after the ZO--ZS July period. The resultant

wind-driven influx of cold marine water served to lower the temperature

afid increase the salinity of coastal ocean water. Ebth lagoon and ocean

water levels were higher at this time.

The lack of consistent hydrographic data for the ocean station during

the second half of the summer sampling period makes comparative analysis

difficult. Lagoon waters generally underwent a steady decrease in

temperature during the last two weeks in August. This decline may be

attributable, in part. to decreased river discharge and colder air

temperatures. Sharp drops in lagoon salinity and spikes in turbidity

around 12 and 29 August were accompanied b~ offshore and NE winds which

tended to churn and lower the level of lagoon waters.

5.2.2 Catch Summary and Total Abundance

Fyke and gill netting efforts resulted in the capture of 17 fish

species totaling 14,437 individuals--l3,345 by fyke net and 1092 by gill

net (Table 5-2). Marine species (10) accounted for nearly 99% of the

total fyke net catch with the dominant species being Arctic cod (39%),

capelin  (25%), fourhorn  sculpin (20%) and Arctic flounder (13%). The most
abundant species taken by gill net were Pacific herring (48%), fourhorn

sculpin (18%), boreal smelt (17%) and Arctic flounder (9%).
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These data illustrate the size/species selectivity of the different

gear types. Nearly half of the 1092 gill-netfied  fish were Pacific

herring, yet not a single herring was taken by either fyke net.

Conversely, fyke nets captured 5205 Arctic cod while gill nets took only

12. Boreal smelt were taken by both gear types; however, while gill nets

caught fish predominantly in the 200-260 mm length ranges better than 60$

of those caught by fyke net were less than 130 mm in length.

When compared with nearshore summer surveys conducted in the Beaufort

Sea region, the most prominent feature of the 1983 Point Lay catch is the
virtual absence of anadromous fish (Table 5-3). AS in the present study>

Beaufort Sea fyke net catches were generally dominated by Arctic cod and

fourhorn sculpin. Excluding these two species$ Arctic cisco, least cisco,

Arctic char and broad whitefish accounted for -73% of the remaining catch

at Simpson Lagoon in 1978 and more than 90% of remaining catches at

Simpson Lagoon (1977), Prudhoe Bay (1981) and the Sagavanirktok  River

delta (1982). During the latter three studies, Arctic cisco alone

constituted 14.7, 15.0 and 29.1% of total fyke net catche, respectively.

The 28 fyke net days at Point Lay resulted in the capture of three Arctic

char and two least CISCO. Not a single Arctic cisco or broad whitefish
were taken~ however, one Arctic CISCO was caught at Point Lay during

summer 1983 (Schmidt and Craig, in press). None of these species were

taken by gill net and together the four species comprised 0.04$ of the

1983 Point Lay catch.

5.2.3 Catch Rate

There is a noticeable similarity between hydrographic  trends and

overall fyke net catch (Fig, 5-3). Catch per unit effort (CPUE) for all

fish increased during sharp transitions in temperature and salinity. This

similarity may reflect the effect of sea conditions upon localized fish

distribution. Northerly winds responsible for lower temperatures also

created extremely rough seas and surf. The site of fyke net Station 1 in

the barrier island surf zone would most likely be avoided by fish during

harsh weather. Deeper, offshore waters, or Kasegalulc  Lagoon, could serve

as havens against these rough surface conditions. Conversely,

repopulation of the surf corridor during calmer periods (elevated
temperatures) could account for the observed increases in catch.
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Table 5-2. Point Lay catch summery for July-August, 1983.

Sn-q.eg
A r c t i c  CC4 (~ W2i.iW
Capelin (~~)
F o u r h o r n  sculpin (&xQc.@@IIa ~)
Arctic flounder (~ ~)
Pacific herring (~ ~ ~)
Ooreal smelt (~ mQBlitx)
Saffron cod (~ lWULlL3)
Pink salmon (@C@W@US KQKWSQM
Great sculpin (~~)
Longhead dab (~~)
Arctic char (SwfwJIU alwltla)
Sturgeon poacher (-~)
Least cisco (~ ~)
Bering  CISCO (~ ~)
Pacific sand lance (&uLQ&@ &x@&,cw)
Chum salmon (QmQCwMw Jr.$zta)
Threespine  sticklebacks (~~)

.~..
fkeao-# LMQQ&Em Qwuul LasQQn&

12
3343 1 16
1491 1152 146 2
1512 202 25 71

457 70
1 133 144 42

110 155 3 1~.
1 28 0

2k 1 4
1 10 ;
2 1

3 0
2

1 1 -
1

1
1

10,505 2840 659 433

5217
3360
2845
1810

;2
269
34
30
12
3
3
2
2
1
1
1

14,437

Table 5-3. Pyke net catch summary for theaix most abundant fish apeciea  caught during nearahore  summer
surveys  in the Beaufort  Sea. Values ara percent of total catch followed parenthetically by catch
per fyke net day.

Arctic cod 7.6 (6.5) 77.9 (1607.1) 49.2 (179.8) 27.9 (147.7) 39.0 (183.1 )

Fourhorn  aculpin 69.6 (59.1) 17.9 (369.3) 23.7 (86.4) ?7.7 (146.9) 19.8 (93.0 )

Arctic oisco 14 .7  (12.5) 0.8 (16.5) 15.0 (54.7) 29.1 (154.4) o (0)

Least cisco 2.3 (1.9) 1.2 (24.8) 6.6 (24+0) 2.3 (12.5) <0.01 (0.07)
Arctic char 3.8 (3.2) 0.9 (18.6) 2.3 (8.5) 5.1 (27.8) <0.01 (0.1 )

Broad whitefish 0.1 (0.8) 0.2 (3.1) 0.9 (3.1) 5.6 (29.7) o (o)

Others 1.9 1.1 2.3 2.3 41.2

‘Craig and Haldorson 1981.
2Griffith~  and Gallaway 1982.
sGriffithget al. 1983.
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Figure 5-3. Daily catch rate (fish/h) of all fish taken by Point Lay
fyke nets during July-August 1983.

5.2.4 Trophic Comparisons

The stomachs of 141 fish collected at Pt. Lay were examined for

content. Five species were represented and with the exception of capelin,

all specimens were taken by gill net. Detailed lists of stomach contents

are provided in the Species Accounts Section.

Figure 5-4 denotes the presence of particular food items for each

species. Cluster analysis revealed several similarities in feeding

strategy among species (Fig. 5-5). Pink salmon and boreal smelt both

tended to be piciverous, with fish accounting for 75 and 65% (of total wet

weight content) of their diets, respectively (Tables 6-8 and 6-5). Fish

and ~~ together comprised 80$ (pink salmon) and !35% (boreal

smelt).

The diets of capelin (95%) and Pacific herring (781) were dominated

by MYSLS ~ (Table 6-4). Fourhorn sculpin taken from both the

ocean and lagoon sides of the barrier island fed predominantly on the
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COINCIDENCE T!WLE

STOFACH CONTENTS
Ephemoptera nymph
Calanoid
Calanus glacialis
Temora sp.
Cyclopoid
Harpacticoid
Euphausiid
Atylus carinatus
Parathemisto abyssorum
Amphipod
Onisimus Iittoralis
Onisimus glacialis
Lysianassid
Gammarus setosus
Pontoporeia affinis
Oedicerotid
Anonyx sp.
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Unidentified worm
Cirripede larvae
Bivalve
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Mysid
Mysid littorals
Mysid relicts
Neomysis SP.
Cumacea
Fish egg
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Fish larvae
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Fourhorn sculpin
Saffron cod
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Figure 5-4. Food items consumed by fish taken at Point Lay during
July-August 1983:
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Figure 5-5. Cluster analysis dendrogram for six species of fish based on stomach content of specimens
taken at Point Lay during July-August 1983.



isopod &fllUz@ ~: lagoon 65%, ocean 81% (Table 6-3). The benthic

nature of Arctic flounder is reflected in the high incidence (48$) of

tubular polyehaetes (Table 6-7). A large remaining portion of their diet

was unidentified worms (35%).

Because invertebrate sampling was not included in this study the

ecological significance of these dietary dissimilarities/similarities in

terms of competition is unclear. Even if these data were available, it is

likely that different food preferences would be correlated with the

functional design and feeding strategy of individual species. Any

hypothesis regarding the trophic stability of the Kasegaluk  Lagoon system

would require a more detailed investigation of food availability and its

relation to dietary overlap.

5..3.1 Water Quality

5.3 MMWQUU!

Summary

Cruise

Ocean temperatures ranged from -0.8 to 7.5oC (Fig. 5-6). Warmest

waters (.260C) occurred southeast of Icy Cape, extending from the coast to

as far as 150 km offshore for surface water and 75 km offshore for bottom

water. This thermal plume reflects the N-NE flow of warm water from the

Bering Sea. Decreasing bottom temperatures coincided with increased

distances from shore and greater depth. The interface between the Bering

Sea plume and colder Arctic Ocean water was evidentin a sharp decrease

(-30C) in sea surface temperature approximately 150 km offshore.

Northeast of Icy Cape, where Chukchi and Beaufort Seawater masses mix,

nearshore temperatures were somewhat cooler [-3-50c)0
Salinity was relatively constant throughout the study area, with

surface and bottom conditions ranging from 28-32 Ppt (Fig. 5-7). Lowest

salinities were obserwed in nearshore areas near the mouths of major river
drainages.

Vertical profiles of temperature and salinity were homogeneous at

most of the nearshore staticns (2, 4, 6, 12-16, 19-22, 36-47) where depths

were less than 25 m. Deep water stations (>25 m) were characterized by

distinct thermoclines and haloclinea of varying duration and depth.

Subsurface extensions of the warm Bering Sea plume into the colder Arctic

Ocean water mass were observed at Stations 23, 25, 26, 28, 29 and 32 (Fig.

5-8) .
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5.3.2 Catch Summary and Total Abundance

Otter trawl and gill-netting efforts caught a total of 7849 fish

representing 5 orders, 12 families and 31 species (Table 5-4). Adjusted

otter trawl catch at deep water stations (>14 m, 25 ft trawl) was

dominated by Arctic staghorn sculpin (52%), Arctic cod (21%), shorthorn

sculpin [8%), hamecon (7%) and saffron cod (5%) (Table 5-5). Together,

these five species accounted for 93% of adjusted catch biomass; Arctic

cod, 54$; Arctic staghorn sculpinq 24%; shorthorn sculPiny 7%; saffron

cod, 6% and hameconl 2%. In terms of percent average CPUE and percent

average biomass per unit effort (BPUE) there is a change in the

proportions of the two dominant species. Arctic staghorn sculpin

increased from 52$ to 55$ of catch and from24% to29% of biomass while

Arctic cod decreased from 21% to 17% of catch and 54% to 42$ of biomass.

This shift occurs because trawls focus was made in areas where Arctic cod

were more abundant.

Comparisons of adjusted catch for nearshore stations (<14 m depth, 12

ft trawl) showed Arctic staghorn sculpin to be numerically dominant (51%)

followed by shorthorn sculpln (19%), hamecon (14%), saffron cod (6%) and

Arctic cod (3%) (Table 5-6). These five species comprised 96% of total

biomass with 62% attributable to Arctic staghern  sculPin alone. OnlY a

slight shift was noted in catch composition when viewed in terms of

percent average CPUE and percent average BPUE.

Nine species totalling  102 fish were taken by gill nets of which

Pacific herring and boreal smelt accounted for 46 and 33 specimens,

respectively.

166



Table  5--4. Species caught during the 1983 ~cruize.

CLUPEIFOWS

Clupeidae
Pacific herring - !Wu22ahcangwa lZaUasA

SALMONIFORMES

Salmonidae
Arctic char - Sa&@Jw%alQinUa

Owneridae
Wreal =elt-!kimm.amuA3x

GADIFORMES

Gadidae
Arctic Cod - BQ.WUMH W
Sa~~ron cod - El@w.a KcaQU.a
Walleye pollock - JMxz@zk~

Zoat%idae
Fish  doctor  -  ~ ~

-wlzlf&h~

Polar eelpout - ~codeamlar,h
Arctic eelpout - ~~
Archer eelpout - Lm&iU@w!
Saddled eelpout - LJWWQZ,W

PERCIFORMES

Stichaeidae
Fourline snakeblenny - XungwgrammumassiaM
Slender eelblenny  - Lumrmu&fahi&iA
Arctic Sh~~Y - ~~

Ammodytidae
Sandlance  =- A&m&tea ~

Hexogrammidae
Whitespotted greenling - ~&d.kc.k

Cottidae
Hamecon - &@i&J&I acalzsc
Spatulate 9culPin -XssWaawXaka
Antlered sculpin - Zng@cya~
Arctic staghorn  sculpin - QmmmUkakbamzia
Fourhorn  sculpi.n - ~&!J.ua ~
Shorthorn sculpin  - L scmldua
Eyeshade sculpin -&uLM&MamiMJJ2Yiua
Ribbed sculpin -kigkpSQhg,eM

Agcmidae
Sturgeon seapoacher “J?uwll&~
Arctic alllgatorfish  - ~ Q,WU

Cyclopteridae
Snailf’ish  - Mzmia SPP.

PLEUR.INECTIFORMES

Pleuronectidae
Alaska plaice - ctea ~
Arctic flounder - ~gJ,add&
Yellowfin  sole - Limamla ~
Longhead dab -MJMn&3mQw@Jim
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Table 5-5 Catch summery for deep water (>lh) stations sampled by 25’ otter trawl during the 1983
Discoverer cruise.

Adjustad AdJusP,ed Average Average P e r c e n t Percent
Qa.t&L_RIQmiU&

A r c t i c  seaghorn  sculpln 10699 186873
Arctic CQd 4339 424547
Snorchorn Sculpin 1608 51388
!tarnecon 1372 17698
S~ffron cod 1054 50587
Slender eelblenny 570 12353
R i b b e d  sculpin 366 6986
Sand  lanoe 106 1584
Snailfish 101 1734
Sturgeon seapoacher 88 451
Antlered sculpin 80 11600
W a l l e y e  pollock 68 9349
Yellowfin  sole 66 929
Arctic shanny 954
Fish doceor ;; 298
S a d d l e d  eelpout 33 1104
Arctic alligatorfish 28 156
Eyeshade sculpin 8 18
Arctio eelpout 8 5.46
lfhitespottad  greenling 5 72
Spatulate sculpin 4 4
Fourlfne  snakeblenny 4 70
Pacific herring 4 1410
Gymnelis he~ifasciatus 3
Polar eelpout 3 ;;
Archer eelpout 1 3
Arccfc  Plounder 1 32
B o r e a l  smelt 1 111 .016

JEIJ.c

250.976
76.634
3 9 . 1 0 0
33*169
19,834
8,724
7.067
2,253
2.184
1.943
2.7i8
2.194
1.275
2.050
.988
.762
.787
.140
.226
.152
.078
.140
.123
.041
.024
.008
.008

JuiKILkwwAuL&
U447 .25 55
6421.20 17
1386.28
470.64 ;

1375.90 4
193.78 2
146.92 2
35.46 c
42.26 ●

9.50 e
394.14 @
308.16 ●

15.76 ●

31.74 t
8.24 4

30.74 t
4.86 #
.29 *

13.47 t
2.38 ●

.08 *
2.45 *

43.40 ●

.45 e

.53 ●

.02 ●

.26 a
1.80 4

29
42
9
3
9
1
9
●

Q
9
3
2
●

4

*

4
●

●

4

*

*

●

●

●

t

●

4
●

Table 5-6. Catch summary for shallow vster (<l~m)  stations sampled by 12’ otter trawl during the 1983
Discoverer cruise.

Ad.just.ed Adjusted Average Average Percent Parcent
~ ~ _C.kUE_ JMIE~~

Arctic staghorn sculpin 307 9647 98.151
Shorthorn sculpin

4137.83
115

55
2338

70
Hamecon

29.328
85

563.9o 16 10
1512 17.554 2 5 8 . 4 3 10

S a f f r o n  c o d 36
4

557 7 . 1 2 0 1 1 8 . 7 9 4
A r c t i c  c o d 19 7 3 4 9.667 3 1 9 . 3 5 5 ;Snailfish 15 5:: 9.4!2 412.81
Yellowfin  sole 8

5 7
1.997 15.28 1

Fourhorn sculpin
*

4 42 3.333 35.00 2
Ribbed sculpin

●

4 42 .946 11.06 9
Slender eelblenny

●

3 47 .349 5.33 9
Sturgeon seapoacher

●

2 10 .548 2.74 #
Arc:ic ailigatorfish

4
1 1 .123 . 1 2 ● ●

~<lg
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6. SPECIES ACCUJNTS

This section discusses the results for individual species. While

emphasis is placed on the more abundant species taken during the 1983

Chukohi study, brief summartes  of data collected for less abundant species

are also provided.

6.1 Arctic Cod (.BQww@M u)

The Arctic cod has a circumpolar  distribution extending south to the

northern Bering Sea (Pereyraet al- 1977, Lowry and Frost 1981)0 Arctic

cod are reported to be one of the most common and abundant species in

Arctic waters (Alverson and Wilimovsky 1966, Quast 1974, Lowry and Frost

1981) and are known to enter nearshore areas in the Beaufort Sea (Craig

and Halderson 1981, Griffiths and Gsllaway 1982. Griffiths et al. 1983).

Arctic cod was one of the most omnipresent and abundant species

caught throughout the course of the 1983 Chukchi investigation. With the

exception of a single cottid, they were the only species taken during the

winter program, the most abundant species collected at Pt. Lay during

summer, and the second most abundant species collected by otter trawling

from the ~over~. They constituted 36% of total catch at Point Lay and

21% of adjusted otter trawl catch (all stations combined).

Fyke net catch rate of Arctic cod was highly variable at Pt. Lay with

spikes in CPUE coinciding with sharp changes in local hydrography: the 19

July surge preceded a 5.5oC rise in temperature and a 6 ppt decrease in

salinity recorded on 20 July; a 4.5oC rise in temkrature and a 8 PPt drop

in salinity accompanied the 2 August pulse in CPUE and a 22 ppt decrease

in salinity occurred simultaneously with the 25 August surge (Fig. 6-l).
Griff’iths  et al. (1983) reported similar pulses of Arctic cod near the

Sagavanirktok River delta, however, they were always associated with

salinity incres9es. The nearshore abundance of Arctic cod is apparently

linked with hydrographic characteristics and/or movements in water mass.

6.1.1 Size
Arctic cod taken during the winter survey ranged in size from 45-100

mm fork length (FL) with a cumulative length-frequency distribution
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Figure 6-1. Daily catch rate (fish/h) of Arctic cod taken by Point Lay
fyke nets during July-August 1983.
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monomodal  at 65-69 mm (Fig. 6-2). Length was not significantly (P<O.05)

different among Stations 2, 3 and 4 (ANOVA). Results from Station 1 were

not used in any anslyses because of the small sample size (N=2).

Point Lay fyke nets took cod ranging from 40-265mm FL(Fig. 6-3).

The 18-27 July catch was dominated by small cod (-55-120 mm ‘L) whose
length-frequency distribution had a modal peak at 75 mm. The presence of

larger fish was more evident during the 28 July-u Au@st and 19-31 Au~st

periods, however, in both cases smaller individuals were still most

abundanL The latter sampling period was marked by a distinctive mode at

about 95-110 mm.

Otter-trawled cod ranged from 30-205 mm FL, however, the majority of

fish were less than120 mm(Fig. 6-4). Data from certain statiOnS (S, q,

5 and 6) suggested the presence of a smaller size cohort near 45 mm. Most

large specimens were taken at depths greater than 40 m (Stations 4, 5, 20

and 27) and at Stationls (20 m).

Lowry and Frost (1981) found length-frequency distributions for cod

taken in the Beaufort and Chukchi seas during August-September similar to

that for our otter-trawled fish. Their age analyses placed 1+ Arctic cod

at 71 mm with a length-frequency mode at 70-85 mm. One year old cod from

Simpson Lagoon averaged 84mm (Craig and Haldorson 1981). If we assume

our 85 mm cohort to be 1+ fish and further assume a preceding year growth

increment of 34 mm (Lowry and Frost 1981) then the 45 mm cohort observed

at Stations 3-6 may well cuntaln  young-of-the-year spawned in winter 1982-

83. These fish may be expected to be in the vicinity of 65 mm (winter

data) by March.

6.1.2 Dietary Analyses

6.1.2.1 ~. A total of 73 Arctic cod stomachs were

examined. A marked difference in stomach content weight (wet) was noted

for fish taken at the three locations. Mean stomach content weight

expressed as a percent of stomachless body weight increased as station

locations moved southwest; 0.7% at Station2.  2.2% at Station3 and 5.0%

at Station 4 (Table 6-1). Both ANOVA (subsequent to PROBIT

transformation) and Scheffets test analyses showed the difference to be

significant (P<O.05)  between stations. Regression of stomach content
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weight against stomachless body weight also revealed a significant

(P< O.01) linear relationship within each station (Fig. 6-5). A test for

homogeneity of slopes confirmed significant (P<O.05) differences in linear

relationships between stations. Within the temporal limits of our

sampling regime? Arctic cod taken at Ledyard Bay had consumed

significantly more biomass per unit body weight than fish taken at

Wainwright  while cod from the Wainwright  site had, in turn, consumed more

biomass than Peard Bay fistI.

Table 6-I. Wet weight of stomach contents expressed as a percent of
stomachless  body weight for Arctic cod taken at Peard Bay

(Station l), Wainwright (Station2) and Ledyard Bay (Station

3) ●

L S.D%

1 33 0.67 0.72

2 26 2*22 1.65

3 16 4.96 2.35

To determine if the apparent difference in feeding intensity between

locations was indicative of some longer term characteristic, length-weight
relationships were analyzed for the three groups. Regressions of natural

log (Ln) stomachless  body weight versus Ln fork length showed sig~fic~t

(P<O.01) linear relationships within stations (Fig. 6-6). Analysis  of
covariance was performed on body weight using the covariate length, and

the adjusted mean weight was found to be significantly (P<O.05) different

between Stations 2 and 4 and between Station9 3 and 4. There was no

significant (P<O.05) difference between Stations 2 and 3. Thus, fish in

the northern part of the study area had achieved significantly less weight

per unit length than fish of the same length from the southern part of the

study area.

Identification of stomach contents for Arctic cod taken at Peard Bay

was difficult due to the highly digested state of the relatively few

organisms present. Of the33 stomachs examined, 21% (7) were empty and

57% (19) had S0.01 g of wet weight mntenb Taxonomic identification was
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generally based on the presence of organism parts. This did enable a

broad-based classification of major food groups in terms of occurrence,

but did not permit a breakdown into biomass content.
ln terms of percent occurrence, copepods were identified as the

principle food item They were present in 100$ of the stomachs taken from

Wtinwright (N=24) and Ledyard Bay (N=16), but there was only a 97% (N=19)

occurrence in Peard Bay fish. Mysida were present in 38, 25 and 18% of

the fish from Peard Bay, Wainwright and Ledyard Bay, respectively.

Amphipods occurred less than 10% of the time at Wainwright and Peard Bay,

but did occur more frequently (38%) at Ledyard Bay.

Taxonomic classification of food items was more detailed for Arctic

cod taken from Ledyard Bay. The planktonic/pelagic  copepod,  ~

~was by far the most prominent preyy constituting 85% of wet

weight composition. The remaining biomass content was evenly divided

between gammarid amphipods and mysids.

6.1.2.2 ~. The stomachs of 141 Arctic cod taken at

10 different otter trawl stations were examined for content. In order to

eliminate fish size as

mm FL.

Food items varied

7). Benthic amphipods

a dietary factor all analyzed specimens were 80-95

considerably between stations (Table 6-2, Fig. 6-

(~ 9P*S ~ ~) and cumacea

Ua.aalM ~) were dominant at Stations 3 (9+10) and 13 while
pelagic/planktonic forms like decapod larvae, copepods (Qlaw,a &WWIQ,

~ XWWJW) and the amphipod ~ ~ were most

prevalent at Stations 5* 20, 21 and 27. Both benthic and

pelagic/planktonic  fauna were observed at Stations 6, 7 md 18.

Arctic cod appear extremely adept at exploiting a variety of food

sources and trophic niches. As pointed out by Lowry and Frost (1981),

this trophic adaptatiliby may contribute to their overwhelming success in

arctic marine waters.

6.1.3 St. Lawrence Island

Twenty Arctic cod taken off the mouth of the Fossil River ranged in
size from 146-214 mm All were males of uncertain reproductive status--at
least several were considered to be immature fish based on a testes weight
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of less than 0.1 g, while others appeared spawned out. The Arctic cod had

little food (average 0.2 g) in their stmachs and of identifiable  items?

copeipods  ( 47%)s deeapods (45%) and amphipods (7%) were most prevalent.

The fourhorn sculpin is a circumpolar marine spawner that is

extremely tolerant of low salinities (Percy 1975. Kendall et al. 1975).

They typioally overwinter in deep, offshore waters and migrate into

nearshoret brackish areas during summer to feed. OverWintering may also

occur in the deltas of large river systems (Ko61 and sche~~ 1974$ Craig

and Haldcmon 1981).
In the nearshore  waters of the Alaskan and Canadian Beaufort Sea, the

fourhornsculpin is one of the most abundant species (Grifi?iths  et al.

1975. Kendall etal. 1975, Griffithset al. 1977$ Bendock 1979* Craig and

Ha.ldorson 1981, Griffiths and GaLlaway 1982, Griffiths @t als 1983). This

was also the case in lagoon and nearshore waters in the vicinity of Point

Lay. This spec~es ranked third in numerical dominance, being exceeded

only by Arctic cod and capelin.

The average daily catch rates of fourhorn  scu.1.pin taken by fyke net

are shown in Figure 6-8. Daily catch varied markedly throughout the

season with sharp spikes in CPUE occurring on 19-23 July? 3 August, 20

August and 27-28 August. This trend again corresponds with the water

quality differences described in the catch summary, Section 5*3.2* The

tendency for fourhorn  sculpin to prefer nearshore areas during summer is

evidenced by comparing the Point Lay and~ catch data. While

nearly 20% (2845 fish) of the Point Lay catch consisted of fourhorn

sculpin,  this species accounted for only 4 of 7’747 total fish taken by

otter trawl in offshore waters. The four individuals were caught 1.6 km

off Point Lay at Station 10. All 10 fourhorn sculpin caught by m~

gill nets came from Station 7 located 1.6 kM off wainwrigh~.

6.2.1 Size

Sculpin taken at Point Lay ranged in total length from 35-275 mm.

ul of’ the 202 fish taken by gill net exceeded 80 mm in length (Fig. 6-91,

while fyke nets took fish ranging in size from 35=-265  mm (Fig. 6-Io). The
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most dramatic presence of a domtnant size cohort is in the 18-23 July
ocean fyke net data Better than 78% of the 591 sculpin measured were 40-

80 mm in total length with a distinct modal peak at60 mm. This group

probably represents a one-year-old age class (Cr-g and Haldorson 1981).

From 24 July=-4 August there was a more uniform representation of all

sizes.

The length-frequency distribution of fourhorn sculpin takenby the

lagoon fyke from 20-26 August was bimodal at 90 and 135 mm. Again,

assuming similar age-length relationships desoribed by Craig and Haldorson

(1981) for Beaufort  Sea sculpin, these two size cohorts should denote two

and three year old fish. The one year old size class again dominates

during the season’s last four days (28-31 July). The reason for this

smaller cohorts absence from 2c)-26 August is unclear.

The length-weight regression for fourhorn  sculpin taken at Point Lay

was :

Log Weight (g) = -6.4+3.6 Log Length (mm); r2=0.99,  N=17

or Ln Weight (g) = 14.7+3.6 Ln Length (mm)

This is similar to the relationship reported for fourhorn sculpin taken at

Simpson Lagoon (Craig and Haldorson 1981).

6.2.2 Reproductive Status

Only 16 specimens were examined; 12 of which were females and 4 were

males.

10.0%,

6.2.3

Gonad weight as percent body weight averaged 5.1%

SD=2.2) for fema3esand 7.1$ (range: 4.1-9.0%, SD=2.8)

Food Habits

(range: 3.8-

for males.

In terms of percent total wet weight content, fourhorn  sculpin (N=31,

115-275 mm TL) fed primarily on the isopod ~~ (65-73%), fish

(17-21%) and amphipods  (2-4%) (Table 6-3). Empty  stomachs occurred 21% of

the time. Dietary preference was similar for fish taken on both the

lagoon and ocean side of the barrier island. These three food groups were

also found in sculpin  taken from the Beaufort Sea (Percy 1975; Kendall et

al. 1975; Griffiths et al. 19?’5, 1977; Cra$g and Haldorson 1981),

however’, isopods and amphipods  were the two prevalent prey. The dominance



Table 6-3. Food items of fourhorn sculpin (115-275 mm TL) taken by gill
net at Point Lay from 3-29 August? 1983. Values are percent
wet weight composition followed parenthetically by number of
occurrences.

Lagoon Ocean
Food Item N= 13 N = 17

Plant
Pebble
Unidentified

~phemoptera  nymph
Cirripede larvae
Bivalve

Decapod shrimp
Polychaete
&@U21Jl@Z2WUl

Unidentified amphipod

==
Lysianassid

=~~
Total Amphipods

Mw.iau.umaua
M!zs.Lazs.u2ta

Total Mysids

Unidentified fish
Fourhorn sculpin
Arctic cod
Saffron cod

Total Fish

4 (2)
1 (1)
● (1)

●  (1)
●  (1)
●  (1)

81 (9)

● (1)
●  (1)

●  (1)
s (3)
● (2)

●  (5)
* (2)

6 (3)
● (2)
9 (3)

● (3)
6(’7)

4(4)
● (3)

65 (17)

*(2)

;(9)
Q(l)
10

1 (5) 4 (14)

a(l)

a- ~

8(3)

l; ( 6)
● (1)

J5 (7J 71 (10)

+<1%0
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of~~ in summer is contrary to results reported by Craig and
Haldcwson  (?981). Their study showed amphipods (49%) to be the dominant

food ttem followed by isopods (6$), mysids (6%) and fish (3%).

Interestingly, isopods became the major food source during winter (1977-

1978:60$, 1978-1979:78%) at Simpson Lagoon.

6.3 Capelin (l&l&&M ~)

The eapelin is a marine osmerid with a Pacific distribution

throughout Alaska and arctic Alaska (Hart 1973). Spawning t~es place in

shallow, nearshore areas.

Although capelin was the second most abundant species collected

during the Point Lay summer study, all but 2 of 3360 specimens were taken
within a three-day period from 1-3 August (Fig. 6-11). No capelin were

taken by otter trawl or gill net during the Uoverer cruise.
CapelX.n ranged in size from 110-155 mm FL with a single mode at 130

mm (Fig. 6-12). These fish were slightly larger than capelin caught in

Simpson Lagoon in 1979 (Craig and Haldomon 1981).

6.3.1 Reproductive Status

The capelin taken during 1-3 August were apparently part of a

spawning population. Egg sizes of ripeor nearly ripe females averaged

0.8 mm mm (range: 0.7-1 mm, N=29) and ovaries of no~spawned  individuals

averaged 19% (range: 10-25%, SD3.6, N=21) of total body weight. A number

of spawned out individuals were also taken. Spawning may have been

restricted to the seaward shoreline of the barrier island at Point Lay

since no capelin were taken in the lagoon itself (Schmidt and Craig, in

press). Paulke (1983) reported that this species spawns earlier (April to
July) at various locations in the Bering Sea. In southern British

Columbia, capelin  spawn in late September or early October (Hart 1973)

6.3.2 Age and Maturity

Capelin mature at an earner age than almost any other fish species

in the Arctic. The spawning population at Point Lay consisted almost

entirely (94%) of Age 2 fish (otolith based age)p with the remaining 6%
being Age 3. All but one male and one female were mature. Paulke (1983)
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found that although both age classes spawned in the Bering Sea, three-

year-olds were most pmvad.ent.

Males were generally about 10 mm longer than females, a fact also

noted by Paulke (1983). At Age 2, females averaged 123. I mm FL (range:

108-?38 mm, SD=6.9, N=36) compared to 134.7 mm for males (range: 127-143

mm, SD=6.1, N=I O). The only Age 3 fish in the collection were a 133 mm
female and two males, 147 and 152 mm FL.

The length-weight regression for a sample of capelin from Point Lay

was :

Log Weight (g) = -7.2+3.9 Log Length (mm); r2=0.82, N=61

or Ln Weight (g) = -16.7+3.9  Ln Length (mm)

6.3.3 Food Habits
Capelin were the most selective feeders of any of the fish examined.

While 60% of the 52 stomachs checked were empty, the remaining 14

contained only one identifiable prey. -Uttorti occurred in all 14

stomachs and accounted for -95% of total wet weight content. It should be

noted that the capelin examined were taken from fyke net catches and data

could reflect unnatural feeding circumstances. Fourhorn sculpin and

Arctic cod, for example, feed on fauna which becomes trapped in fyke nets.

6.4 Saffron Cod (~~)

Saffron cod are marine fish which generally inhabit nearshore areas

and often enter rivers (Morrow 1980). They spawn annuallyi,n nearshore

waters during winter. While their distribution is generally limited to

the northern Pacific Ocean, Bering and Chukchi seas, small numbers are

present in the Canadian and Alaskan Beaufort Sea (Percy 1975. Kendall et

al. 1975, Bendock 1977, Craig and Haldorson  1981~ Griffiths and Galaway

1982. Griffiths etal. 1983).

The 269 saffron cod taken at Point Lay constituted less than 2% of

the total catch. Taken primarily (99%) by fike net, the catch during the

18 JuLY-4 August sampling period was essentially limited to26 July, 1
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August and 3 August (Fig. 6-1 3). A more consistent daily catch was noted

during the latter half cd’ August.

Length-frequency distributions differed between the two summer

sampling periods at Point Lay (Fig. 6-14). From 18 July-4 August the

distribute.onwas monomodal  at 90 mm with a size range of 80-125 mm FL.

The distribution was hi-modal during 19-31 August with approximate modes

at 70-75 mm and 120 mm. Fish from the smaller size cohort were taken

primarily on 28 and 31 August.

Otolith aging wag not performed on saffron cod caught during this

study; however, determinations made by Craig and Haldorson (1981) for

specimens taken in Simpson Lagoon indicated a length range of 79-192 mm

for Age 1 fish and 145-242 mm for Age 2 fish. They concluded that the

growth rate of these fish were generally similar to that reported for

young saffron cod in Siberia (Andriyashev 1954). While growth rates for a

particular species may be expected to vary with geographic location, it is

likely that the 45-75 mm size cohort which appeared in Point Lay on 28 and

31 August represents young=-of-the-year  for this winter spawning species.

The length-weight regression for a sample of saffron cod taken from

Point Lay was:

Log Weight (g) = -5.3+3.1 Log Length (mm); r2=0.99,  N=16

or Ln Weight (g) = -12.1+3.1 Ln Length (mm)

All of the saffron cod caught during the QQcover~ cruise were taken

by ot te r  trawl. Fifth in numerical abundance, the 1090 specimens

represented 5$ of total catch. Most (83$) of these fish were taken at
four locations--72 at Station 12 (Utokuk Pass), 106 at Station 21 (Ledyard

Bay), 491 at Station22 (Ledyard Bay) and 263 at Station29  (50 km SE of

Point Hope). Length-frequency distributions at the four sites were

monomodal at about 60-65 mm FL (Fig. 6-15) which is similar to the
smaller, and presumably young-of-the-year, cohort fyke-netted  at Point Lay

during the last few days of August.

Three sexually mature saffron cod were taken at trawl Station 29.-two

females (260, 280 mm) and one male (300 mm). NO specimens were taken by

~ gill nets.
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6.4.1 Kotzebue
The sample consisted almost entirely of large, mature fish that were

approaching a spawning condition. The average fork length was 238 mm

(n=33, range=207-283  mm). Most were females (79) and all but one of each
sex were mature. Egg diameters of females averaged 0.9 mm (n=ll, SD=O.16,
range=O.6-l.l mm).

Only three fish (9%) in the Kotzebue sample had empty stomachs; the

rest had eaten fish (68% total wet weight content)? mysids (18%)j mostlY

~ ~, and decapods (13%).

6.4.2 St. Lawrence Island

Twenty saffron cod were jigged through the ice near St. Lawrence

Island in February 1983. They ranged in size from 231-345 mm FL (mean 290
mm, SD=31.5)  and all were spawned out males. Most were 3-6 years of age,

with two fish tentatively aged at 2 (otoliths  were brolcen and burned to
determine ages). These fish had eaten well as indicated by the amount of

food in their stomachs (average 4.2 g of ingested food). Major food items

were gammarid

mostly saffron

amphipods (58% of

cod and sculpins,

total wet weight content), fish (21%),

and polyehaetes  (16%).
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6.5 Pacific Herring (Clupea harengus pallasi)

The Pacific herring is a marine f’ish which is distributed along the

Norfih American coast from Cape Bathurst in the Canadian arctic to as far
south as Baja, California (Hart 1983). The bulk of the population lies

south of the Bering Straits and has been commercially exploited since the

early 19001s. Population density in the Chukchi appears to be low and

attempts to develop a herring fishery have been unsuccessful.

Spawning grounds are usually located in high energy, nearshore

environments nlth spawn being deposited on vegetation or on bottom
substrate which is free from silting (Haegele and Schweigert 1983).

Pacific herring are spring spawners and spawning occurs earlier in the

year for more southerly populations.

Except for four individuals taken by otter trawl, all of the herring

caught at Point Lay and during the Qjscovere& cruise were taken by gill

ne~ At Point Lay the 527 Pacific herring ranked fifth in abundance among

all fish caught. Pacific herring were taken at 11 of 14 Qissw gill-

net stations with 14 of 46 total fish coming from Station 14 located 20 km

off the Ledyard Bay coast.

6.5.1 Size.

with the exception of a single 120 mm individual, Pacific herring

taken at Point Lay rangedin size from 205-295 mm FL (Fig. 6-16). Their

length-frequency distribution was monomodal at 260 mm. Specimens taken by

Ri.scoverer  gill nets ranged in size from 185-290 mm FL with 90% of the

fish measuring~25 mm or x60 mm.

The length-weight regression for a sample of Pacific herring taken at

Point Lay was:

Log Weight (g) = 4.0 + 2.6 Log Length (mm), r2=.45, N=82

Ln Weight (g) = -9.2 +2.6 Ln Length (mm)

6.5.2 Reproductive Status

Both sexes were well represented in both the Point Lay (34 males, 48

females) and ~ (17 males, 18 females) samples.
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Figure 6-16. Length-frequency distribution of Pacific herring taken by
Point Lay gill nets during July-August 1983.

There is evidence that herring may have spawned in the Kasegaluk

Lagoon area during early summer. Gonad weight (as % body weight) for

males (Fig. 6-17) and females (Fig. 6-18) increased frcm low levels during

Au@st (Fig. 6-17). Eggs were miniscule (-0°1-002 ‘m) at the beginning of
the month but averaged 0.5 mm (range 0.2-1.0, SD=O.2, N=14) for females

taken after 23 August. Hay (1983) reported that most British Columbia

herring begin sexual maturation in late summer and become sexually mature

in the subsequent spring.

There waa no trace of young-of-the-year herring throughout the end of
the summer at Point Lay. Morris (1980) states that young herring may

attain sizes up to 100 mm during their first summer? however~  this figure

is probably associated with more southerly populations which spawn earlier

and inhabit warmer waters. Young fish may have been too small for our

fyke nets or may have moved offshore.
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Pacific herring taken at Point Lay in 1983. Included are
specimens reported by Schmidt and Craig (in press).
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6.5.3 Feeding Habits
Pacific herring (210-2$5 mm FL) gill-netted during the point Lay

study fed primarily on Mysis litoralis and, to a lesser extent, fish

(Table 6-4). Opportunistic feeding patterns are evident when the diets of

fish caught on the seaward side of the barrier islands are compared with

individuals gill-netted in the lower reaches of the Kokolik River (Schmidt

and Craig? in press). The calanoid  copepod~mora SP. accounted for 56%

of stomach content in river-caught fish, with mysids and fish larvae

constituting 17% each.
caught herring and

representative.

6.6

~sp. were totally absent from in-ocean-

Mysis litoralis became the dominant mysid

&real Smelt (~m4u2&c)

The boreal smelt lives in marine and brackish water but returns to

freshwater streams and lakes to spawn. Their arctic distribution extends

from Vancouver Island around Alaska to Cape Bathurst in the Canadian

arctic (Hart 1973).
A total of 304 boreal smelt were captured during the Point Lay

study--l34by fyke net and 170 by gill net. Among all fish, they ranked

seventh in abundance and made UP 2.2% of the total catch. There was a

marked absence of smelt in late July. All but one of the fyke-netted

smelt were capturei  at Station 2 (lagoon) after 19 August (Fig. 6-’l9) and

only six individuals were gill-netted prior to 3 Au~st.
Smelt were not caught far offshore. Station 3, located 1.5 km

offshore, caught only one individual during a total of 14.6 net-days

(bottom and surface nets), however, they were taken by lagoon and

nearshore ocean gill nets. Boreal smelt appear to prefer the bottom of

the water column, at least when traveling seaward of the barrier islands.

All but one of 77 fish taken at gill net Station 4 (depth 8 m) were caught
in the bottom net.

Otter trawls accounted for only one boreal smelt, however, 33

individuals were taken by~ gill nets. Of these, three were
captured 1.5 km off Point Lay (Station 1) and the remainder within 1.5 km

of liainwright--28  at Station7 (0.75 km) and two at Station 8 (1.5 km).
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Sendock (1977) aMo reported a COnCent~atiOn of bore~ sm@~t off’ we K~k

River near Wainwright.

6.6.1 Size and Age

Gill-netted fish taken at Poi.nt Lay ranged in size from 120-300 mm

FL, however, a strong modal peak was apparent from 220-230 mm (Fig. 6-20).

The length-frequency distributionof  boreal smelt captured byf’yke net

showed a multimodal configuration containing distinct aggregations in the

50-70 mm and the 85-125mm range (Fig- 6-2~)0 Amoree~en distrib~tion

was evident from 195-270 mm. The August oatch showed size related

variations in daily catch. Fish greater than 130 mmwere taken from 19-26

August but were completely absent

70 mm size cohort showed up on28

the sampling effort.

from 27 August onward. The smaller 50-

August until the 31 August conclusion of

Table 6-4. Fond items of Paoifio  herring (210-2g5  mm PL) taken by gill net at Point Lay during
summer 1983. Values are percent wet weight composlt$on  followed parenthetically by
number of occurrences.

FOOd Item

Plant
Pebble
Unidentified

Errant polychaete
Cumaces
iMILdJIM.MmQn

Calanoid
!MJUUM@3J2iaM
MllQCa ~P.
Cyclopoid
Harpactecoid

Total Copepods

Unidentified amphipod
QiSIMualUtQl@M
Lysianassid
Oediceroid
MMPM.Qa =fi.nla

Total Amphipods

Unidentified mysid
MYaia MM.QMIQ
MY.912JXliQKa
l@mXSia  9P.

Total Uysids

Fish larvae
Arctic cod
Fourhorn  sculpin
Sand lance

Total Fish

Ocean: 3.5 August Riverl: 5 August Ocean: 24-29 August
11=1 1 N=18 N=25

@(l) * (11) S(7)

19 (11)

● (l)
● (1)

6(1)
● (I)

● (2)

-

43 (lo)

24 ( 2)

i(l)

S(2)
11 (?1)

*(1)
● ( l )

56 (18)
*(1)
* ( 9 )

6 (21

E(2)

_s_U-

@(3)
k (11)
7 ( 4 )
2 ( 3 )

47 [Iol

17 ( 6)

ll_fa-

~(3)
e(2)

*(2)
6 ( 5 )

~(l)
~(l)

57 (18)

● (3)

e(2)
* ( 2 )

_L(_21 ● (5)

● ( l )
81 (20)
~(2)
2(4)

17 (Q

4 ( 3 )
● (1)
2 ( 1 )
5 ( 2 )

17 [ 6) 8 ( 71

lSchmidt  and Craig (in press).
*<1;.
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Figure 6-19. Daily catch rate (fish/h) of boreal smelt taken by Point
Lay fyke nets during July-August 1983.

Age analyses were not performed on boreal smelt, however, otolith

studies conducted by Craig and Haldorson  (1981) indicated approximate

length ranges for Beaufort Sea smelt of 56-89 mm and 90-142 mm for Age O+
and 1+ fish, respectively. North Atlantic and Great Lake populations

yield an approximate 1+ length of 111 mm (Morrow 1980). If these

characteristics hold true for Chukchi smelt then the smallest size cohort

observed in our fyke net data may represent young-of-the-year. The lack

of young-of-the-year fish in f’yke net catches prior to 28 August ❑ ay

reflect gear inadequacies (25 mm mesh leads) rather than the absence of
young smelt in Kasegaluk  Lagoon. Fry spawned at the beginning of the

summer are 5-6 mm tn length. The estuary system could, in fact, serve as

first-year feeding and nursery grounds.

The

which lS

t a k e n  a t

length-weight regression for kreal smelt taken at Point Lay was:

Log Weight (g) = -5.9+3.3 Log Length (mm); r2=0.98, N=58

or Ln Weight (g) = -13.6+3.3  Ln Length (mm)

nearly identical for the relationship determined for boreal smelt

Simpson Lagoon (Craig and Haldorson 1981).
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Figure 6-21. Length-frequency distribution of boreal smelt taken by
Point Lay fiyke nets during July-August 1983.
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6.6.2 Reproductive Status

Analyses of reproductive status revealed the following breakdown: 21

sexually mature males (207-2E0 mm FL)~ 23 sexu~ly mature females (200-262

mm FL), 9 immature males (104--182 mm FL) and 3 immature females (111-200
mm FL).

Average gonadal weight for mature males averaged 8.1% (range: 4.6-

10.2%, SD=2.8, N=21) of body weight, but was only 1.2% (range: 0.7-1 .8%,

SD=O.6, N=3) in immature fish. These values are much higher than those

reported for Beaufort Sea smelt where mature males averaged 3.4-4.9%

gonadal weight yea>round.

A consistent increase in ovary weight occurred during July and August

(Fig. 6-22). This apparent post-spawning gonadal recovery along with the

presence of apparent young-of-the-year fish in August, the report of a
sexually ripe female near Point Lay in mid-June (Schmidt and Craig$ in

press) and the fact that boreal smelt do not to undergo extensive coastal

migrations (Morrow 1980) make it very likely that the major rivers

(Kokolik, Utukok, Kukpowruk) which feed Kasegaluk Lagocn are spawning

sites for boreal smelt.

The 33 boreal smelt taken by Uscoverer gill nets near Wainwright

ranged in size from 195-215 mm FL and all identifiable specimens appeared

sexually maia.we (18 males~ 6 females).

6.6.3 Feeding Habits

Stomach analyses of boreal smelt gill-netted from 19-22 August showed

them tobe strongly piscivorous (Table 6-5). Fish accounted for 65% of

total wet weight content, with l&s@A~ (25%) being the only other

prominent prey (Table 6-5). The dominance of Arctic cod in their diet

reflects the high densities of this species in nearshore water. Schmidt

and Craig (in press) likewise found fish (58%) and ~~-a to be

primary food items during June to early August.

6.7 Arctic Flounder (Liopsetta glacialis)

The Arctic flounder is a shallow water flatfish not typically found

far offshore. Its distribution is almost circumpolar and covers the
Canadian and Alaskan Beaufort seas, through the Chukchi Sea, and down the
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boreal smelt taken at Point Lay in 1983. Included are
specimens reported by Schmidt and Craig (in press).
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Table 6-5. Food items of boreal smelt (165-280 mm FL) taken by gill net
at Point Lay from 22 July-26 Au~st, 1983. Values are percent
wet weight composition followed parenthetically by number of
occurrences.

Boreal Smelt
Food Item N = 21

Plant ● ( 5 )
Pebble *(1)
Unidentified 1(3)

Unidentified amphipod
Lysianassid
~~

~~
~~
Oedicerotid

Total Amphipods

● (l)
*(2)
● (1)
1(3)
1(6)
*(3)
S(4)

? (11)

l&aialiM2uus 30 (16)
mpiaiay ● (2)

● (l)
Total Mydids ?1 (161

Unidentified fish 2(2)
Arctic cod 60 ( 6)
Fish larvae 2(2)

Total Fish 65 ~ ~z
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Bering Stratt to Bristol Bay, Spawning usually takes place in shallow

coastal areas in late fall or winter (Morrow !980).

During the 1983 Point Lay study? 1910 Arctic flounder were taken

primarily by fyke Ret (94%). In termsof total catch they ranked fifth?

accounting for 12% of all fish taken. Daily catch rates showed a trend

similar to most other species with spikes occurring from 19-21 July and on

1 August during periods of sharp hydrographic  transition (Fig. 6-23).

6.7.1 Size
Because of the tendency for Arctic flounder to congregate in shallow

nearshore waters during summers it was not surprising that only two

individuals were caught as part of the~ cruise. One 280 mm

adult was taken by otter trawl at Station 27 (8o km off Ledyard Bay coast)
and another 260 mm individual was taken at gill net Station 1 (0.8 km off

Point Lay).

Arctic flounder taken by gill net ranged in size from 75-240 mm TL

(Fig. 6-24). Length-frequency distributions of fyke-netted flounder taken

at Point Lay revealed two primary size aggregates (Fig. 6-25). The

smaller group ranged in size from 30-55 mm TL with a mode at about 45 mm.

The remaining majority were part of an extremely broad based group

covering the 85-240 mm size range. Length-frequency distributions for

this larger group were monomodal at about 130-140 mm total. length during

khe 18 July-4 August period (747 fish) but size distribution was rather

flat for the 19-31 August period (?89 fish). All Arctic flounder

comprising the smaller cchort were taken prior to 27 July with the

exception of three individuals caught on 28 August.

6.7.2 Age and Growth

Although this species has been collected in theUSSR (Andriyashev

1954), the Beaufort Sea(Griffiths et al. 1975, Percy 1975, Jones and Den

Baste 1978, Bond 1982. Griffiths 1983, Griffiths et al. 1983), the Bertig

Sea (Barton 1979), and various North American locations (Walters 1955), in

most cases very few Arctic flounder have been examined in detail and so

life history information for this species is fragmentary. Data analyses

in the following discussions 3.nclude  specimens caught in this study as

well as those collected by Schmidt and Craig (in press).
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The Point Lay sample ramged in age (otolith analysis) from youW-of-

the-year to Age 12 fish, but most Arctic flounders were o-6 years old

(Table 6-6). Males and females differed in longevity and growth rate;

females lived longer and were generally 2 cm larger than same-age males

(Table 6-6, Fig. 6-26). This sexual dimorphism has been noted by others

(Andriyashev 1954, Malters 1955).

The Arctic flounder is a slow growing species and the population at

Point Lay grows more slowly than populations in the Barents or Beaufort

seas (Fig. 6-2’7). Reasons for this relatively slow growth are not known.

6.7.3 Reproductive Status

Arctic flounder at Point Lay reach sexual maturity at Ages 4-6 (Table

6-7) which is similar to that recorded for this species in the Barents  Sea

(Andriyashev  1954). Size at maturity was 130-159 mm for males and 150-189

mm for females (Fig. 6-28).

Arctic flounder spawn in mid-winter at which time egg sizes are 1.O-

1.5 mm(Andriyashev  1954). Morrow (1980) notes that mature fish sPawn

only once every two years. At the onset of our study in late June, the

ovaries of mature females contained eggs measuring 0.3-0.8 mm and a few

retained eggs (2.0-2.0 mm) from a previous spawning. Gonadosomatic

indices (percent ovary weight/body weight) for these known spawners was

1.6-6.5% during the period 25 June-4 July 1983 (Fig. 6-29). By late

summer (24 August-1 September)9 egg sizes had increased sllghtly to 0.5-

1.0 mm and gonadosomatic indices of mature and maturing females were 7.2-

14.6% (Fig. 6-29). Nine mature or maturing males caught in mid-summer (3

August) bad gonadosomatic indices of 2.7-6.75.

6.7.4 Food Habits

Of the 71 Arctic flounder stomachs examined, over78% were empty.

Those which had eaten, consumed polychaete and unidentified worms, the

isopod ~ ~ and the amphipod ~ ~. An

interesting change in diet was noted when stomach content for the Arctic

flounder gill-netted from late July-August was compared with that recorded

for Arctic flounder taken from 4-20 July (Schmidt and Craig, in press).

Major prey items during the first period were Q. XLALQ (39%), S.

~ (28S) and polychaetes. After 22 July, polychaetes  and other worms
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Table 6-6. Age and length relationships of arctic flounder at Point Lay, 1983. Ages were determined by
otolith (break and burn technique.

A63Q
o
1
2
3
4

;
7
8
9

10
11
12

Totals

nm.an
5
9 70
2 91 ( 90-91) 0.7 0
4 125 (109-138) 9.5 0
6 161 (139-187) IB.2
19 171 (154-195) 12.9

::

17 181 (152-200) 14.8 76
10 201 (188-210) B.2 100
12 207 (190-219) 9.1 100
10 210 (165-229) 19.4 100
6 214 (206-223) 6.3 100
5 231 (220-246) 9.9 100
2 241 (238-243) 3.5 100

-Ei

1 136 - - 0
1 143
4 146 (14 C148) 117 7:
3 168 (158-177) 9.5 100
4 175 (170-179) 3.8 100
3 1 B1 (178-186) 4.4 100
1 185 - - 100

$ MN*
Population

n 17?1)
;2
15
6

21

1;
8
5
4
3
2
1
0.3

101.3

@Includes  unsexed fish Ages O-2.
~aBased on a length stratified subsample of fish ages applied to the total catch (Ricker 1975).
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Figure 6-27. Growth patterns of Arctic flounder taken at Point Lay
during summer 1983 and other areas.
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constituted 83% of Arctic flounder df.et. These infauna were found to be a

prey source in E9eaufort Sea sfiudies but not to this extent (13endock 1977,

Craig and Haldorson 1981).

Admittedly, sample sizes are small, however, such changes could

result Trom fluctuations in overall prey density, changes in predator/prey

size relationships or spatial discontinuity in prey distribution In any

event~ these data illustrate the trophic adaptability in Arctic flounder.

Table 6-7. Food items of Arctic flounder taken by lagoon gill nets at
Point Lay during summer 1983. Values are percent wet weight
composition followed parenthetically by number of occurrences.

4-20 July 22 July-29 August
Food Item ~=91 (170e230 ~ TL) N=9 (165--225 mm TL)

Plant
Pebble
Unidentified

Chironomid larvae

Polychaete (tube)
Unidentified worm
lia@.@lfXlQ2WQ

Calanoid

Unidentified amphipod
QllQima~
Qr&QJIWJ&tQ@Lk
Lysianassid

=~~
Oedicerotid

Total Amphipod

Unidentified mysid
&SJ.S?liLMUQQ
&&LQl!QIQ.@

Total Mysids

● (2)
* (2)
4 (8)

● ( 4 )

17 (7)

2; (8)

39 (9)
1 (1)
4 (6)
2 (6)
4 (9)
* (2)

● (1)
● (1)

3 (3)
= (1)

48 (9)
35 (4)

4 (5)

●  (1)

●  (1)

4 (3)
4 (1)

‘Including six specimens reported by Schmidt and Craig (in press).
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Figure 6-28. Size at maturity for Arctic Flounder taken at Point Lay
during summer 1983.

6.8 Pink Salmon (Oncorhynchus gorbuscha)

Pink salmon are an anadromous species which spends its adult life at

sea, then returns to natal streams to spawn. Their distribution covers

coastal regions from southern California to the Canadian Beaufort Sea.

The 34 pink salmon caught during the Point Lay study were only a

small portion (0.002%) of the total catch. No pink salmon were taken

during the ~ cruise. Point Lay fish ranged in size from 385-5o5

mm FL The length-weight regression was:

Log Weight (g) = -4.6 Log Length (mm), r2=().80, N=25

or Ln Weight (g) = -9.8 Ln Length (mm)

6.8.I Reproductive Status

Out of a subsample of 2’/’ salmon, females [21) far outnumbered males

(6). All fish were sexually mature and apparently positioned for a late

summer spawning run. The gonadosomatic  index (ovary weight/body weight)

for females averaged 14.47 (range: 10-1-18.8$ SD=2.1, N=19) and egg

diameters averaged 5.2 mm (range: 4.7-5.7 mm, SD=O.3, N=20).
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6.8.2 Feeding Habits

Halt’ of the pink salmon examined had empty stomachs. The remaining

12 individuals had fed primarily on fish (’74%)$ the arnPhiPod Onisirnus
litoralis (12%), and Mysis Iitoralis (6%) (Table 6-8).

Table 6-8. Food items of pink salmon (422-505 mm FL) t~en by gill net at
Point Lay from 1-4 August, 1983. Values are percent wet
weight composition followed parenthetically by number of
occurrences.

Pink Salmon
Food Item N = 12

Plant *(4)
Pebble 6(2)
Unidentified 5 (lo)

Juvenile decapod ● (3)
Euphausid ● (2)

Unidentified amphipod

~-P  ●

JL&.LuSG5@lWWa
~dUSSxMm
Oedicerotid

Total hlphipOdS

*(1)
12 ( 6)
● (1)
1(3)
● (2)
● (2)
● (I)
● (I)

J2 ( al

Unidentified mysid ● (I)
m~ 6(9)

~(2)
=7 ● (1)

Total Mysids 7 (Iol

Fish larvae 16 ( 8)
Fish egg ● (1)
Arctic cod 58 ( 6)
Unidentified flatfish ● (1)

Total Fish 74 (10)

● <l% .
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6.9 Arctic Staghorn Sculpin (~~)

The Arctic staghorn sculpin is a demersal, marine fish with a

circumpolar distribution. Tolerant  of wide temperature and salinity

fluctuations they are typically found in cold, marine waters at depths

ranging from 0-240 mm (Andriyashev 1954).

This species numerically dominated otter trawl catches. Staghorns

numbered 11,006 individuals and constituted 52% of all fish taken. They

were present in 24 of 25 (7-48 m depths) trawls but none were caught by

~ gl~l nets. P-Jo staghorn sculpin were taken in Kasegaluk Lagoon

or adjacent shallow waters.

Staghorns ranged in size from 25-135 mm TL. The length-frequency

distribution showed a primary mode at about 40 mm and a secondary mode at

?’0 mm (Fig. 6-30). Tentative data reported by Andriyashev (1954) would

age the 40 and 70 mm size cohorts as 1+ and 2+, respectively. Length-

frequency distributions did vary among stations but no discernible

geographic pattern was evident.

6.10 Shorthorn Sculpin (~scor~i@

The shorthorn sculpin is widespread in arctic waters and is found as

far south as the Bering Sea (Walters 1955). Taxonomically,  this species

is characterized by great variability in meristic and morphological

features and is represented by several geographically distinct races.

Shorthorn sculpin were the third most abundant species taken by otter

trawl. Present In 23 of 25 tow samples, the 172s specimens comprised 8%

of total catch. Fish ranged in total length from 30-215 mm. There was a

notable absence of large fish (>65 mm) in all samples (Stations I-18)

collected northeast (inclusive) of the Point Lay transect--the

distribution was monomodal  at 40 mm and excluding one 115 mm specimen,

ranged from 30-65 mm TL (Fig. 6-31). Cumulative length-frequencies for

all samples taken southwest of the Point Lay transect (Stations 20-29)

showed better representation of larger fish The multimodal distribution

contained distinct peaks at 40 and 70 mm. A 40 mm cohort would correspond

with the O+ age class in European representatives of this species (Bigelow

and Schroeder 1953) and is probably the case with Chukchi specimens.
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Figure 6-30. Length-frequency distribution of staghorn sculpin tak~>n by
otter trawl during the 25 August-13 September 1983
Discoverer cruise.

Four additional shorthorns were taken by gill net--two (185 and 315
mm) at Station 7 (0.8 km off Wainwright)  and two (140 mm each) at Station

11 (1 km off the Ledyard Bay coast). No specimens were taken during the

Point Lay study.

Assuming that otter trawls sampled representatively, reasons for the

virtual lack of large shorthorns in the northeast half of the study area

are unclear. If spawning took place along the entire Chukchi coast one

would expect to find a significant trace of older fish. Older

representatives would also be expected if the specimens taken at Stations

1-18 were a separate race. Even if spawning was localized around Cape

Lisburne and the northeasterly group were the result of pelagic fry

dispersed by the Alaskan current, larger members should show up provided

the species can survive their first winter. One alternative is that the

observed presence of shorthorn sculpin northeast of Ledyard Bay reflects

an anomaly in the distribution of pelagic fry caused by 1983 patterns in

coastal current.
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Figure 6-31. Length-frequency distributions of shorthorn sculpin taken
by otter trawl during the 25 August-13 September 1983
Discoverer cruise.
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6.11 Hamecon (Artediellus scaber)

The hamecon is a marine cottid belonging to a genus commonly referred

to as hookear sculpin~ Morphometrically and merist.ically similar to its

Atlantic counterpart, the Arctic hookear sculpin (~. ~s), the

hamecon is found in coastal waters from the Kara to the Chukchi  Sea as far

south as the northern Bering Sea (Walters 1955)0

A total of 832 hamecon were taken by otter trawl which ranked it

fourth unadjusted deep water (>14 m, 25 ft trawl) catches and third in

adjusted shallow water (<14 m, 12 ft trawl) catches. Specimens were

collected at all depths (7-48 m). The cumulative length-frequency

distribution was monomodal  at 30 mm, strongly skewed and ranged from 20-80

mm IL Length distribution varied among stations without a distinctive

pattern. The one exception was Station 20 located 150 km northeast of

Cape LisbWurne  at which most of the larger specimens were taken (Fig. 6-

32) .

6.12

Five additional species of

Other Sculpins

the family Cottidae were taken during the

1983 Chukehi study--four occurred solely in otter trawl samples (ribbed
sculpin, ~ ~; antlered sculpin, Enophrys diceraus; eyeshade

sculpin, Nautichthys pribilovius; spatulate sculpin, ~ ~, and

the fifth was taken only at Point Lay (great sculpin, Oxoc eDhalus

polyacanthocephalus)  .

6.12.1 Ribbed Sculpin
The ribbed sculpin is circumpolar in distribution ranging south to

the Bering Strait (Walters 1955). The 182 specimens taken by otter trawl

ranged in size from 35-130 mm TL.

6.12.2 Great Sculpin

There is a possibility that this species may have been confused in

the field with the morphometrically similar & ~. The Bering Sea is

the northern limit for~~ _ *,while M @ is found in

arctic Alaska (Wilimovsky 1956). Thirty specimens (80-185 mm TL) were

taken at Point Lay.
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6.12.3 Antlered Sculpin
Typically found south of the Bering Straits this species is a coastal

water inhabitant (Andriyashev 1954). All 20 specimens were taken at

Station 29 located 50 km southeast of Point Hope. They ranged in size

from 50-110 mm FL.

6*12.4  Eyeshade Sculpin

The eyeshade scuipin is also typically encountered south of the

Bering Straits but has been reported for the Chukchi Sea (Quast and Hall

1972). Andriyashev (1954) reported that this species serves as an

indicator of warm water in the northern Bering Sea Five individuals (30-

50 mm TL) were taken at trawl Stations 7, 17 and 18.

6.12.5 Spatulate Sculpin

Spatulate sculpin are distributed in coastal waters from the Kara Sea

eastward to Greenland and south to the Bering Sea( Walter 1955). A single

individual (35 mm ‘IL) was caught at trawl Station 18 near Wainwright.

6.13 Other Flatfishes

Three additional species of flatfish were collected as partof the

1983 Chukchi study: yellowfin sole (~ asDera), longhead dab

(Limanda  proboscidea), and Alaska plaice (Pleuronectes quadrituberculatus),

6.13.1 Yellowfin Sole

The yellowfin  sole was the numerically dotninant  flatfish takenby

otter trawl. The 44 specimens ranged in size from 35.-115 mm FL. Twenty-

five individuals were taken at Station 21.

6.13.2 Longhead Dab
A total of 14 longhead dab were collected during the 1983 Chukchi

study; 12 (80-155 mm TL) at Point Lay and 2 (140 and 150 mm TL) at

12i~~ gill net Station 1 located 0.8 km off Point Lay.

6.13.3 Alaska Plalce
A single Alaska plaice (140 mm TL) was taken by ~scoverer gill nets

at Station 1.



6.14 Other Anadromous Fishes

Four additional anadromous species were collected at Point Lay:

three Arctic char ~~- 180, 185 and 247 mm FL); tno least

Ci.sco (~ ~ - 100 and 135 mm FL); two Bering cisco

(~~ ~ - 330 and 375 mm FL); and one chum salmon

~JggQL- 665 mm FL).

6.15 Sand Lance (Ammodytes hexapterus)

The sand lance is a marine fish which leads a varied life. They are

found in nearshore or offshore waters, sometimes in large schools, and may

bury themselves in either nearshore or offshore sandy substrates. They

range from southern California through the Beaufort  Sea (Walters 1955).

A total of 38 sandlance were taken by otter trawl at Stations 1, 3,
7, 8, 12,21 and28. They ranged insizefrom 85-l 60 mm FL. A single 95

mm individual was taken by fyke net at Point Lay. While this species

ranked eighth in adjusted catch for deep water otter trawl stations, Quast

(1972) found it to be one of the most abundant species during a 1970
sampling of the NE Chukchi Sea.

6.16 Walleye Pollock (Theragra chalcogramma)

The walleye pollock is a member of the cod family and generally

ranges from the Bering Sea to central California (Hart 1973). The

specimens taken by otter trawl during this study reflect the northern

limits of this species range. Of the 28 individuals caught, 13 were taken

at Station 29 (50 km SE of Point Hope), 10 at Station 28 (5 km off Cape

Lisburne), 1 at Station20 (100 km NW of Cape Lisburne) and 4 at Station

22 (2o km off the Ledyard Bay coast). Specimens ranged in size from 110-

165 mm TL.

6.17 Snailfish (~Spp.)

Snailfish belong to a family (Cyclopteridae)  of small northern fish,

many of which have modified pelvic fins forming a ventral adhering disc

220



presumably for attachment to rocks or other hard substrate. Their

distribution is primarily neritic. Otter trawls collectd  50 individuals

ranging from 50-90 mm TL.

6.I8 Sturgeon

This bottom dwelling

coastal waters from Oregon

Seapoacher (~~)

member of the family Agonidae

to Point Barrow (Walters 1955).

is found in

Twenty-seven

specimens were collected during the 1983 survey, three (45-65 mm TL) from

Point Lay gill nets and 24 (35-90 mm TL) from otter trawl samples. All

otter trawled specimens were collected in <22 m of water (Stations 1$ 3,

8, 12. 21 and 26).

6.19 Arctic Alligatorfish (Aspidophoroides olriki)

A member of the poacher family, this demersal, marine species is

found in arctic Alaskan waters as far south as the northern Bering Sea.

All 15 specimens (45-70 mm TL) were taken by otter trawl at Stations 6, 7,
13. 20. 25and 28.

6.20 Eelpouts

Six representati,vesof  the demersal, marine family Zoarcidae were

taken by otter trawl during the 1983 Chukchi cruise--the fish doctor

Q&ml@&l ~), saddled eelpout (_Lvcodea ~), Arctic eelpout

(~~), polar eelpout (L~,polti), archer eelpout

~~and~ ~. Tentatively identified

from McAllister et al. (1981), these species are pending taxonomic

verification.

6.20.1 Fish Doctor
The fish doctor is a circumpolar, demersal species typically found in

coastal waters less than 100 m in depth (Andriyashev  1954). The 37

specimens taken by otter trawl came from only five stations (6, 13, 18, 20

and 29) which covered depths of 20-47 m. Five individuals came from

Station 29. Fish ranged in size from 55-120 mm TL.
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6.20.2 GmnsLia MUaaA&w
Three specimens (8o, 90 and 100 mm TL) of this rare species were

caught at Station 6 located 32 km off Point Lay in 29 m of water.

6.20.3 Saddled Eelpout

This species Is known from the Bering and Chukchi seas and has been

reported to occur in the Beaufort Sea (Frost and Lowry 1983). A single

specimen (50 mm ‘IL) was taken at Station 16 near Wainwright.

6.20.4 Arctic Eelpout

Five specimens (115-2sOmm TL) were collected, three at Station20

and two at Station 27.

6.20.5 Polar Eelpout

Polar eelpout  are distributed from the Kara Sea east to Greenland and

as far south as the Bering Sea (Andriyashev  1954). All three specimens

(85, 120 and 135 mm TL) were taken at Statlon27 in Ledyard Bay.

6.20.6 Archer Eelpout

This species is considered to be a deep water inhabitant. The single

95 mm specimen was taken in 44 m of water at Station 27.

6.21 Pricklebacks

Otter trawls caught three species of the family Stichaeidae--fourline

snakeblenny (Eumesogrammus praecisus), slender eelblenny (Lumpenus

~, and Arctic shanny (~ ~tatw.

6.21.1 Fourline Snakeblenny
The species is rare to arctic Alaskan waters. Frost and Lowry (1981)

collected two specimens off Wainwright. Two specimens measuring 85 and 95

mm TL were taken 100 km NE of Cape Lisburne (Station 20) in 47 m of water.
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6.21.2 Slender Eelblenny
Often considered circumpolar  in distribution, the slender eelblenny

ranges from the Eeaufort to Bering seas [Walters 1955). With 538

specimens taken, this species ranked sixth In total abundance. Lengths

ranged from 50-185 total length.

6.21.3 Arctic Shanny

This coastal, marine species is found from the western Beaufort Sea

to the Bering Sea (Walters 1955). Eighteen specimens were taken by otter
trawl--1 (95 mmTL) at Station 13, 3 (90, 95 and 120 mm TL) at Station28

and 14 (50-110 mm TL) at Station 29.

6.22 Whitespotted Greenling (Hexagrammos

This species is known primarily from

Sea. one specimen (70 mm TL) was collected

TL) at Station 29.

the North

stelleri)

Pacific and Bering

at Station 21 and one (120 mm

6.23 Threespine Sticklebacks (gaster steua~ul ao e tua)

Pacific populations of threespine sticklebacks are typically found

from Baja, California, to St. Lawrence Island (Morrow 1980); however,

specimens have been reported from Simpson Lagoon (Craig and Haldorson

1981). A single 87 mm specimen was taken by Point Lay fyke net.
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7.: IMPACT VULNERABILITY AND GENERAL DISCUSSION

The main purpose of this study is to profile fishery processes in the

NE Chukchi Sea and to determine their potential vulnerability to proposed

oil and gas development associated with the “Barrow Arch Sale No. 85N. Of

particular interest are fish species which constitute important trophic

links in the overall food web or are important to regional subsistence

fisheries. Such impact appraisals are, toa certain degree, limited in

soope because of the lack of scientific information previously accrued for

the Chukchi area Nevertheless, certain characteristics of this system

appear unique, particularly when gauged against fishery dynamics of the

adjacent Beaufort and Bering seas.

The following section addresses the vulnerability of NE Chukchi Sea

fish species to potential OCS impacts. The species covered are reported

to be important subsistence and/or forage fish: ciscces, whitefish,

Arctic char, chum salmon, pink salmon, Arctic cod, saffron cod, capelin,

fourhorn sculpin, sandlance and Pacific herring.

7.1 Effects of Development

Industrial activities associated with oil and gas development may

impact the environment in several ways. The presence of drilling and

support facilities such as man-made islands and causeways physically

remove part of the marine environment that would otherwise be used by

local fauna. These facilities may also act in modifying physical

characteristics of temperature, salinity, turbidity, current and noise,
thereby altering (either positively or negatively) the ecological

usefulness of local environs. Other impact sources include toxic

additicns  such as discharges generated as natural by-prcducts  of drilling

activity and oil spflls.

The severity of any such industrial impact is related to the timing
and locaticn of the perturbation. Mild, and at times seemingly innocuous

descriptions such as changes in local hydrography and low level drilling

discharges, may adversely affect a population if they persist for long

periods of time. Severe but spatially limited impacts may be biologically

amplified if they occur at critical locations such as spawning grounds,
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feeding areas or across major migratory pathways. Further potential

damage to the stab$lity of tise biological system need notbe direct but

may manifest itself as a disruption of the trophic chain.

?’.2 Physical Environment

Temperature has repeatedly been demonstrated to be an important

controlling factor in the biology of fishes. Nearly every facet of their

physiological and biochemical character is thermally dependent. There are
correlations between temperature and growth (Brett 1967, Brett et al.

1969, McCormick et al. 19~2, Brett and Glass 1973, Shelbourne et al.

1973), the amount of food ingested (Kinne 1960, Brett and Higgs 1970),

embryonic development and hatching success (Edsall lg70, Cclby and Brocke

1973, Austin et al. 1975), resistance to infection (Amend 1970, Plumb

1973), and migratory behavior (McCleave 1978, Olla 1980). Further,

laboratory studies have shown that fish will gravitate toward thermal

levels which maximize physiological performance (Fry and Hart 1949, Fisher

and Elson 1950. Brett 1971), scope for activity (Brett 1964, Beamish 1970)

and growth potential (McCauley and Casselman 19S0, Jobling 1961).

Although studied to a much lesser extent than temperature, salinity

can affect a fishes metabolic rate, (Rao 1968, Hettler 1976), growth rate
(Otwell and Merringer 1975. Hettler 19T6) and hatching time (Kinne and

Kinne 1962, Forrester and Alderdice 1966). Salinity can also modify
thermal preferences (Kinne  1960, Garside et al. 1977, Fechhelm et al., in

press) .

From an ecological standpoint, OCS.induced alterations in temperature

and salinlty structure, as well as in other abiotic factors like turbidity

and dissolved oxygen content, could jeopardize population success in a

Variety Of ways. Potential damage would be greatest for species which

depend upon the physical structure of a spatially limited environment

(i.e., nearshore areas).
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7.3 Anadromous  Fish

7.3.1 Ciscoes, Whitefishes,  Arctic Char, Chum Salmon

A notable finding of the 1983 investigation was the small number of

anadromous fish taken in NE Chukchi waters. This contrasts sharply with

Beaufort Sea studies in which Arctic cisco, Arctic char, least cisco,

broad whitefish and humpback whitefish made up a conspicuous portion of’

survey catches (Craig and Haldorson 1981, Griffiths and Gallaway 1982,

Griffiths  et al. 1983). The presence of these species in the Beaufort Sea

reflects that regionrs ability to successfully support anadromous  fish

stocks. Major freshwater drainages such as the Mackenzie, Colville,

Sagavanirktok  and other rivers act as spawning and overwintering  grounds

(Craig and McCart 19’76). While specific patterns of river utilization and

life history vary among species, arctic anadromous fishj in general, move

into nearshore waters during the open-water season and disperse along the

coastline to feed. River systems of the SE Chukchi Sea likewise supports

major stocks of anadromous fish. Large populations of pink and chum

salmon from the Noatak and Kivalina rivers (Geiger 1966, Smith et al.

1966), humpback whitefish (Alt 1978) and inconnu (Leibida 1!370, Alt 1971)

from the Kobuk River, and char from the Wulik and Kivalina  rivers (Roguski

and Winslow 1970, Alt 1978) enter coastal waters to feed and grow, and
support extensive subsistence fisheries.

There are several reasons that could account for the low abundance of
whitefish, cisco and char. First, rivers emptying into the NE Chukchi Sea

may not be suitable for massive colonization. Second, coastal waters ❑ ay

not be productive enough to support large populations. Third, coastal

waters may exhibit hydrological characteristics that impair their

usefulness to anadromous  species.

The effect of coastal hydrography has been an important issue in

assessing fishery processes in the Beaufort Sea. Several studies have

shown that the distribution of char, ciscoes and whitefishes is associated

with a narrow band of relatively warm? brackish water which flows along

the coast with prevailing currents (Craig and Haldorson 1981. Griffiths

and Gallaway 1982, Griffiths et al. 1983). The width of this warm water

band is usually 2-10 km depending upon coastal features such as barrier

islands and freshwater plumes of large, North Slope rivers. Laboratory
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studies have shown that such hydrographic  preference could be

physiologically advantageous to the fish (Fry and Hart 1949; Brett 1964,

1971; Beamish 1970; Jobling 1981).

The situation in the Chukchi may differ considerably. Hachmeister

(ASI, pers. comm.), conducting an OCSEAP-sponsored study of Chukchi Sea

physical processes indicated that

‘...conditions for the nearshore regions from Point Lay to Key

Cape and from Wainwright to Point Franklin will probably be to

produce a more marine-like environment than those previously

studied along the Beaufort Sea. In addition, the nearshore

will also be subject to very large rapid changes in temperature

and to some extent in salinity. This nearshore water will in

turn be available for exchange with coastal lagoon systems in

these areas which may also exhibit more marine-like physical

properties.~

The SE Chukchi Sea may also be hydrologically more amenable to

supporting anadromous fish stocks. With its water mass being more

directly influenced by relatively warm marine waters flowing northward

from the Bering Sea and the presence of large rivers discharging

freshwater into Hope Basin and Kotebue  Sound, the SE Chukchi Sea is warmer

and less saline than waters north of Point Hope.

7.3*~.l ~= All of the ciscoes, char and chum

salmon taken during this study were adults (>5 years old). Schmidt and

Craig (in press) also did not catch young individuals during theirl 983

summer season at Point Lay. This, coupled with the absence of previously

collected data indicating the presence of major spawning stocks in NE

Chukchi  Sea rivers, could mean that the few ciscoes,  char and chum salmon

which are present are incidental migrators from either Beaufort  Sea or SE

Chukchi Sea stocks. This being the case, the main migratory pathways

accessing the coastal waters of the NE Chukchi Sea would be in the

vicinity of the Barrow and Lisburne peninsulas. While the seaward extent

of these migratory pathways is unknown, any environmental disruption,
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particularly major incidents like an oil spill, would increase the

probability of reduced migration to NE Chukchi waters from adjacent

regions.

7’.3.1.2 ~. Despite the apparent low

abundances, ciscoes, whitefish~ char and chum salmon are caught in summer’

subsistence fisheries at the villages of Barrowt liainwright, Point Lay

and Point Hope (Ivie and Schneider 1979? Petersenet al. 1979$ Schneider

and Bennett 1979, Craig and Schmidt 1982, Skvorc 1982). If the few

specimens caught during the 1983 Point Lay summer survey are indicative of

low anadromous  fish densityin the NE Chukchi Sea, then natural or man-

made perturbations to recruitment could affect subsistence harvests.

7.3.1.3 ~. Because of their low abundance,

ciscoes, whitefish, char and chum salmon are probably insignificant

components of the NE Chukchi Sea trophic web.

7.3.2 Pink Salmon

The presence of pink salmon in the Point Lay area was not unexpected

since the existence of small spawning stocks in the Utukok, Kokolik and

Kukpowruk rivers has been previously documented (Bendock 1979). The26

specimens examined during this study were sexually mature and apparently

positioned for a spawning run in late summer. The same was true of the

pink salmon caught as part of the North Slope Borough Survey (Schmidt and

Craig, in press). It is likely that the Kuk River system also serves as

a spawning site for pink salmon.

7.3.2.1 ~= Pink salmon are ananadromous fish

with a two-year life-cycle. Spawning adults probably move upstream in

late summer just prior to freeze-up. As a rule they do not go far

upstream, however, spawning in rivers of the NE Chukchi Sea is probably

correlated with the presence of relatively deep water holes, the bottcms

of which remain ice-free throughout the winter season. Young-of-the-year

most likely move into coastal waters during the late spring thaw--June tc

early July. After spending about21 months at sea, the adults return to

spawn in their natal streams. Because of their life-cycle, runs of
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alternating years are genetically isolated. Each spawning river thus

serves two distinct populations of salmon. Spawning migrations are

generally dramatic since pink salmon tend to move into natal streams in

distinct pulses. The ocean distribution of pink salmon in the NE Chukchi

Sea is unknowm Both nearshore and offshore waters may serve as feeding

grounds.

The life-cycle characteristics of pink salmon are important in

assessing their vulnerability to developmental impacts. Pulses of’ out-

migrating young-of-the-year in early summer and returning adults in late

summer may be expected to be intense and short-lived. It is at these

times that the estuary waters surrounding the mouths of the Utukok,

Kokolik, Kuk, Kukpowruk  and other smaller rivers are critical to the

success of individual stocks. In addition, if Chukchi pink salmon behave

in a fashion similar’ to that of more southerly populations (Thorsteinson

1962. McInerney  1964), young-of-the-year will spend part of their initial

summer in and around estuarine waters.

Under a worst-case scenario, catastrophic  oil spills could severely

damage pink salmon populations if they impact at these critical times and

locations. In some rivers (Utukok, Kokolik, and Kukpowruk), oil

spill damage could be reduced by the presence of the Kasegaluk Lagoon

barrier island chain. These barrier islands could offer partial

protection from the intrusion of contaminated marine waters and enable

fish to move along the coast in a lagoon corridor. Ocean access could be
achieved by any of a dozen inlets along the 180 km long barrier island.

Because of the role that hydrographic factors play in reproduction,

growth development and behavior, any plans for eventually constructing OCS

support facilities in the Kasegaluk Lagoon/Point Lay vicinity should

consider repercussions to local water quality.

7.3.2.2 ~. AS w= the case with Ciscoes,
whitefish and char, pink salmon are taken by coastal subsistence fisheries

(Ivie and Schneider 1979, Petersen et al. 1979, Schneider and Bennett

1979, Craig and Schmidt 1982). A reduction in subsistence catch would be

expected to vary in proportion to any impact to rivers supporting salmon

populations.

229



7.3.2.3 ~. Young fry probably serve as a food

source for other f’ish during their initial summerp however, since local

stocks are relatively small, this species is probably not a major link in

the NE Chukchi Sea food web.

7.3.3 Boreal Smelt
Boreal smelt enter Chukchi River systems to spawn as soon as breakup

permits. While upstream migrations of 100 km or more have been observed

(Berg 1948), the run typically covers a short upstream distance. Spawning

may even occur in brackish waters behind barrier beaches or in tidal zones
(Bigelow and Schroeder 1963, McKenzie 1964). ~atchins occurs in 10-29
days depending on temperature (Morrow 1980). Young fry are carried

downstream to the estuary where they may spend their initial summer.

7.3*3*1 ~* The vulnerability of Chukchi stocks

of boreal smelt are essentially similar to that previously described for

pink salmon, with estuaries being the critical location and the open water

summer period being the critical time.

Modifications in the hydrographic characteristics of nearshore areas

by OCS development could pose an additional hazard to boreal smelt,

depending upon their reproductive strategy. Spawning in brackish areas

would increase egg exposure to changes in temperature and salinity regimes

caused by man-made structures. Temperature is an important determinant of

hatching time and excessive salinity can kill eggs (Bigelow and Schroeder

196s). The presence of petroleum contaminants would further increase the

probability of damage to the overall stock.

7.3.3.2 ~. Boreal smelt is an important
subsistence fish, particularly at Wainwright during winter (Ivie and

Schnqider  1979, Schneider and Bennett 1979, Craig and Schmidt 1982).

Since boreal smelt do not undergo extensive migrations (Morrow 1980), the

Wainwright  subsistence fishery and the Kuk River stock are closely tied

entities. Damage to this population would ❑ ost certainly be felt by the

village of Wainwright.
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7*3*3*3 ~* While fry contribute to the trophic

‘soup~ in estuaries during summery this species by itself does not appear

to constitute a major component in the Chukcbi food chain.

7.4 Marine Fish

7.4.1 Capelin
The fact that capelin spawn in nearshore waters make this area

critical to the population’s success. Our data indicate that the seaward

side of the barrier islands at Kasegaluk Lagoon serves as a spawning site;

however, other portions of the Chukchi coastline may also be used for this

purpose.

Physical requirements for spawning and hatching are unknown but seem

to vary among geographic populations. In southern British Columbia,

capelin spawn in 10-120C waters. Spawning of the Atlantic population

takes place at2-3oC (Hart 1973). If spawning and early development in

Chukchi populations are governed by strict temperature and salinity

dependencies, then changes in hydrographic  conditions created by the

presence of nearshore OCS facilities (i.e., causeways) could affect the

population. Oil spills which reach landfall would also have a detrimental

affect on eggs and fry. Under worst-case scenarics,  the net affect on the

population would depend on the spatial limits of the impact and the range

of coastline used for spawning.

‘70401.f ~. cmelin are not subsistence

harvested along the NE Chukchi coast.

7.4.1.2 ~= Young-of-the-year capelin are

undoubtedly eaten by fish in nearshore areas during summer. Adults may be

eaten by seals and birds and have been listed as an important item in the

summer diet of belukha whales (Seaman and Burns 1980).
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7;4.2 &CtdC Cod

The Arctic cod is one of the most widely distributed and abundant of

the marine fishes and measurable adverse impacts to Arctic cod are

unlikely because (a) oil under ice has reduced dispersion and volubility

and (b) the pelagic eggs would be widely dispersed. However, Arctic cod

eggs are buoyant and thus susceptible to light density hydrocarbons in the

event of a winter oilspill. Spawning may take place in nearshore areas

during winter (Craig et al. 1982). Cod are often associated with the

underside of sea ice and open ice fissures (Sekerak 1982), also

consolidation areas for light density contaminants.

7.4.2.1 ~. Cod are taken incidentally but

generally do not constitute a primary target species for subsistence
fisheries.

T04.202 ~. The trophic importance of Arctic cod

was summarized by Sekerak (1982):

‘(Arctic cod) are important because they figure prominently in

the diet of’ many highly prized marine mammals and seabirds.

Recent studies on the feeding ecology of vertebrates have

confirmed that the Arctic cod is eaten by white whales,

narwhals, ringed seals, bearded seals, harp seals, walruses

(occasionally), thick-billed and common murres, black

guillemots, black-legged kittlwakes~ northern fulmars,  Arctic

terns, and glaucous, Sabine*s, ivory and Rossf gulls (Quast

1974; Bradstreet, 1976, 1977, 1979, 1982; Divoky 1976, 1978;

Lowry et al. 1978; Springer and Roseneau 1978; Davis et al.

1980; Bradstreet and Cross 1982). In many cases, the Arctic
cod forms a significant fraction of the food consumed by the

above marine mammals and seabirds. Arctic cod are also of
indirect importance to polar bears and A~ctic foxes, since

their principal marine food, the ringed seal, also relies on

Arctic cod as food. The importance of Arctic cod in arctic

trophic relationships is underscored, since no alternate food

source of equivalent value appears to exist.m
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7.4.3 Fourhorn Sculpin
Fourhorn sculpin are typically associated with nearshore  waters

throughout their life. Spawning takes place in winter when adhesive eggs

are extruded onto the substrate. Hatching may take up to three months

depending on temperature (Morrow 1980). Shortly after breakup both adults

and fry move enmass into shallow coastal waters where they feed during

summer (Andriyashev  1954, Westl.n 1970).

7.4.3=1 ~. Nearshore areas are critical habitats

for fourhorn sculpin. The presence of toxic contaminants during winter

could increase egg mortality. Sculpin eggs are sensitive under normal

circumstances and require parental care during incubation (Morrow 1980).

As with capelin, one advantage that fourhorn sculpin may holdover

many of the anadrcmous species is a broad coastal distribution of critical

habitat. Even though the nearshore habitat is important, large stretches

of coastline between Point Hope and Point Barrow are probably used. This

being the case, localized environmental descriptions would have a low

probability of affecting the overall population.

7.4.3.2 ~. Fourhorn sculpin are not utilized

in subsistence fisheries. Craig and Schmidt (1982) reported that sculpin

gill netted by local villagers at Wainwright  were discarded. They also

found that some Point Lay fishermen prefer ocean fishing becauseof the

lower occurrence of fourhorn sculpin than occurs in Kasegaluk Lagoon.

7*4.3*3 ~* Sculpin serve as a food source for

birds and marine mammals (Swartz 1966; Springer and Rosefieau 1978, 1979;

Lowry et al. 1979; Seaman and Burns 1980). From this standpoint localized

disruptions in sculpin populations could deprive consumers of a fcrage

species. This is particularly true of the large bird populations that

inhabit the Cape Lisburne area.
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7.4.4 Saffrcm cod
The reproductive strategy of saffron cod is similar to that of

fourhorn sculpin in that they spawn in nearshore areas during winter,

presumably by extruding adhesive eggs onto the substrate (Morrow 1980),

thus making eggs vulnerable to high density pollutant exposure; however, a

broad coastal distribution could act as a buffer against localized

impacts.

7*4.4.1 ~. Like Arctic cod, saffron cod are

taken occasionally, often as part of winter ‘tomcodfi taken by jig line.

7.4.4.2 ~. Saffron cod serve as an important

food item for marine mammals (Frost and Lowry 1981, LOwr!fet  al. 1980~
Seaman and Burns 1980).

7.4.5 Sand Lance
Sand lance spawn in shallow coastal areas but may otherwise inhabit

either nearshore or offshore waters (Hart 1973). Data collected during
the present study gave no indication of the time or location of spawning.

The sand lance is important to the Chukchi region because it is a

principal  food item of Cape Lisburne and Cape Thompson bird colonies

(Springer and Roseneau 1978, 1979). Springer and Roseneau (1979)

considered it to be a critical trophic component in the success of

kittiwake populations:

ROne of the most critical elements of kittiwake biology in the

region appears to be sandlance. In certain years the fish

school in dense shoals An shallow, nearshore waters and are

easy prey for most seabirds, especially kittlwakes which are

restricted to feeding in waters less than about one meter in

depth. Sandlance have been seen to fluctuate in their

abundance and in the time when they arrive near the bird

colonies, fluctuations which have coincided with major changes

in kittiwake  reproductive success.”

B e c a u s e  o f  t h i s  p r e d a t o r / p r e y  r e l a t i o n s h i p ,  n e a r s h o r e  a r e a s  a r o u n d

the Lisbourne  Peninsula should be considered a vulnerable area Localized
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impacts to the sandlance population would, with time, be mitigated by

recruitment and recolonization by more southerly stocks, however, bird
populations could be severely affected during the interim.

7.4.6 Pacific Herring

Pacific herring are most vulnerable to CICS impacts during spawning

periods. Adhesive demersal eggs located in shallow, nearshore areas would,

be exposed to high specific gravity contaminants. If Chukchi herring do

spend their initial summer in nearshore habitats, modified hydrography

caused by man-made structures could affect initial growth rates.

The most important subsistence use of herring occurs in the SE

Chukchi Sea. Barton (1977) reported herring to be an important element at
the village of Shishmaref  but less vital to the subsistence of villages at

Point Hope, Buchland and Deering. Herring are taken incidentally at Point

Lay (Schmidt, L(2L pers. comm.).

8 . SUMMARY AND CONCLUSIONS

The most prominent species encountered during the 1983 Chukchi study

were Arctic cod, Arctic staghorn sculpin$ fourhorn sculpin, capelin,

shorthorn sculpin, hamecon, Arctic flounder and saffron cod. Fourhorn

sculpin and Arctic flounder are distributed nearshore (<1 km) while the

remaining cottids were found exclusively in deeper, offshore (>1 km)

waters. Arctic cod and saffron cod occupied both habitats.

Ciscoes, whitefish, Arctic char and chum salmon were much less

abundant in the NE Chukchi Sea than in the adjacent Beaufort and SE

Chukchi seas. The available evidence suggests that streams along the NE

Chukchi coast support very small runs, if any, of these species. This

being the case, then the few specimens which are present may be incidental

migrants from Beaufort and SE Chukchi  populations. Oil spill impacts to

coastal regions around Barrow or the Lisburne peninsulas could impede

migration/recruitment and in turn reduce subsistence catches.
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Pink salmon and boreal smelt appear to be the two primary anadromous

fishes of Chukchi Sea coastal waters. Large river systems like the

Kokolik, Utukok, Kukpowruk  and Kuk serve as spawning grounds for both

species. The estuaries of these spawning rivers are important to

reproduction and population success. Spawning runs of boreal smelt in

spring and pink salmon in late summer could be impeded by the presence of

petroleum contaminants. Estuaries are used by the fry of both species

during their initial summer. Chemical contamination at this time could

result in increased mortality of young-of-year. Alterations in the

nearshore physical environment (i.e.? temperature, salinity) caused by the

presence of OCS support facilities could further affect early stages of

growth and development. Any population damage would be felt in the

subsistence fishing of either species. This is particularly true of the

Kuk River smelt population which supports an impcrtant winter fishery at

Wainwright.

Arctic cod are one of the most important forage fishes supporting

marine mammals and bird populations. Because of its high abundance and

wide distribution in arctic seas this =Wcies 1s, overall, best suited to

withstand OCS impacts. Frcm a more localized standpoint, however, Arctic

cod are vulnerable to developmental-induced chemical contaminants. Low

specific gravity pollutants could destroy buoyant eggs which are released

in nearshore areas during winter spawning. The tendency for cod to

congregate just beneath ice layers and around open water fissures during

winter likewise renders them vulnerable to light density petroleum

discharges.

Saffron cod, fourhorn sculpin, sandlance, Pacific herring and capelin

all serve as food sources for higher vertebrate consumers. Saffron cod,

and to a lesser extent Pacific herring, are also taken by susbistence

fisheries.

One common thread of vulnerability shared by all of these species is

their reproductive strategy. All spawn in shallow, coastal waters by

extruding adhesive eggs on the substrate or local vegetation--saffron cod

and fourhorn sculpin during winter and sandlance~  capelin and herring in

summer. Demersal eggs could be destroyed by the presence of high density
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petroleum contaminants. Further, the value of shallow, nearshore waters

aa feeding grounds and nursery areas could also be curtailed by

contamination or through modifications in temperature and salinity regimes

which might result from the construction of support facilities (i.e.,

causeways). Hydrographically-induced  changes Ln early growth and

development could, in the long run, adversely affect population strength.

One factor which could mitigate damage to NE Chukchi Sea populations

centers on the spatial extent to which these species make use of coastal

habitats. The greater the area of exploitable habitat the lower the

probability that a spatially finite impact would severely affect the

population. There is not enough information to determine the extent and

homogeneity of coastal distribution in the NE Chukchi Sea for these

species.

Even though localized impacts may not result in long-term damage to

the success of the general fish population, they could have more serious

trophic repercussions to higher consumers. A prime example is the

apparent trophic dependency that seabird colonies of Cape Lisburne have

for aandlance and sculpin. Even a shortiterm reduction in the nearshore

abundance of these fish could seriously affect these bird colonies$

particularly during rearing of young.

As might be expected, the dominant marine and anadrcmous fish species

of the Northeast Chukchi Sea are most vulnerable to OCS impacts which

occur in shallow nearshore areas. This coastal edge is, to one degree or e
another, used for spawning, feeding and migration.

The environmental stability of this area should be considered if

‘Barrew Arch Sale No. 85” results in the discovery of commercially

exploitable petroleum reserves.

237



9. REFERENCES CITED

Alt. K. 1971. A life history study of sheefish and whitefish in Alaska.
Alaska Dep. Fish and Game. 12:1-31.

Ht. K. 1978. Inventory and cataloging of sport fish and sport fish
waters of western Alaska - Wulik-Kivalina rivers study. Annu. Rep.,
Alaska Dep. Fish and Game. 19:61-76.

Alverson, D.L. and N.J. Willmovsky. 1966. Fishery investigations of the
southeastern Chukchi Sea. Vol. 2, Chap. 31, Pages 843-860. m:
N.J. Wilimovsky and J.N. Wolfe (eds.). Environment of the Cape
Thompson Region, Alaska. U.S. Atomic Energy Commission, U.S. Dep.
Commerce, Springfield, VA.

Amend, D.F. 1970. Control of infectious hematopoietic necrosis virus
disease by elevating the water temperature. J. Fish. Res. Board Can.
27:265-270=

Andriyashev,  A.P. 1954. Fishes of the northern seas of the U.S.S.R.
Izdatel~stvo. Akad. Nauk. SSSR, Moskva-Leningrad. Translation from
Russian, Israel Program for Scientific Translations. Jerusalem,
1964. 617 p.

Austin, H.14.~ A.D. Sosnow and C.R. Hickey, Jr. 1975.
temperature on the development and survival of eggs
Atlantic silverside,  Xen.idiA ~. Trans.
(1) :762-765.

The effects of
and larvae of the
Amer. Fish. Sot.

Barton. L 197 9* Fintish resource surveys in Norton Sound and Kotzebue
Sound. n: Environ. Assess. Alaskan Cont. Shelf, Final Rep., Prin.
Invest., NOAA/OCSEAP,  Boulder, CO. 4:75-313.

Beamish. F.W.H. 1970. Oxygen consumption of largemouth bass, ~~u.g
siilm~ix, in relation to swimming speed and temperature. Can. J.
~00~. 4$:1221-1228.

Bend~ck,  T. 1977. Beaufort Seaestuarine  fishery study. Res. Unit 233.
Pages 670-729. ~: Envir. Assess. Alaskan Cont. Shelf., Final Rep.
Prin. Invest. Vol. 4, March 1979. BL14/NOAA,  OCSEAP, Boulder, CO.

Bendock, T. and J. Burr. 1980. Index to North Slope stream and lake
surveys. Rep. by Alaska Dep. Fish and Game (Fairbanks). 11 p.

Bendock T.N. 1979. Inventory and cataloging of arctic area waters.
Alaska Dep. Fish and Game, Sport Fish Divisiom Annual Performance
Rep., Study No. G--I. 20:1-64.

Berg, L.S. 1948. Freshwater fishes of bhe U.S.S.R. and adjacent
countries. Guide to the fauna of the U.S.S.R. No. 27. Vol. 1, 4th
ed. Akad. Nauk SSSR Zool. Inst., Moscow. Translated from Russian by
Israel Program for Scientific Translations, 1962. Office of
Technical Services, U.S. Dept. Commerce, Washington, D.C. 504 p.

238



Bigelow, H.B. and W.C. Schroeder.
U.S. Fish Wildl. Serv. t Fish.

1953* Fishes of the Gulf of Maine.
Bull. 53(74). 577 P.

Bigelov, H.& and W.C. Schroeder. 1963. Family Osmeridae. Fishes of the
Western North Atlantic. Sears Found. Mar. Res., Mere. 1(3):553-597.

Boesch, D.F. 1977. Application of numerical classification in ecological
investigations of water pollution. Spec. Report 77, Vir. Instit.  Of
Marine Science. 115 p.

Bond, w. 19& A study of the fishery resources of Tuktoyaktuk Harbour,
southern Beaufort Sea coast, with special reference to life histories
of anadromous coregonids. Can. Tech. Rep., Fish and Aquat. Sci. No.
1119. 90P.

Bowden, C. and L. Moulton. 1981. Resource report for the proposed Hope
Basin OCS oil and gas lease sale #86: Rep. by Alaska Dep. Fish and
Game, Marine/coastal Habitat Management. Anchorage, AK. 121 p.

Bradstreet. M.S.W. 1976. Summer feeding ecology of seabirds  in eastern
Lancaster Sound, 1976. Unpublished rep. by LGL Limited for Norlands
Petroleum Ltd. 187 p.

Bradstreet, M.S.W. 1977. Feeding ecology of seabirds along fast-ice
edges in Wellington Channel and Resolute Passage, N.W.T. Unpubl.
rep. by LGL Limited for Polar Gas Project. 149 p.

Bradstreet, M.S.W. 1979. Feeding ecology of seabirds in Northwest Baffin
Bay, 1978. Unpubl. rep. by LGL Limited for Petroleum Canada. 65 p.

Bradstreet, M.S.W. 1982. Occurrence, habitat use, and behavior of
seabirds$ marine mammals~ and arctic cod at the Pond Inlet ice edge.
Arctic 35:28-40.

Bradstreet, M.S.W. and W.E. Cross. 1982. Trophic relationships at High
Arctic ice edges. Arctic 35:1-12.

Brett. J.lL 1964. The respiratory metabolism and swimming performance of
young sockeye salmon. J. Fish. Res. Ebard Can. 21:118+1226.

Brett, J.R. 1971. Energetic responses of salmon to temperature. A study
of some thermal relations in the physiology and freshwater ecology of
sockeye salmon (QQQ@mhU-)* ~. ~ool* lf:99-1~3”

Brett, J.R. 1967. Swimming performance of sockeye salmon, ~ti~
&a&& in relaticn tc fatigue time and temperature. J. Fish. Res.
Board Can. 24:1731-1741.

Brett, J.R. and D.A. Higgs. 1970. Effect of temperature on the rate of
gastric digestion in fingerling sockeye salmon, QWXhYlck ne.di.a.
J. Fish, Res. Board Can. 27:1767-17?9-

Brett, J.R. and N.R. Glasg. 1973. Metabolic rates and critical swimming
speeds of scckeye salmon (~h Qelk&) in relation to size and
temperature. J, Fi8h. Re.s. Board Can. 30:379-387.

239



Brett, J. R., J.E. Shelbourn and C.T. Shoop. 1969. Growth rate and body
composition of fingerling sockeye salmon? ~~~ -~ in
relation to temperature and ration size. J. Fish. Res. Board Can.
26:2363-2394-

Coachman, LK. and K. Aagaard. 1981. Reevaluation of water transport in
the vicinity of Bering Strait. Pages 95-110, n: D.W. Hood and
J.A. Caulder (eds. ). Eastern Bering Sea Shelf Oceanography and
Resources. USDC Office of Marine Pollution Assessment, Washington.
D.co

Cohen, D.M. 1954. Age and growth studies on two species of whitefishes
from Pt. Barrow, Alaska. Nat. Hist. Mus., Stanford Univ., Stanford
Ichthyological  Bull. Vol. 4(3):168-187.

Colby, P.J. and L.T. Brooke. 1973. Effects of temperature on embryonic
development of lake herring. J. Fish. Res. Board Can. 30:799-810.

Craig, P.C. and P. McCart. 1976. Fish use of nearshore  coastal waters in
the western arctic: emphasis on anadromous  species. Chap. 23, Pages
361-388. m: Hood, D.W. and D.C. Burrell (eds.). Assessment Of the
arctic marine environment: Selected topics.
Inst. Mar. Sci.., ?Jniv. Alaska, Fairbanks.

Craig, P.C. and W.B. Griffiths. 1981. Studies of
invertebrates in coastal waters of the Alaskan
Rep. Unpubl. Rep. by LGL for Arctic Project

Occas. Publ. No. 4,

fish and epibenthic
Beaufort Sea. Annu.
Office, Outer Cont.

Shelf Env.ir. Assess. Program. Fairbanks, AK. 71 p.

Craig, P.C. and L. Haldorson. 1981. Beaufort Sea barrier island-lagoon
ecological process studies: Final Rep.. Simpson Lagoon. Part 4. Fish.
Pages 384-678. Res. Unit 467. In: Environ. Assess. Alaskan Cont.
Shelf, OCS Biol. Sci. Final Rep. Prin. Invest. Vol. 7. BLM/NOAA,
OCSEAP, Boulder, CO.

Craig, P.C. and D. Schmidt. 1982- ‘Fisheries surveys at potential
dredging sites at North Slope villages: Wainwright, Point Lay,
Atkasook, Nuiqsut and Kaktovik. Rep. by LGL Ltd. (Sidney) for the
North Slope Borough. Barrow; Alaska.

Craig, POC. and P. Skvorc. 1982. Fish resources of the Chukchi Sea:
Status of existing information and field program design. Prepared
for Arctic Project Office, NOAA/OCSEAP, Fairbanks, AK. 56 P.

Craig. P.C., W.B. Griffiths, L. Haldorson and H. McElderry. 1982.
Ecological studies of Arctic cod (Bore-M) in Beaufort Sea
waters, Alaska. Can. J. Fish and Aquatic Sci. 39:395-4o6.

Davis, R.A., K.J. Finley and W.J. Richardson. 1980- The present status
and future management of arctic marine mammals in Canada. Science
Advisory Board of the Northwest Territories, Rep. No. 3. Dep.
Information, Government of the N.W.T. 93 p.

Divoky, G-J. 1976. The pelagic feeding habitsof ivory and Rossr gulls.
Condor, 78:85-90.

240



Divoky, G.J. 1978. The distribution, abundance and feeding ecology of
birds associated with pack ice. Annu. Rep, by Point Reyes Bird
Observatory to NOAA/OCSEAP, Boulder, CO. Vol. 2:167-509.

Edsall, T.A. 1970. The effect of temperature on the rate of development
and survival of alewife eggs and larvae. Trans. Amer. Fish. Sot.
[2):376-380.

Fechhelm, R.G., W.H. Neill and B.J. Gallaway. 1983. Temperature
preference of juvenile Arctic cisco (~ ~ from the
Alaskan Beaufort Sea, in relation to salinity and temperature
acclimation. Biological Papers of the Univ. of Alaska.

Fisher, K.C. and P.F. Elson. 1950. The selected temperature of Atlantic
salmon and speckled trout and the effect of temperature on the
response to an electrical stimulus. Physiol. Zool. 2,3:27-34.

Forrester. C.R. and D.F. Alderdice. 1966. Effects of salinity and
temperature on embryonic development of the Pacific cod (Gadus
~. J. Fisheries Res. Board Can. 23:319-340.

Frost, K.J. and L.F. Lowry. 1983. Demersal fishes and invertebrates
trawled in the Northeastern Chukchi and Western Beaufort seas lg76-
1977. Tech. Rep. NOAA/NMFS. 22 p.

Frost. K.J., L.F. Lowry and J.J. Burns. 1978. Offshore demersal fishes
and epibenthic  invertebrates of the northeastern Chukchi and western
Beaufort seas. Pages 2s1-365. Xn: Environ. Assess. Alaskan Cont.
Shelf, Annu. Rep. Prln. Invest., Vol. 1. BLM/NOAA,OCSEAP, Boulder,
co.

Furniss,  R. 1975. Inventory and cataloging of arctic area waters.
Alaska Dep. Fish & Game, Annu. Rep. 16. 47 p.

Fry, F.E.J. 1947.
Toronto Stud.
P.

Fry, F.E.J. and J.S.
temperatures.

Garside, E.T., D.G.

Effects of environment on animal activity. Univ.
Biol., Ser. 55; Publ. Ont. Fish. Res. Lab. No. 68. 62

Hart. 1949. Swimming speed of goldfish at different
J. Fish. Res. Board Can. 7:169-175.

Heinze and S.E. Barbor. 197’7. Thermal preference in
relation to salinity in the threespine sticklebacks,‘~
~ (L-), with aR interpretation of its significance. Can. J.
Zool. 55:590-594.

Geiger, M. 1966. Kotzebue chum salmon tagging project. Pages 7E!-93.
Q: Ayk area 1966 annual management report. Div. of Ccmm. Fish.,
Anchorage, AK.

Griffiths,  W., P.C. Craig, G. Walder and G. Mann. 1975. Fisheries
investigations in a coastal region of the Beaufort Sea (Nunaluk
Lagoon, Y.T.). Arctic Gas Biol. Rep. Ser. 34(2). 219 p.

241



Griff i ths, W., J. Denbeste and P. Craig. 1 977; Fisheries investigations
in a coastal region of the Beaufort Sea (Kaktovik  Lagoon, Barter
Island, Alaska). APctic Gas Biol. Rep. Ser. 40(2). 190 p.

Griffiths, W.El. and B-J. Gallaway. 19U. Prudhoe Bay Waterflood  Project.
Fish monitoring program. Unpubl. Rep. for Woodward-Clyde
Consultants, Anchorage? AK. 142 p.

Griffiths, W. 1983. Fish. pages 176-222. m: Environmental
characterization and biological use of lagoons in the eastern
Beaufort Sea. Rep. by LGL !3cological Research Associates for Outer
Continental. Shelf Environmental Assessment Program, Office of Marine
Pollution Assessment. Juneau, AK

Griffiths, W.B., D.R. Schmidt, R.G. Fechhelm, B.J. Gallaway. 1983. ~:
B.J. Gallaway and R. Britch (eds.). Environmental summer studies
(1982) for the Endicott Development. Vol. III. Fish Ecology. Rep.
by LGL Alaska Research Associates and Northern Technical Services for
Sohio Alaska Petroleum Co., Anchorage, AK. 342 P.

Hablett, T. 19794 Fish inventories conducted within the National
Petroleum Reserve on the North Slope of Alaska, 1977-78= Chap. 10=
Pages 3s7-406. XQ: Studies of selected wildlife and fish and their
use of habitats on and adjacent to NPRA 1977-1978. Vol. 2.

Hachmeister, L. 1983. Rapid response of Alaska coastal water to strong
meteorological forcing in the Chukchi Sea. EOSVO1. 64. No. 45. p.
7-40.

Hart, J. 7973. Pacific fishes of Canada. Bull. Fish. Res. Board Can.
180. 740 p*

Hettler, W.F. 1976. Influence of temperature and salinity on routine
metabolic rate and growth of young Atlantic menhaden. J. Fish. Biol.
8:55-65

Ivie, P. and W. Schneider. 1979. Wainwright synopsis. Pages 75-87. U:
Native livelihood end dependence. A study of land use values through
time. U.S. Dep. Interior, National Petroleum Reserve in Alaska,
105(c) Field Study No. 1.

Jobling, M. 1981. Temperature tolerance and the final preferendum -
rapid methods for the assessment. of optimal growth temperatures. J.
Fish. Biol. 19:439-455.

Jones, M.C. andJ. DenBe.ste. 1978. Tuft Point and adjacent coastal area
fisheries project. Unpubl. Rep. by Aquatic Environments Ltd. for
Imperial Oil Limited. 152 p.

Kendel, R., R. Johnston, V. Lobsiger and M. Kozak. 1975. Fishes of the
Yukon Coast. Beaufort Sea Tech. Rep. No. 6. 114 P.

Kinne, O. 1960. Growth, food intake, and food conversion in a euryhaline
fish exposed to different temperatures and salinities. Physiol.
Zool . 33:288-317.

24’2



Kinne, O. and E.M. Kinne. 1962. Rates of development in embryos of a
cyprinodont fish exposed to different temperature-salinity-oxygen
combinations. Can. J. Zool. D40:231-253.

Kogl, D. and D. Schell. 1974. Colville River Delta fisheries research.
Pages 483-504. u, Environ. studies of an arctic estuarine  system -
Final Rep. U.S. Environ. Protect. Agency, Ec. Res. Ser. EPA-660/3-
75-026.

Lebida, R. 19’?0. Kotzebue Sound sheefish investigations, 1970. Alaska
Dep. Fish and Game, Arctic-Yukon-Kuskokwin  Region. 12 p.

Lowry, L.F., K.J. Frost and J.J. Burns. 1979* Trophic relationships
among ice-inhabiting phocid seals. Annu. Rep. by Alaska Dep. of Fish
and Game for NOAA/OCSEAP,  Boulder, CO., Vol. 1:161-230.

Lowry, F.L., K.J. Frost and J.J. Burns. 1980. Variabilityin the diet of
ringed seals, - ~~ in Alaska. Can. J. Fish. Aquat. Sci.
37:2254-2261.

Lowry, L.F. and K.J. Frost. 1981. Distribution, growth and focds of
Arctic cod (_Boreoz~ W) in the Bering, Chukchi and Beaufort
seas. Canadian Field-Naturalist 95(2):186-191.

MacGinitie, G.E. 1955. Distribution and ecology of the marine
invertebrates of Point Barrow, Alaska. Smithsonian Misc. Coil. Vol.
128, No. 9.

McCauley, R.W., and J.M. Casselman. 1980. The final predferendum as an
index of the temperature for optimum growth in fish. From Proc.
World Symp. on Aquiculture in Heated Effluents and Recirculation
Systems, Stavanger 28-so Play, 1980. Vol. II. Berlin 1981.

McCormick, J.H.P K.E.F. Hokanson and B.R. Jones. 1972. Effects of
temperature on growth and survival of young brook trout, ~
m~  ● J. Fish. Res. Board Can. 29:1107-1112.

HcInerney,  J.E. 1964. Salinity preference: an orientation mechanism in
salmon migration. J. Fish. Res. Board Can. 21(5):995-1018.

McKenzie, R.A. 1964. Smelt life history and fishery in the Miramichi
River, New Brunswick. Eull. Fish. Res. ?%ard Can. 144. 77 p.

McPhail, J.D. 1966: The ~ ~ complex in Alaska and
northwestern Canada. J. Fish. Res. Board Can. 23:141-148.

Mohr, J.L., N.J. Wilimovsky and E.V. Dawson. 1957. An arctic Alaskan
kelp bed. Arctic 10:45-52.

Morris, & 1981. Living marine resources of the Chukchi Sea: A rescurce
report for the Chukchi Sea oil and gas lease sale #85. Rep. by Nat.
Mar. Fish. Serv. for Bureau cf Land Management (Anchorage). 117 p.

Morrow, J. 1980. Freshwater fishes of Alaska. Alaska Northwest
Publishing Company. Anchorage, AK. 248 p.



Moulton, L.L. and S. Bowden. 1981. Resource report for the proposed
Chukchi  Basin OCS oil and gas lease sale #85. Unpubl. Rep. by Alaska
Dep. Fish and Game, Marine/Coastal Habitat Management, Anchorage, AK.
38 p.

Murdoch, J. 1884. Fish and fishing at Point Barrow, arctic Alaska.
Trans. Am. Fish. Sot. 13:111-115.

Murdoch, J. 1885. Fishes. Pages 129-132. m: P. Ray[ed.). Reporton
the International Polar Expedition to Pt. Barrow, Alaska 1882-83.
Part 4. Sec. 3. U.S. Gov. Printing Office, Washington, D.C.

Olla, & 1980. Role of temperature in triggering migratory behavior of
Tautog. Mar. Bio1. 59:23-30.

Otwell, W.S. and J.V. Merringer. 1975. Survival and growth of juvenile
striped bass, pnron~ @@&l&s, in a factorial experiment with
temperature, salinity and age. Trans. Am. Fish. Sot. 104:560-566.

Paulke. K. 1983. Biology of capelin, ~ ~, in Alaskan
waters. Paper presented at the Annual Meeting, Am. Fish. Sot.,
Alaska Chapter, Soldotna,  November 14-17, 1983.

Pedersen, S. 1979. Point Hope synopsis. Pa~es 141-149. U: Native
livelihood and dependence. A study of land use values through time.
U.S. Dep. Interior, National Petroleum Reserve in Alaska, 105(c)
Field Study No. 1.

Pedersen, S., D. Libbey, W. Schneider and C. Dementieff.  1979. Barrow-
Atgasulc (Atkasoolc) synopsis. Pages 49-74. m: Native livelihood
and dependence. A studyof land use values through time. U.S. Dep.
Interior, National Petroleum Reserve in Alaska, 105(c) Field Study
No. 1.

Percy, R. 1975. Fishes of the outer Mackenzie Delta. Beaufort Sea Tech.
Rep. No. 8. 114 p.

Pereyra, W.T., R.J. Wolotira, Jr., T.M. Sample and M. Morin, Jr. 1 977*
Baseline studies of fish and shellfish resources of Norton Sound and
the southeastern Chukchi Sea. Pages 229-287. M: Environ. Assess.
Alaskan Cont. Shelf. Annu. Rep. Prin. Invest. Vol. 8. BLM/NOAA,
OCSEAP, Eoulder, CO.

Plumb, J.A. 1973. Effects of temperature on ❑ ortality of fingerling
channel catfish (~ uctatua) experimentally infected with
channel catfish virus. J. Fish. Res. E!oard Can. 30:%8-570.

Quast, J.C. 1972. Preliminary report on the fish collected on WEBSEC-70.
Pages 203-206. ~: WEBSEC-70.  an ecological survey in the eastern
Chukchi Sea. U.S. Coast Guard, Oceanographic Rep. No. 50. 206 p.

Quast, J.C. 1974. Density distribution of juvenile Arctic cod,
~sakd.a, in the eastern Chukchi sea in the fall of 1970.
Fish. Eull. 72:1094-1105.

244



Quast, J.C. andE.L. Hall. 1972. List of fishes of Alaska and adjacent
waters with a guide to some of their literature. U.S. Dep. Commerce.
NOAA Tech. Rep. NMFS SSRF-658. 47 p.

Rae, G.M.M. 1968. Oxygen consumption of rainbow trout _ gQrdneri)
in relation to activity and salinity. Can. J. Zool. 4b:781-786e

Ricker, W.E. 197’5. Computation and interpretation of biological
statistics of fish populations. Fish. Res. Board Can. Bull. 191.
382 p.

Roguski, E. and P. Winslow. 1970. Monitoring and evaluation of arctic
waters with emphasis on the North Slcpe drainages. Annu. Rep. No.
1 5-c. Alaska Dep. Fish and Game. 11:279-301.

SeamanP G. and J. Burns. 19800 Preliminary results of recent studies on
belukhas in Alaskan waters. Unpubl. Rep. by Alaska Dep. Fish and
Game (Fairbanks). 31 p.

Schmidt, D. and P.C. Craig. (In Press). Fish resources at Point Lay.
Rep. by LGL for the North Slope Burough, Barrow, AK.

Schneider, W. and R. Bennett. 1979. Point Lay synopsis. Pages 107-I19.
fi: Native livelihood and dependence. A study of land use values
through time. U.S. Dep. Interior, National Petroleum Reserve in
Alaska, I05(c) Field Study No. 1.

Sekerak, A. 1982 Summary of the natural history and ecology of the
arctic cod (jjoreo-wa). Species Account Rep. by LGL Limited
for BLM/NOAA.OCSEAP. 10 p.

Shelbourn,  J.E., J.R. Brett and S. Shirahata. 1973. Effect of
temperature and feeding regime on the specific growth rate of sockeye
salmon fry ~-), with a consideration of size effect.
J. Fish. Res. Board Can. 30:1191-1194.

Skvorc, P.A. 1982. Winter subsistence fishing at villages along the
northeast Chukchi coastline. Unpubl. Field Rep. by LGL Limited.

Springer, A.M. and D.G. Floseneau.  1978. Ecological studies of colonial
seabirds at Cape Thompson and Cape Lisburne, Alaska. Pages 839-960.
n: Environ. Assess. Alaskan Cont. Shelf. Annu. Rep. Prin. Invest.
vol. 2. BLM/NOAA,OCSEAP, Boulder, CO.

Springer~ A.M. and D.G. Roseneau. 1979. Ecological studies of colonial
seabirds at Cape Thompson and Cape Lisburne, Alaska. Pages 517-574.
u: Environ. Assess. Alaskan Cont. Shelf. Annu. Rep. Prin. Invest.
vol. 2. BLM/NOAA,OCSEAP, Boulder, CO.

Smith, H.D., A.H. Seymour and L.R. Donaldson. 1966. The salmon resource.
Vol. 2, Chap. 31. Pages 861-871. La: N.J. Wilimovsky and J.N.
Wolfe (eds.). Environment of the Cape Thompson Region, Alaska. U.S.
Atomic Energy Ccmmissi.on.  U.S. Dep. Commerce, Springfield, VA.

245



Swartz, L.G. 1966, Sea cliff birds. Vol. 2, Chap. 23. Pages 611-678.
m: N.J. Wilimovsky and J.N. Wolfe (eds.). Environment of the Cape
Thompson region, Alaska. U.S. Atomic Energy Commission, U.S. Dep.
Commerce, Springfield, VA.

Thorsteinson, F.V. 1962. Herring predation on pink salmon fry in a
southeastern Alaska estuary. Trans. Amer. Fish. Sot. 91(3):321-323.

Walters, V. 1955- Fishes of western arctic America and eastern arctic
Siberia. Bull. Am. Mus. Nat. Hist. 106:255-368.

Walters, V. 1961. Winter abundance of~~in the Polar
Basin. Copeia 2:236-237.

Westin, L. 1970. The food ecology and the annual food cycle in the
Baltic population of fourhornsculpin,~~
(L.) Pices. Rep. Inst. Freshwater Res. Drottningholm 50:168-210.

Wilimovsky, N.J. 1956. The utilization of fishery resources by the
arctic Alaskan Eskimo. Nat. Hist. Mus. Stanford Univ., Occas. Pap.
No. 2. 8 p.

Wilson, D.E., S.D. Pace, P.D. Carpenter, H. Peas, P. Goddard, T. Wilke and
P. Kinney. 1981. Nearshore currents, Chukchi Sea 1981. Univ.
Alaska Final Rep. NOAA/OCSEAP,  Fairbanks, AK.

Wilson, D.E., S.D. Pace, P.D. Carpenter, H. Peas, P. Goddard, T. Wilke and
P. Kinney. 1981. Nearshore currents, Chukchi Sea 1981. Univ.
Alaska. Final Rep. NOAA/OCSEAP, NA-79 RAC 00086.

Winslow, P. 1969. Investigation and cataloging of sport fish and sport
fish waters in interior Alaska - char in northwestern Alaska. Annu.
Rep. No. 15-A. Alaska Dep. Fish and Game. 10:319-s321.

Wilson, W.J., Jr., J.N. Suhayda, S.A. Hsu and C.D. Watters, Jr. 1974.
Characteristics of nearshore oceanographic environments of arctic
Alaska. Pages 49-64. a Coast and shelf of Beaufort Sea. Arctic
Instit. of N. Amer.

Wohlschlag, D.E. 19%. Information from studies of marked fishes in the
Alaskan Arctic. Copeia 4:237-242.

246



10. APPENDICES

10.1 Physical Data Listings

This section contains temperature, salinity and turbidity data

measured during the 16-25 March winter study and the Point Lay summer

study.
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physical Data: Winter study

DATE STATION DEPTS(n!) TEMPERATURE ( ● C) SALINITY TURSIDITYNTU)

3/18 1 s -0.5 32.0 1.5
6 35.0 3.0

2 s -0.5 28.9 3.0
5 28.9 5.5

10 27.3 3.2

3/19 2 s -0.5 28.2 5.0

3/20 2 s -o. s 2s.1 1.2
3 s -0.5 33.0 1.5

3/21 2 s -0.5 2s.2 2.6
3 s -0.5 29.0 2.3

3/22 2 s -1.0 33.3 0.s
3 s -1.0 25.1 2.3

5 20.9 2.3
10 16.S 2.7

3/23 3 s -1.0 28.0 1.3

3/24 4 s -1.0 29.7 0.6

3/25 4 s -1.0 30.0 0.5

3/26 4 s -0.5 29.S 4.3
H s -0.5 27.8 4.6

3/27 4 s - 1 . 0 3 1 . 0 0 . 4
5 3 0 . 0 0 . 4

10 3 0 . 1 1.1

3/28 4 s -1.0 31.0 14.1
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Temperature OC): Pt. Lay summer study

Stat ion: 1

7118183
7 / 1 9 / 8 3
7/20183
7 / 2 1 / 8 3
7 / 2 2 / 8 3
7/23183
7 / 2 4 / 8 3
7125183
7126183
7/27/83
‘1/28/83
7/29183
7/30183
7/31/83
8/1183
812183
8 /3 /8 3
8/4/83
8/5/83
8/6183
8/7183
8/8183
8/9183
8/10/83
8/11/83
8112/83
8/13/83
8/14183
8/15/83
8116183
8117183
8118183
8/19!83
8/20183
8/21!83
8122/83
8123183
8124/83
8/25/83
8/26183
8/27/83
8/28183
8/29183
8/30183
8/31183
Mean

1.0
1.5
7*I
6.o
8.5
4.5

1.9
2 .5

;.0
3.0
3.0

6.o
10.5

9.0
8.o
7 .5
8.5

9.0

;.0
3.0

7.0
7.0

8.o
6.o
6.5

~
5.6

S t d .  Dev. 2.76
Std. Err. .55
N 25

2

7.5
10.0
9.5

11.5
10.0
1 1 . 5
1 1 . 5
1 0 . 0

1 0 * 9
1 2 . 2
13.2
11.7
1 2 . 0
1 2 * O
1 2 . 0
1 1 . 5
7.0
8 . 5

::;

1 2 . 5
1 2 . 0
1 0 . 0
8.o
5.0
9 . 0

::;
7 . 5
7 . 5

5 . 0
5 . 4
4 . 5

::;

4 . 5
4 . 5

*
.

2.97
.J18

3 9

Gfll
4* 5 6 83

;.4

10.0

3.0
6.o

;.0

1.5

~
5.2

2.95
1.20

6

10.0
10.8
9.5

11.5
11.0

12.0

9.0

7.5

4::
6.o

i.5
3.5

3.65
1.01
13

11.0

10.5

4.5

~

3%:
2.09
3

7

8.o

7 .5

{.0

z
2.18
1.26

;.5

--Y5
0.00
0.00

3 1

*

4.3
5.8
8.3
9.2
9.8
8.5

11.5
7.6
2.5

;.0
7.6
6.9

11.7
9.0

11.5
10.7
9.8
7*3
8.5
9.0

10.0
8.o

10.5
12.0
10.0

8.o
4.0
6.o

2:;
7.0
7.3

;.5
6.o
3.8
4.7
6.7

4.5
3.6

x

3:;;
.34
90

● Gill net station 4 = Fyke net station 1
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salinity (Y-): Pt. Lay swnsner study

Station:

7118183
7119183
7/20/83
7/21183
‘1122183
7/23183
‘l12b183
7125/83
7126/83
‘1127183
7128183
7129/83
7130183
7/31i83
8/1/83
812183
813183
81ti18B
815183
816183
817183
818183
819183
8110183
8111183
:;;;;:;

8114183
8115183
8/16183
8/17183
8118183
8/19/83
8120183
8121183
8[22183
8123183
812Jki83
8125183
8126183
8127/83
8128183
8/29183
8130183
8/31183
Uean

Fvke
1

26.0
27.5
21.5
19.5
20.6
26.2

28.5
28.0

28.3
26.5
25s0
25.2
28.3
20.0
20.0
23.0
21.0
21.0
21.5

21.5

26.5

19.0
22.5

23.7
21.0
24.0

~
23.7

Std. Dev. 3.13
S t d .  E r r . 061
N 26

2

23.9
22.4
20.6
20.3
19.5
20.7
20.2
20.1

26.5
13.5
13.0
8.o

18.1
17.8
14.8
21.8
26.5
18.5
17.5
23.0
22.5
16.o
9.0
1.0

21.5

21.0
9.0

22.0
14.0
14.0

15.5
12.0
22.5

2*O
18.2

2.9
0.0

-L#

7.23
1.16
39

Gfll
4* 5 6 83

24.0
24.0

20.0

25.0

26.0

23.4

22.8

~
23.6
1.90
.72
7

15.5
13.1
20.5
22.7
19.0

16.3

16.0

2200
13.0

6.8

4:;

0.0
0.0
~
12.2
8.22
2.20
14

22.0

.
20.0

5.4

~
15.8
9.06
5.23

3

7

22.3

22.4

0.0

~
14.9

12.90
7.45
3

15.8

~
15.8
0.00
O*OO

1

Dav
Mean

25.0
25.0
21.1
18.4
17.7
22.5
21.5
22.5
28.0

27.4
20.0
20.7
19.1
23.2
18.0
18.9
22.4
23.8
19.8
18.3
21.5
22.4
16.0
16.8
1.0

21.5

23.8
17.0
22.0
18.0
18.3

19.6
‘16.3
17.8
8.7

1501

4.2
5.7

+_+

7.;3
.79
93

● Gill net station 4 = Fyke net station 1
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. . . . . . ------- . .Turnlaar.y trixu): rr.. Lay sunrner scuay

Fvke
Station: 1

‘Tl18/83
7 / 1 9 / 8 3
7 / 2 0 / 8 3
7 / 2 1 / 8 3
7 / 2 2 / 8 3
7 / 2 3 / 8 3
7/28/83
7 / 2 5 / 8 3
7/26/83
7/27183
7128/83
7129/83
7130/83
;;:; (;3

8 / 2 / 8 3
8/3183
814/83
8i5/83
816/83
8/7/83
8/8183
819/83
8/10/83
8/11/83
8112/83
8/13/83
8/14183
8/15183
8/16/83
8117183
8/18183
8/19/83
8/20/83
8/21/83
8122/83
8/23183
8/24/83
8/25183
8/26183
8127/83
8128183
8129183
8/30/83
8/31183
Uean

2.9
2.3
~.:

.
3.2
1.1

1.5
54.0

27.0
5.0
2.9
1.4
1.8
3.2
3*5
5.0
2.2
9.5
9.6

3.2

i.5

16. o
10.0

22.0
10.0
1700

8.?
s t d .  Dev. 11.4i
Std.  E r r . 2.24
N 26

2

7*5
4.9
4.1
3*1
3.4
2.5
4.3

14.0

43.0
5.6

10.5
14.5
3.0
7.0
4.8
3.6
3.1
7.0
7.8
2 .5
7.8

3:::
120.0

6.4

6.o
13.0
15.0
20.0
11.0

6.7
11.0
8.5

19.0
10.0

54.0
140.0
135.0
*

34.;6
5.52
39

Gfll
4* 5 6 7 83

2.3
1.3

5.6

1.8

5.0

3.9

;.9

3
2.11

.8o
7

iie2
5.3
2.3
3.4

16.0

15.0

8.5

1.5
5.0

20.0
22.0
25.0

135.0
94.0
~

25.8
39.17
10.47

14

3.1

5.8

38.0

~
15.6

19.42
11.21

3

24.0

19.5

14.9

~
19.5
4.55
2.63
3

16.0

~
18. o
0.00
0.00

1

I)av
Mean

5.2
3.6
4.0
5.3
4.0
2.0
3.9

10.5
54.0

35.0
5.3
5.2
5.7
2.4
8.4
3.8
4.3
2.7
8.3
8.6
4,2

15.9
3.0

13.6
120.0

6.4

;::
8.3

11.5
10.5

14.4
13.0
15.2
15.0
18.2

46. o
74.2

114.5
*

.
28.32
2.94

93

● Gill net station 4 = Fyke net station 1
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Physical Data: Discmerer  Cruise

mum=fLLQQ QanudmL
SyiQn s!,& Byfll am&i!2e E4uQr9

. . 30.2 31.0
2
3
4
5
6
7
8
9

10
11
:;
14
15
16
17
18
19
20
21
22
23
24
25
26

z
29
30

:;
::

%

;:

%
41
42
43
44
45
46
47
48
49

$tg

8/27
8/27
8/27
8/28
8/2s
8/29
8/29
8/30
8/30
8/30
8/31
9/1
9/1
9/1
9/2
9/2
9/2
9/2
9/2
9/3
9/4
9/4
9/5
9/6
9/7
9/7
9/8
9/8
9/8
9/8
9/9
9/9
919
9/9
9/9
9/9
9/1 o
9/10
9/10
9/10
9/1 o
9/1 1
9/1 1
9111
9/1 1
9/1 1
9/1 2
9/1 2

69°51.2’ N
69°46.6 ‘
69°49.4’
69048.3’
69°53.5’
69°47.2’
69049.2’
69 °52.2 ‘
70006.8’
70006.41
69052.9’
69048.5’
70007.6v
7003(3 .7,
70038.1 ‘
70037.0 t
70043.4,
70042.8S
70039.3’
70039.29
70040.8,

70040.8’
70054.8,
71OI)3*81

j’0o18.O’
6g046.6’
69°36.3’
6g05g.1’
69°45.1’
69°38.6’
70023.3’
69046.1 ‘
69024.1 ‘
68059.2,

69°00.5’
69000.0 ‘
68058.71

69%1 .8’
69010.9’
G9011.0~
G80s$),s,
68058.9,

6g001 .8’
6g011.O’
69040.4’
6g011.21
69%1 .3’
e80hg.g,

68001.6’

166°51.5’ U
163°13.4’
163°30.5’
163016.5’
163°56.3~
163°15.9’
163029.4’
163067.4’
165018.5’
165018.8’
163059.6’
163%.8’
162043.8!
160°30.5’
160W9.9’
160018.8’
160029.1s
160029.9’
160018.5f
160006.38
160017.5’
161058.8*
161°57.41
158%6.3’
166031 .3~
168°31.5’
168026.71
166025.6’
167°29.6’
16?028.41
16?041 .11
168°30.6$
168°29.1’
168025.6~
167°30.2’
166033.5’
165032.5 1

165040.0’
165035.2’
165035.6’
165°32.7t
165032.1’
165032.3’
165°34.0’
165W.6~
165033.9*
165%3.7?
166°23.3’
166007.7’

QEM&J!d

17
24

:

23

z
41
31
24
15
17
18
22
43
42
23

:;
M
45
55
46
52
51
46

::
50
51
52
52

;{

20
30
26
18
19
22

;

21
33
25

6.8
7.0
7.0
6.6
6.7
6.8
6.4
6.3
5.7

:::
6.0
4.8
4.8
5.3
2.9
3.1
5.2
4.8

H
0.2
0.2
1.8
1.6
3.0
3.0
2.2
3.8
0.2
2.0
2.7
6.1
5.8
7.1
6.8
:.:

.

:%
6.5

::;

::;
6.4
6.4
7.5

6.8
4.5
7.0
2.4

6:8
2.3
4.3
4.0
2.4

:::
4.8

R
4.6
4.5
5.2
4.7

4.0
0.5
4.0

0.9
2.6
1.3
1.6

-0.8
1.0
3.4

:::
6.7
6.8
7.0
6.8

:::
6.5

::;
4.5

6;9

R

28.6
28.7
28.7
29.9
28.7
28.6
29.8
30.7
30.8
29.9
28.7
28.9
29.3
29.3
27.0
29.5
30.0
30.0
29.3
30.1
30.7
29.6
29.6
28.9
28.8
30.8
30.2
29.3
30.2
27.5
29.0
31.6
30.5
30.4
30.2
29.5
29.8
30.1
30.2
29.5
29.5
29.6
30.0
27.8
29.9
29.4
29.3
30.4

28.6
30.0
28.7
30.6

28.6
30.6
37.0
31.0
30.8
29.3
29.8
29.3
29.5

?0:;
30.6
30.0
29.3

31.3
31.7
30.8

32.5
32.6
31.8
32.1
32.0
3 2 . 2
3 2 . 6
3 2 . 0
3 1 . 3
31 .4
3 0 . 9
2 9 . 5
2 9 . 9
3 0 . 4
3 0 . 2
2 9 . 5
2 9 . 5
30 .0
3 0 . 2
31 .0

3 0 . 0
3 1 . 0
3 0 . 5
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10.2 Winter Catch Data Listings

This section contains length, body weight, and stomach content wet

weight data for the 204 Arctic cod taken during the 16-25 March sampling

period. Stomach contents indicated as 0.01 g include all weights less

than or equal toO.01 g.

253



S$s@$21 D a t e , Weight (q)

i 3/16/E3 4 . 2 7
1 . 3 2

2 3@3/83 3.97
3.24
4.17
2.00
2,56
2.03
1.72
5.41
1.96
1.85
2.16
1.93
2.93
2.08
2.30
1.48
1.68
1.84

2 3/19/83 2.49 “
2.48
2.76
$.44
3.23
2.91
3.47
2.45
1.77
2.74
2.30
1.54
5.13
2.27
3.70
1.87
2.76
2.31
2.19
2.35
2.37
2.03
3.41

2.74
1.92
1.65
1.96
2.74
2.42
2.64
3.06

Fork Lenqth(mn}

ao
55

80
75
80
65
70
64
65
90
64
63
67
67
75
67
67
60
61
63

66
67
69
58
75
70
74
65
63
66
65
62
82
67
75
60
67
60
67
68
67
65
71

70
65
60
64
68
67
70
72

Weight of
Stomach Contents(g)

0.02
0.01

2 5 4



Winte: F@ W=: AR~Ic COD

Station Date Weight (q)

2 3/19/83 1.47
1.93
2.05
2.14
1.10
1.33
1.03

2

2

3/20/83 7.68
3.57
1.57
2.43
2.86
2.07
1.71
4.25
2.45
2.43
2.87
2.59
1.24
1.50
1.74
3.97
2.20
1.96
2.38
3.26
2.24
2.22
2.08
2.24
2.42
2.44
2.31
1.13

3/21/63 3.38
2.91
2.40
2.89
2.21
2.05
2.56
2.50
2.33
2.19
1.95
1.50
1.95
1.63
1.62
1.61
0.97
1.31
1.55
1.95

Fork Length(m)

58
64
64
63
53
55
53

99
75
60
69
75
67
60
79
70
67
70
S8
56
60
60
78
62
61
65
75
66
62
62
68
67
70
68
55

74
70
66
68
66
66
68
68
64
65
63
59
64
61
61
61
54
55
58
64

Weight of
Stomach Contents(q)

0.01
0.01
0.01
0.01
0.01
0.01
0.08
0.00
0.06
0.01
0.01
0.01
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Winter Eyke Nete: ARCTIC COD

Station Date Weight (g)

2 3 / 2 1 / 8 3 1.20
1.93
1.58
4.8s
5.70
1.43
1.02
4.44
0.53
4.00
4.70
3.05
3.42
2.52
4.14

4.48
2.75
2.61
7.97
2.29
1.94
1.95
2.52
3.96
2.22
2.86
3.06
2.75
1.62
1.97
1.82
1.97
1.61
1.40
1.72
1.59
1.62

2 3 /22 /83 5 .84
4 .81
1 .89
2 .63
1.S6
1 .76
1 .47
1.12
1.89
1 . 3 9
1.47
0 .81
1 .63
1 .01
0 .82

pork Length (mm)

58
60
60
80
90
62
51
84
44
78
83
74
78
69
80

80
68
69
73
66
63
60
68
75
65
70
70
69
62
66
63
62
62
60
60
59
57

94
87
64
70
62
67
60
57
62
60
57
50
62
55
48

Weight of
Stomech Contents(g)

0.05
0.05
0.02
0.00
0.01
0.01

.

0.04
0.01
0.01
0.01
0.00
0.01
0.00
0.01
0.01
0.01
0.02
0.00
0.00
0.00
0.01
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Winter  ~ke Nets: ARCTIc CPD

station Date

3 3/2 1/83

Weight (q)

3 .28
2 .59
2 .47
2 .08
1.47
2 .37
1 .71
1.54
1 .15
2 .68
1 .29
2 .52

1 .37
2 .47
1 .24
1 .25
1 .31
2 . 0 9
1 .69

3/22/83 2.64
3.2S
2.29
1.47

3/23/83 2.38
2.53
2.31

3/25/83 4 .47
2 .43
1 .04
1.12
1 .01

3/26/B3

3/27/83

3/’28/83

2.62
2.75

1.91
1.96

4.47
2.54
2.4a
4 .33
2 .52
1.39
4 .37

Fork Length (m)

70
68
65
64
57
67
60
60
54
70
60
70

59
69
55
5-?
58
60
62

70
72
66
59

65
70
66

80
60
49
50
49

62
66

59
58

77
66
65
75
64
58
79

Weight of
Stomach Contents (g)

0.28
0.09
0.06
0.06
0.02
0.03
0.04
0.03
0.02
0.03
0.03
0.06
A

0.05
0.06
0.01
0.00
0.00
0.00
0.06

0.04
0.05
0.06
0.04

0.05
0.04
0.04

0.24
0.15
0.02
0.01
0.01

0.18
0.11

0.10
0.00

0.37
0.11
0.07
0.20
0.1s
0.09
0.26
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10.3 Fish Catch and Effort Data L$stings (Point Lay)

This section contains the fishing effort and catch by gear type for

the 1983 Point bay sampling period. The actual catch of the most abundant

species taken at each station is gtven on a daily basis. Data is provided

for the following species:

F~ke Nets

Arctic cod

Capelin

Fourhorn sculpin

Arctic flounder

Boreal smelt

Saffron cod

Pacific herring

Boreal smelt

Fourhorn  sculpin

Arctic flounder
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EFFORT SUMMARY - FXKE NETS (Haurs Fished)

Station:

71181~3
‘f/19/83
7/20/83
7/21/83
7/22/83
7/23183
7124i83
7!2!3183
7/26183
‘I12”rl~3
7/28/83
7129183
7/30183
‘w;?

8/2f83
813183
814183
8/5/83
8/6!83
817183
8/8/83
8/9/83
8110183
8111183
8112183
0/13183
8114/83
8/15183
8116(83
8/17183
8118[83
81~q/a3
8/20/83
a/21/83
ai22183
a/231a3
8/24/83
a125i83
8/26183
8/27183
8128i83
8i2!lla$
8/30183
8/31/83
#lean
Std. Dev~
std. Err.
Y
Total

1

m
20.3

2

26.0
22.

i&

71.3

26.5
21.5
22*5
22.5
29.6
1~.o
24.5

20.0
19.5

47.0
.

46.5
24.0
??9,$

.
50.0
21.0
23.0

13.0
3.29

37;:8

30.5
12.3
3.90

39jt0 682.8
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------  -- . . . ..-.s ---  - -----  . . . -.. . .

station..

T/18/83
7/19/83
‘7120183
~/21/83
7/22/83
7123/83
7/24/83
7/25/83
I’/26/83
7/27/83
7/28/83
7/29/83
7/30/tJ3
71311$3
w;:;

8/3/83
8/8/83
8 /5 /83
816)83
8 /7 /83
8/8/83
8/9/83
8110/83
8!11/83
8/12/83
8/13/83
8/14/83
8/15/83
8/16/83
8/17183
8/18183
8/19183
8/20183
8/21 183
8/22183
8/23/83
8/24/83
8/25/83
8/26183
8/27/83
8128/83
8/29/83
8/30183
8/31/83
9/1/83
Mean

ALA-IS*

23.0

24.3
18.5

24.0

.

19.3

53.0

20.0

72.0

23.0

24.3
18.5

19.3

53.0

20.5

72.0

30.0

.

24.0
-

50.0
25.3

-
.

21.0

47.0
24.5
29.0

30.0
23.2

50.5
25.5

23.0

24.0

21.0

47.0
24.0
29.0

24.0

-

-

25.0
-.

23”.5

20.5

.

19.8
21.3
24.5
25.0
22.8

21.3

.

.

28.0

24.0
24.0
20.0

20.0

21.5
22.5

72.0
24.0

23.0

21.0

20.0

22.5

72.0

.

24.0

24.5

. .
c.

~~ ~ ~~ ~~ L -
31.8 32.9 31.4 33.6 24.o 23.0 26.o 22.0 38.2 24.3

Std. Dev. 19.8 21.0 11.0 16.1 24.o 2.3 12.9 1 . 4  2 9 . 3
Std.  Err . :.0 7.9 :.9 4.9 24.o 1.3 ‘1;.3 1 . 0  1 6 . 9 ::
N 7 11 1 2 3 2
Total 2s4.1 230.6 250.8 369.2 24.o 6;.0 390.7 44.0 114.5 48.5

60.0
46.o
23.2
19.8
21.3
24.5
25.0
22.8
24.0

0.O
100.5
50.8
48.6
37.0
48.0
21.3
46.5
24.0
0.0
0.0
0.0

20.0
24.0

0.0
48.o

0.0
0.0
0.O

20.5
28.0
38.6
24.0

130.0
62.o

0.0
114.0
;;.;

62:0
45.0

0.0
21.0

288.o
24.0

0.0

1795.4
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Catch Sumsry$ Fyke Nets

SD*9 *
Arctic  cod
Capelin
Fourhorn sculpin
Arctic flounder
Saffron cod
Boreal smelt
Great sculpin
Pink salmon
Arctic char
Least cisco
Longhead dab
Bening elecc
Pacific sand lance
Threespine stioklebaek

Catch  $unuuaryt Gill Nets

Soectes

Pacific he~r$ng
Fcurhorn scu~p~n
Boreal smelt
Arctic flounder
Pink salmon
Capelin
Arctic cod
&cnghead dab
Great sculpiq
Saffron cad
Sturgeon poacher
Bering cisco
Chum salmon

4014 1191
w:

115:
1512 202

110 155
1 79

24 1
5 1
2 1
2
1

1
1
1

5205
3344
2643
1714
265
13Q
25
6
3
2
1
1
1
1

13,345

39 201 137 21 49
0 58 59 21 1: 16 ?9
t 77 0 7 20 15 66
0 11 13 18 50 3 1
0 22 0 0 0 5
b i90001
9Q00Q2

:45qol
020001;
o 1 0 1 0 0 2
0 2 0 0 0 0 1
Qoloooo
o 0 0 0 0 1 0

527
202
186

96
28
16
12
11

5

;
1
1

1092
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FYKE NETS; Arctio Cod FYKE NETS: Capelin FYKE NETS: Fourhorn Sculpin

&@tiou.

7/18/83
7/19/83
7/20/83
7/21/83
7/22/83
7/23/83
7/24/83
7/25183
7126183
7/2”1183
7/28/83
7129183
7/30f83
;;;;;;3

8/2183
8/3/83
8/4183
8/5/83
8/6/83
8/7/83
8/8/83
8/9/83
8110/83
8/11/83
8/12/83
8113183
8/14183
8/15/83
8/16/83
8/17/83
8/18/83
8/19/83
8/20/83
8/21/83
8/22/83
8/23183
8/24/83
8/25183
8/26/83
8/27/83
8/28/83
8/29183
8/30/83
8/31183
Total

119
709

99
287
164
385

476

296
66
28
15

866
375
129

.

.

-

.

~
4014

.

335
86

7/18/83
7/19/83
7/20/83
7/21/83
7/22/83
7/23/83
7/24/83
7/25/83
7/26/83
7/27/83
7/28/83
7/29/83
7/30/83
7/31/83
8 /1 /83
8/2183
8 /3 /83
8/4/83
8 /5 /83
8/6/83
8/7/83
8/8183
819183
8/10/83
8111/83
8112183
8/13/83
8/14/83
8/15/83
8 / 1 6 / 8 3
8/17/83
8/18/83
8/19/83
8/20/83
8/21183
8/22183
8/23/83
8/24/83
8/25/83
8/26/83
8/27/83
8/28i83
8/29/83
8/30/83
8/31/83
Total

o
0
0
0
0
0

.

0

1
1
0

134
2698

498
11

.

.

.

~
3343

.

.

0
0

0

0
0
0

0
0
0

-i
1

&tationL.

7118/83
7119183
712018J
7/21/83
7122/83
7123/83
7/24/83
7/25/83
7126/83
7/27183
7/28183
7129183
7/30/83
:;:;;:3

8/2/83
813/83
8/4/83
8i5/8B
816/83
8/7/83
8/8/83
8/$)183
8110/83
8/11/83
8/1218s
8113/83
8/14/83
8/15183
8/16/83
8/17/83
8/18183
8119/83
8/20/83
8/21/83
8/22/83
8/23183
8/24/83
8/25183
8/26/83
812’1/8j
8/28/83
8/29/83
8/30/63
8131/83
Total

3::
86

161
277
242

16

1:

b:
53

230
11
-,

.

~
1491

5205 3344 2643



FYKE NETS: Arctio Flounder

7/18183
7119/83
7/20/83
7/21/83
7/22183
7/23/83
7/24/83
7/25183
712bi83
7/27/83
7128/83
7/29183
7/30/83
;;;;;;3

812183
8/3/83
814/83
815/83
8/6183
8/7/83
8/8183
8/9/83
8/10183
8/11183
8/12/83
8/13183
8/14/83
8/15/83
8/16/83
8/17/83
8118/83
8/19/83
8/20/83
8/21183
8/22/83
8/23/83
8/24/83
8/25/83
8/26183
8/27/83
8/28/83
8/29183
8/30183
8131/83
Total

6;
27

188
109
92

57

65
13
36

752

:;
11

.

-
1512

1714

i!:
17

25
2

18

46
0

._&
202

FYKE NETS: Saffron Cod

7/18/83
7/19/83
7/20/83
7/21183
7/22/83
7123!83
7/24/83
7/25/83
7126/83
7127/83
7128/83
7129/83
7/30/83
7/31/83
0/1/83
8/2/83
8/3/83
8/4/83
8/5183
816/83
8/7/83
818183
8/9/83
8/10/83
8/11/83
8/12/83
8113183
8/14/83
8115183
8/16/83
8/17/83
8/18/83
8/19/83
8120/83
8/21/83
8/22/83
8/23/83
8/24/83
8/25/83
8/26/83
8/27183
8/28/83
8/29/03
8/30/83
8/31/83
Total

265

0
0
0
1
0
5

24

0
0

6f!
1

12
0

110

0
22

21

29
2

29

;3
3

A
155

FYKE NETS: Boreal Smelt

7/18/83
7/19183
7/20/83
7/21/83
7/22/83
7123/83
7124183
7/25183
7/26/83
7/27183
7/28/83
7/29183
7/30/83
7/3~/a3
8/1/83
8/2183
8/3/83
814/83
8/5/83
816183
8/7183
8/8/83
8/9/83
8/10/83
8/11183
8/12183
8/13/83
8/14/83
8/15/83
8/16/83
8117/83
8/18/83
8/19/83
8/20/83
8121183
8/22/83
8/23/83
8/24/83
8125/83
8/26/83
8/27/83
8/28/83
8/29/83
8/30/83
8/31/83
Total 133

134

0
1
0
0
0
0

0

0
0
0
0
0
0
0

1

‘ 8
16

1

- 4
44

6

44
6
3



N

GILL NETS:

7/10/83
7/19183
‘li2Q183
7/21/83
7/22/83
7/23/83
7i2k/83
7/25/83
7/26/83
7/27/83
7/28/83
7129/83
7/30183
7/31/83
7/1/83
8/2183
8/3/83
8fb183
8/5183
816/83
8/7/83
8/8183
8/9183
8110/83
8111183
8/12/83
8/13/83
8/14/83
8/15183
8/16/83
8/17/83
8/18/83
8/19/83
8/20183
8/21[83
8122/83
8i23/83
8/24183
8/25/83
8/26/83
8/27/83
8/28/83
8/29183
8i30/83
8/31/83
9/1/83
Total

Fourhorn Sculpin

l_!l__!U_L_6_L  A MLLiAl

o

.

0
0

.
0

.

0

0

0

0

~.

o

0

0

0
0

i

13

0

7
3

14

L.

.

.

0

56
0

3
-

-

L—

.

0
1
0
4
0

3

-

0

2
1
0

0

2
2
-

4
2

L-

.

.

.

19

.
-

.

0

.

2

12

2

.

17

12

o 58 59 21 19 16 29

0
0
0
0
1
0
4
0
0
0
0
0
0
0
3
3

75
0
0
0
0

1:

1:
0
0
0
3
0
0
2
1
0
0
7

15
14

2
14

0
0
6
2

2
202

GILL NETS: Arcti.o  Flounder

7/18/83
7/19/83
7120183
7/21/U3
7/22/83
7/23/83
7124i83
7125183
7/26/83
7127183
7/28/83
7129/83
7130/83
7/31/83
711/83
812/83
813183
814183
815f83
8/6183
817/83
818/83
819183
8/10183
8/11/83
8/12/83
8/13/83
8114183
8i15183
8116/83
8117/83
8118/83
8119/83
8/20183
8/21/83
8122/83
8123/83
8[24/83
8/25/u3
8!26/83
8127/83
8128/83
8/29/83
8130/83
8!31/83
911183 AL~~ ~- -
Total o 11 13 18 50 3 1

0
.
.

.

.

.

0
0

.

0

0

0

0

0

0

0
-

0

0
0

0

.

7

1

0
0
1

0

13
0

0

0
9
0
1
0

1

.

0

1
0
0

0

i
o

2
0

.

50

.
0

.

0

2

1

0
0
0
0

:
1
0
0
0
0
0
0
0
0

6;
o
0
0
0
0
1

;
o
0
0
0
0
0
1
0
1
0
0
0

:
2
0
0
3
0

G_
96



GILL NETS: Paciflo Herring GILL NETS: Boreal Smelt

7/18/83
7!19/83
7120183
7121/U3
7122/83
7/23/83
7/24/83
7/25/83
7/26/83
7/27/83
7/28/83
7129/e3
7/30/83
7/31183
711183
8/2/83
8/3183
8/4183
8/5/83
8/6183
8/7/83
8/8/83
8/9/83
8/10183
8/11/83
8/12/83
8/13/83
8/14/83
8/15/83
8/16/83
8/17/83
8/18/83
8/19/83
8120/83
8/21/t13
8/22/83
8/23183
8/24/83
8/25/83
8/26/83
8/27/83
8/28183
8/29/83
8/30/83
8/31/83
9/1/83
Total

o
.

.

0
0

.

.

24

0

1

.
13

1

0
0
.

0
0
0

1
.

.

28

39

29
64
32

-

-

0
13

2

.

122

.

0
0
0
0
0

0

.

1
.

18
0
0

1

0
1

0
0

.

.

.

.

-

5

.

39

5

.
-

-

.

.

58

22

—-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

13
2
0
0
0

5:
0

52
0
0
0

122
1
0

18
1

39

3:
86
32
13
40

0
0
6
0

L
527

Statim.

7118/83
?/19/83
7/20/u3
7/21/83
7122/83
7/23/83
7/24/83
7/25/83
7/26/83
7/27/83
7/28/83
7129183
7{30/83
7/31/83
7/lftJ3
8/2/83
8/3183
8/4/83
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10.4 Length-frequency Data Listings (Point Lay)

this section contains length-frequency databy gear type for fish

that were measured during the Point Lay sampling effort. Data is provided

for the following species:

Fvke Nets

Arctic cod

Fourhorn sculpin

Arctic flowader

Saffron cod

Boreal smelt

Capelin

Pacific herring

Fourhorn  sculpin

Boreal smelt

Arctic flounder
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GILL nets  Sp@oles: Pourhorn Suulpln
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Gill Nets Specliea:

RakfMfuti
Length[mm)
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0 1 1 1  Mets Spcclea:  Boreal  Smelt

1
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Fyke Net (Ooean) Speaies: Arotio Cod
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Fyke N e t  (Oman) Species: Fourhorn

Lu.fL31i!.(12.l!.u

Soulpin
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Fyka Net (Lagoon) SpeoiesI Fourhorn  Seulpln
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Pyka Wok (Oacan)
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Fyke ?let (Lagoon) Speoiea: Amtlo Floundar
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Fyke Net (Lagoon) Species: Boreal Smelt

Rard.uu!MIl
Length(mm)
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::
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Fyke Net (Oooan)
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10,5 Fish Catch and Effort Listings (~coverw Cruise)

This section contains fishing effort and catch data by gear type for

the t983Jliscoverer  cruise sampling effort. Actual catch by species is

listed for each station.

. .

586



Geographic Coordinates/Depth: Otter Trawls

StatIon.

;
4

:
7
8
9

10
11
12
13
14
16
17
18
20
21
22
23
25
26
27
28
29

27/08/83
28/08/83
30/08/83
30108183
30108/83
31/08/83
3I108I83
31/08183
31/08/83
31/08183
1/09/83
1109/83
.l/09f83
2/09/83
2/09183
2/09183
8109/83
10/09/83
10/09/83
10/09/83
11/09/83
11/09/83
11/09/83
12/09/83
12/09/83

Latitud.a

69”47:N
69~45-N
70G 74N
70010-N
69052ZN
69e50zN
69G 47ZN
69e45zN
690 46*N
690 46-N
700 9N
70~33”N
70031”N
70 39-N
70°40”N
70° 42”N
69~45”tl
690 l-N
6901 l-N
6805 2-N
680 52-N
680 56-N
6904 O-N
6805 O-N
68 l-N

JOn~tuda
.

163 16”N
163 19-N
165 24”N
165 34-N
164 4-N
163 33”N
163 15-N
163 4-N
163 4-N
163 4-N
162 45-N
160 33-N
160 34-N
160 ll-N
160 17”N
160 30”N
167 29-N
165 35-N
165 40-N
165 28-N
165 27-N
165 28-N
165 33-N
166 23-N
166 1-N

Geographic Coordinates/Depth: Gill Nets

Sta~im

1
2
3
4

z
7
8
9

10
11
12
13
14

29/08/83
28/08/83
28/08/83
31/08/83
30/08/83
30/08{83
3/09/83
2/09/83
3/09/83
10/09/83
10/09/83
10/09/83
11/09/83
11/09/83

itud~

69~45:N
69 47 N
69”46-N
69j49”N
69 52-N
70° fj”N
70”38”N
70”38”N
70° 40-N
68°510N
68° 52-N
68“ 52-N
69” l-N
69°1 l-N

tude

163° 4:w
163”16w
163° 6-W
163029-w
163” 57-W
165020-W
160° 5-W
1 6 0 °  ~W
160° 17-w
165029-w
165” 33”W
165° 2gW
165” 33”W
165°34”w

Deoth (d,

17
17
42
43
29
23
15
13
13
13
18
20
17
20
24
42
48
21
30
7
7

4:
31
26

Renth (TU)

9
18
13
23
27
41
15
15
22
16
10
10
22
27
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Effort Summary: Otter Trawls

1
3
4
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8
9
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13
14
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25
26
27
28
29

25’
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Effort Summary: Gill Nets
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Catoh Summary; Otter trawl. SpeoifJ8 by 8tation
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Catoh Summary: Otter trawl, Speoiea by Station
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Catah  J3ummary:  Gill n e t s ,  Speoiea b y  S t a t i o n
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10.6 Length-frequency Data ~istzngs (Ri~c Cruise)

This section shows length-frequency data for the most a4undant

species cauqht by otter trawl during the 1983 R&mu2r= Crui=a Data is
provided for the following species:
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O t t e r  trawl $Shorthorn  aoulpin
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