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SUMVARY AND CONCLUSI ONS

A fish study of limted duration (25 July-5 August) was undertaken in
1982 to determne if fish utilization of partially-closed, pulsing |agoons
in the eastern Alaskan Beaufort Sea was simlar to that in nore open
| agoons (e.g. Sinpson Lagoon, a barrier-island [agoon systemin the
central Beaufort).

Resul ts suggested that both types of |agoons are used by anadromous
(arctic ciscoand arctic char) and marine (arctic flounder and fourhorn
sculpin) species for feeding on epibenthic invertebrates during the open-
water season. The absence of |east cisco, broad and hunpback whitefishes
in the eastern Beaufort is attributed nore to the lack of spawning
popul ations in nearby rivers thanto the absence of required habitat in
the nearshore waters. Large individuals of arctic cisco, arctic char and
fourhorn sculpin occur in simlar abundances in all |agoons sanpled from
Pt. Barrow, Al aska to the Mackenzie 'River Delta, Northwest Territories.
Smal l er individuals of these species were less uniformy distributed anong
coastal habitat types.

| NTRODUCTI ON

The rapid pace of oil and gas devel opment activities in the Al askan
Beauf ort Sea has increased the need to assess the potential inpact of
these activities at a variety of locations along the coast. In partia
response to this need, detailed information on the fish use of Sinpson
Lagoon, a barrier-island |agoon system relatively open to the sea, was
col l ected between 1977 and 1979 and this know edge was used to determ ne
the vulnerability of habitat types in this systemto future devel opnent.
The results of the study showed that Sinpson Lagoon was used by anadronous
and nmarine fishes to feed extensively on epibenthic invertebrates and to
accumulate f 00d reserves for spawning and/or overwintering. In addition,
the results suggested that food was plentiful in the preferred habitats of
the fish. The present study was initiated to conmpare the fish use of the
relatively closed, pulsing |agoons located in the eastern portion of the
Al askan Beaufort Sea to that found in the nmore open |agoons typified by
Si npson Lagoon.
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Sufficient data had been gathered on the fish resources in the study
area to reliably predict what species were likely to be present, their
overall life history characteristics and to sone degree their’ tenpora
patterns of abundance. These predictions were based prinarily on the
results from Kaktovi k Lagoon, just west of the proposed study area, and
Nunal uk Lagoon sone 100 kmto the east. The approach used in this study
was to utilize the available information in conjunction with new data
collected fromthe closed or pulsing lagoons in the eastern A askan
Beaufort Sea.

Cbj ectives of the study were to:

1. Examne previously conducted studies (in or adjacent to the
study area) in relationto fish use of different types of
Beaufort Sea coastal habitats.

2. Examne fish use of a pulsing lagoon and adjacent waters
and conpare the conposition and spatial patterns of fish
use observed to those of other |agoon types.

3. Conpare the trophic significance of epibenthic
invertebrates in the diets of key fish species in closed
and cpen |agoon systens.

Know edge about fish resources in the Beaufort Sea has advanced
steadily during the past decade, and in central coastal areas is
sufficiently detailed to allow conparisons anmong aquatic habitats and
their uses by fish. Craig (1983) presents an overview of available
I nformation.

A considerable effort has been expended in studies of the Sinpson
Lagoon- Prudhoe Bay area (e.g. Bendock 1979, Moulton et a. 190; Caig and
Hal dorson 1981, Craig and Giffiths 1981, Giffiths and Gallaway 1982).
In the last few years several site-specific fish studies have been
undertaken in this area including the Vterflood causeway study in Prudhoe
Bay (Giffiths and Gllaway 1982) and summer use by fish of the
Sagavanirktok Delta region (Giffiths et al. 1982).

By conparison, the level of information available for other areas is
much | ess, although several useful studies have been conducted in the
geographic region of enphasis for this project, Barter Islandto
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Demarcation Point. Survey efforts here have been generally adequate to
determ ne species conposition in various coastal habitats (Roguski and
Komarek 1972, Ward and Craig 1974, Giffiths et al. 1977). Two
particularly pertinent studies are seasonal exam nations of fishes in
Kakt ovi k Lagoon near Barter Island (Giffiths et al. 1977) and Nunal uk
Lagoon in Canada (Giffiths et al. 1975).

STUDY AREA

The “PREFACE' to this volume gives a general description of the study
area. However, Figure 3-1 in this Chapter on "FISH' gives specific
| ocations of fyke and gill net sanpling stations.

METHDS

Field investigations for this study were conducted over the period 25
July-5 August 1982.  The program included the collection of water quality
data (tenperature and salinity) and biological data (fish) from both Angun
and Beaufort |agoons.

Vater Quality

Water tenperature and salinity were neasured daily at each operating
fyke net sampling station and at each of the 13 gill net stations (see
Fig. 3-1). In all cases, water tenperatures were measured with in-glass
mercury thermometers (+0.5°C) and salinities were measured using a ¥sI-33
salinity/conductivity neter (+0.9 ppt above 4°c; 1.0 ppt bel ow 4°c).

Fyke Net

Fyke net sanpling was conducted daily at two sanpling sites (see Fig.
3-1).  This sanpling nethod was selected as the best overall technique as
it had been denonstrated by previous studies to be an efficient nethod for
collecting both large (>250 mm and small (<250 m) fishes in Prudhoe Bay
and adj acent areas (Bendock 1979, Craig and Haldorson 1981, Craig and
Griffiths 1981, Griffiths and Gallaway 1982).
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Figure 3-1. The eastern Beaufort Sea study area, showing Angun Lagoon

and the western portion of Beaufort Lagoon (Nuvagapak
Lagoon). Fyke net and gill net sanpling stations are

shown .
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Fyke nets consisted of two cod-end traps with a single |ead and two
wings (Fig. 3-2). Traps consisted of a stainless steel frame mouth (1.8 X
1.2 nm) attached to a knotless nylon net (3.7 x 0.9 x 0.9 m 1.27 em
stretched mesh) and contained two throats (15 x 25 cm stretched mesh
knotless nylon). The lead net (61 x 1.2 m 2.5 cmstretched nesh knotless
nyl on) was connected to the center of the two frames. Fyke nets were set

perpendi cularly to shore so that the end traps were in approximtely 1.0 m
of water

Fig. 3-2.  Oientation of fyke nets used in Angun and Beaufort |agoons.

VWeat her permitting, the fyke nets were checked daily. Fish were
enptied fromthe individual cod-ends into a holding pen attached to a
boat. Al specinens were identified, counted and measured (to the nearest
5 m). In cases where large nunbers of small fish (<250 mm were
collected, a subsample of 100 individuals of each species was dip-netted
in a random fashion and nmeasured.

Gl Net

In order to determne species conposition and rel ative abundance of
anadromous fish over a wide area, 13 sites were sanpled by gill net (see
Fig. 3-1). Each sanple represents a 24-h gill net set. Each giil net
used for this study was 45.7 x 1.8 mand was conprised of equal sized
panels (1.54, 5.08 and 7.62 cmstretched mesh) of nonofilanent Iine. The
following information was obtained for each specinmen. species, total or
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fork length (to the nearest nmm), wet weight (to the nearest g), sex and
state of maturity, and stomach contents for dietary anal yses.

Feedi ng Ecol ogy

Stomach contents were identified in the field to the level of major
taxa (e.g. amphipods, mysids, isopeds, bivalves etc.) using the Hynes
Point Method (Hynes 1950) which has been shown to be an adequate method
for determning inportant organisns in the diets of birds and fish in
Si npson Lagoon (Johnson and Richardson 1981, Craig and Haldorson 1981).

Beach Seine

Use of a |arge beach seine had been scheduled to aid in making
density estimates of anadromous Species; however, persistent high w nds
and poor ice conditions precluded the efficient use of this gear.

RESULTS AND DI SCUSSI ON

This section conpares results of the field sanpling programwth
findings fromother fisheries studies conducted along the Al askan and
Canadi an Beaufort Sea coasts. Data describing daily collections and
| engt h-frequenci es of fishes collected are presented in Appendices 3-1 and
3-11.

VWater Quality

Tenperatures in both Angun and Beaufort Lagoons showed narked
decreases during the li-day program (Fig. 3-3). This general cooling
trend was due to the large amount of ice that piled up on the oceanside of
the barrier islands and moved into both lagoons under the influence of the
westerly winds that prevailed during most of the sanpling period. Changes
in salinity did not show a clear pattern. In Angun Lagoon the salinities
tended to increase over the sanpling period, but in Beaufort Lagoon
salinities generally increased for nost of the sanpling period but
decreased markedly during the last two sanpling days (see Fig. 3-3).
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These salinity fluctuations are probably related to the uneven mxing of
saline nmarine waters with brackish 1ageen waters and fresh waters from

streans.

Fi sh Popul ations

The fyke-netting and gillnetting efforts resulted in the capture of
2432 fish (nine species) and 276fish (four species), respecti vely (Table
3-1). In fyke net sanples, two marine species (fourhorn sculpin and
arctic flounder) accounted for over 90%ofthecatchjthemost abundant
anadromous Species were arctic cisco (4.29% and arctic char (3.8%).1n
gill net sanples, arctic char, arctic eisco and fourhorn sculpin
coll ectively conprised over 99%ofthecatch. Sonewhat simlar results
have been reported from Sinpson Lagoon where narine species represented
70-79%of the total fyke-net catches during the two years of the study and
anadromous species conprised 8%%of the total gill net catch (Craig and
Haldorson 1981). But the absence of such anadromous species as hunpback
and broad whitefishes and the | ow nunber of |east eciseco collected during
the study contrasts with results from studies conducted from Prudhoe Bay
to Pt. Barrow (Griffiths and Gallaway 1982, Craig and Haldorson 1981,
Schmidt et al . 1983).

Distribution and Abundance

The catches per unit effort (ceug) of fish caught by both fyke net
and gill net were simlar between Angun and Beaufort l|agoons (Table 3-2)
during the sanpling period. inthe follow ng pages we conpare the
abundance (cpuE) of species caught during this study with those collected
in other investigations along the Beaufort Sea coast (Fig. 3=4). Certain
qual i fying points about these conparisons should be realized.

1. The results used in the conparisons were collected over a
period of years (1974-82) and are thus confounded by nor mal
year-to-year variations.
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Table 3-1. Summary of fish species and nunbers caught in fyke nets and gill nets, 25 July-5
August 1982, Angun and Beaufort |agoons, Al aska.

Total Number of Fish Caught

Common Nane Code Scientific Name Fyke Net Gill Net
Anadr onpus
Arctic ecisco ARCS Coregonus autumnalis 105 103
Arctic char CHAR Salvelinus alpinus 92 105
Least eisco LSCS Coregonus sardinella 2
Arctic grayling GRAY Thymallus arcticus !
Boreal snelt BORS Osmerus eperlanus 2
Ni nespi ne stickl ebacks NN st Pungitius pungitius 1
Mari ne
Fourhorn sculpin FHSC Myoxocephalus quadricornis 1487 67
Arctic flounder ARFL Liopsetta glacialis 738
Saffron cod SFCD Eleginus gracilis 4
Capelin CAPE Mallotus villosus 1

Total s: 2432 276
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Table 3-2. Catch per unit effort (number of fish/h) of the four major fish species collected in
Angun and Beaufort |agoons and other Beaufort Sea locations.
Fyke Net (CPUE)’
Angun Beauf ort Sagavanirktok
Speci es Lagoon Lagoon Si npson Lagoon Prudhoe Bay Delta
1982 1982 19772 9782 19763 19814 19823
ARCS 0.3 0.2 1.5 0.9 0.6 2.3 6. 4
CHAR 0.1 0.3 0.2 1.3 2.0 0.4 1.2
FHSC 3.6 2.8 4.9 17.6 3*4 3.6 6.1
ARFL 142 2.1 <0.1
Gl Net (cpug)’
_ Angun Beauf ort Si mpson Prudhoe  Sagavanirktok .
Speci es Lagoon Lagoon Lagoon Bay Delta Kakt ovi k Nunaluk
1982 1982 19772 19813 19825 19756 19747
ARCS 0.5 0.2 0.7 0.3 1.3 0.8 144
CHAR 0.3 0.4 0.3 0.4 0.5 0.4 0.4
FHsc 0.1 0.3 0.1 0.1 0.4 2.5 0.6

1cpuE nunbers are approxi mate as total nunber of days and/or hours fish could not be precisely
determned for all studies.

2craig and Haldorson 198’

‘Bendock .1979

Yarifriths and Gallaway

‘982

2Griffiths et al. 1982

6~ s

TGriffiths et al. 1975
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2. Sonme of the studies were conducted over the whole of the
open-wat er period while others were of much shorter
duration

3. Athough conparisons are limted to simlar sanpling gear,
there are sone differences within each type of gear that
may have affected the catch rates (e.g. different nesh
sizes in gill nets; different wing and lead lengths in fyke

nets) .

Arctic Cisco

Results from both fyke and gill net studies show a w de variation
between years both at specific sites and anong sites (see Table 3-2).  For
fyke nets the highest CPUE was recorded in front of the Sagavanirkt ok
Delta in 1982 (6.4 fish/h), and the |owest was from Beaufort Lagoon in
1982 (0.2 fish/h). However, as noted above, the year-to-year variations
at a single site can also be substantial (1.5 vs 0.9 fish/h in Sinpson
Lagoon for 1977 and 1978, respectively). Some of the variation in CPUE is
due to the presence of large nunbers of a specific size class at a
particular site (see length frequency conparisons below) rather than |arge
nunbers of all size classes. For exanple, the high cpuE for the
Sagavanirktok River Delta study was due to the presence of 37,955 small .
individual s (<250 mmin length) as opposed to only 458 large fish (>250 mm
in length). Consequently, small arctic ecisco may be nore abundant in the
Si npson Lagoon-Prudhoe Bay. Sagavanirktok River Delta area in contrast to
the eastern Beaufort Sea but larger arctic cisco appear to be nore evenly
distributed along the coast. This is nore evident fromthe gill net data
(see Table 3-2). GII nets are nore biased towards the capture of |arge
fish than fyke nets and the relative abundance of arctic eisco collected
in gill nets, although variable, was nore nearly simlar at the different
| ocations. These data suggested that large arctic eisco (>250 nmin
length) are distributed relatively evenly along the A askan and Canadi an
Beaufort Sea coasts during the open-water season
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Arctic Char

CPUE data for arctic char were less variable than for arctic eisco.
The between-year variation (0.2 fish/h vs. 1.3 fish/h in Sinpson Lagoon
for 1977 and 1978, respectively) was in the sane range as the maxi mum
variation anong sites (2.0 fish/h at Prudhoe Bay 1976 vs. 0.1 fish/h at
Angun Lagoon 1982). In contrast, there was little variation in gill net
cPuE for arctic char among the studies, suggesting that large Arctic char
(>250 mm are relatively evenly distributed along the Beaufort Sea coast.

Four horn Sculpin

The relative abundances of fourhorn seulpin collected in fyke nets
were simlar anmong studies with the exception of two studies (Sinpson
Lagoon 1978, 17.6 fish/h; Sagavanirktok River Delta 1982, 6.1 fish/h).
Reasons for the high catch rates at these two |ocations are not known.
Typically, fyke net results showed fourhorn seculpin t0 be nore abundant in
the nearshore waters of the Beaufort Sea than were Arctic ecisco and Arctic
char, but gill net results usually showed the reverse trend. This
di screpancy is because small fourhorn seulpin are susceptible to capture
in fyke nets but can swimthrough the individual meshes of gill nets.
Large fourhorn sculpin (those vulnerable to capture in gill nets) appeared
to be equally abundant anong |ocations along the Al askan and Canadi an
Beaufort Sea coasts.

In sunmary, there are large variations in CPUE for arctic eisco,
Arctic char and fourhorn seulpin at different l|ocations along the Beaufort
Sea coast, bhut it appears that most of the differences are associated with
the presence or absence of small individuals (<250 nmm of these. species.
GIl net data indicate that larger individuals (>250 nm) of the three
species are nore evenly dispersed in the nearshore coastal waters than are
the smaller ones (see length-frequency conparisons bel ow).

Lengt h-f requency

For comparative purposes, |ength-frequency data for arctic eiseo,
arctic char, fourhorn seculpin and, when available, arctic flounder have
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been conpiled from various studies conducted from Pt. Barrow, Al aska to
the Yukon coast. The results have been further analyzed by gear type

(Table 3-3).

Table 3-3. Summary of gear type, location and year of sanpling from which
| engt h-frequency data for fishes are available.

Cear Year of

__Type Location Sampling Ref erence

Fyke net Eastern Beaufort 1982 This Study
Si npson Lagoon 1978 Craigand Haldorson 1981
Sagavanirktok R ver

Del ta 1982 Griffiths et al. 1982

Gill net Cooper Island Area 1982 Schmidt et al. 1983
Pitt Point Area 1982 Schmidt et al.. 1983
Harrison Bay Area 1982 Schmdt et al. 1983
Colville River 1972 Kogl and Schell 1974
Si npson Lagoon 1977 Crai g and Haldorson 1981
Arctic Wldlife Range 1970 Roguski and Komarek 1972
Kakt ovi k Lagoon 1975 Griffiths et al. 1977
Eastern Beaufort 1982 This Study
Nuraluk Lagoon 1974 Griffiths et al. 1975
Yukon Coast 1974 Kendel et al. 1975

Arctic Cisco

Fyke net length-frequency data for arctic eisco fromthe three
avail abl e locations are shown in Figure 3-5. Results from Sinpson Lagoon
and the eastern Beaufort show similar |ength distribution patterns even
though the sampling efforts are separated by four years in time and the
eastern Beaufort study was only eight days induration conpared to 76 days
for the Sinpson Lagoon study. In both Of these studies small fish (<250
m) and large fish (5250 M) oceur in similar proportions. |n contrast,
in the Sagavanirktok River Delta study small Aretic cisco domi nated the
catch. Sone of the differences anong these lccations may be related to
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Figure 3-5. Len?th-frequency anal yses of Arctic cisco caught
in fyke nets at three sites on the Alaskan Beaufort
Sea coast.
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habitat type--two were conducted in lagoons (i.e. Sinpson and eastern
Beaufort) but the third (Sagavanirktek study) was carried out in front of
a large river.

Many nmore gill net studies have been conducted in the nearshore
waters of the A askan and Canadian Beaufort seas, but as mentioned in the
previous section, this sanpling gear is biased towards |arger individuals.
Al though the arctic eiseo caught west of the cColville River (i.e. Cooper
Island, Pitt Point and Harrison Bay) tend to be slightly smaller than
those fromthe other studies, there is a remarkable simlarity in the
| engt h-frequencies for this species eenthough the studies range over an
el even-year period (1972-82) and are coastwide in scope (Fig. 3-6). These
data suggest that large arctic eisee in sumer are distributed fairly
uniformy along the entire Beaufort Sea coast, occupying a variety of
habi tats.

Arctic Char

As was the case with arctic eiseco, the mean |ength-frequencies of
arctic char fromthe two |agoon studies (Sinpson and eastern Beaufort)
were simlar, but different fromthat of fish fromthe Sagavanirktok Ri ver
Delta study (dom nated by individuals between 250-275 mm (Fig. 3-7).
Reasons for the differences are not readily apparent. Arctic char
representing nost size groups were present at the three locations along
the coast.

The gii1 net |ength-frequency data for arctic char also show a
remarkable simlarity anong years and sites (Fig. 3-8). These data
suggest that large arctic char (>250 mm) are rather uniformy distributed
in the nearshore waters in the open-water season along the Al askan and
Canadi an Beaufort Sea coasts.

Fourhorn Sculpin

Lengt h-frequency data for fourhorn seulpin are available only from
the Sinpson Lagoon and eastern Beaufort studies. Fourhorn seulpin 60- 150
mmin |ength domnated the catch in both places (Fig. 3-9). Length-
frequency patterns were simlar between the two areas, suggesting that all
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size classes of fourhorn sculpin utilized both nearshore lagoon habitats
In sumer.

The gill net length-frequency data from studies across the Al askan
and Canadi an Beaufort Sea coasts showed that the same size groups of large
fish occurred from Pt. Barrow, Alaska to Nunaluk Lagoon, Yukon Territory
(Fig. 3-10).

Arctic Flounder

Only fyke net data are available for this species because it isnot
readily captured in gill nets. In the two fyke net studies conducted
where arctic flounder were measured, two different |ength-frequency
patterns are evident (Fig. 3-11). The results from Sinpson Lagoon showed
large individuals (>150 nm) to be nost abundant, while in the eastern
Beaufort small arctic flounder (80-120 nmin length) domnated the catch.
The reasons for this difference are not evident.

Feedi ng Ecol ogy

The examnation of fish feeding habits in Angun and Beaufort |agoons
I's based on analysis of contents of 175 stonmachs of three species
collected by gill net between 29 July and 5 August 1982. Epibenthic
crustaceans (prinmarily amphipods and mysids) accounted for nost of the
food eaten by arctic eiseo and arctic char, but anphi pods and isopeds were
the dom nant food itens of fourhorn sculpin (Table 3-4).Fish were the
only other inportant food item recorded, representing 10.8% of the diet of
arctic char. Infaunal organisms and plants were not inportant food itens
for any of the three species. These findings suggest that the food chain
for fish in Angun and Beaufort |agoons is very short. The fish feed
primarily on epibenthic invertebrates (amphipods, mysids, isopods) and
these organisms, in turn, feed directly or indireectly on marine primary
production, peat and terrestrial production (Schell et al. 1983).

It is noteworthy that for all species, the average fullness of
stomachs containing food was |ess than 50%and that a substantial portion
of the stomachs were enpty (see Table 3-4). A large proportion of fish
stomachs exam ned from several coastal |agoons [Simpson Lagoon (Craig and
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Table 3-4. Summary of the food itens found in the stomachs of aretic
eiseo, Arctic char and fourhorn seulpin collected in the
eastern Beaufort Sea (Angun and Beaufort Lagoons) 1982.

Food Item

Amphipods
Mysids
Iscopods
Copepods

Chironomids

Fi sh
Fi sh Eggs

Bi val ves
Tunicates
Plants

Uni dentified

g Ful | ness’
Nunmber of enpty
stomachs (%)

4 Conposition (Hynes Poi nt Method)

Arctic Ciseo Arctic Char Fourhorn Sculpin
1y = 75 N = 50 N =50
36.9 56. 8 55.5
51.9 15.5 0.7
28.5
3.6 1.8
0.3
0.7 10.8 3.8
0.1
0.1
0.4
1.8
6.3 15.1 8.7
34 22 39
11 (12.8% 42 (45.7% 3 (5*79

T8 = the nunber

i ncl uded

of stomachs that contained food, enpty stomachs not

‘Percent fullness determined using only stomachs containing food.
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Haldorson 1981), Kaktovi k Lagoon (Griffiths et al. 1977) and Nunaluk
Lagoon, Yukon Territory (Griffiths et al. 1975)] have been empty or only
partly full, but there is no clear pattern of fullness levels anong |agoon
systens. It mght sinply be stated that feeding is not a continuous
activity by fishes in any of the |agoons.

In order te conpare the results of fish feeding habits from various
Beaufort Sea locations, a trophic Spectrum was constructed comprising the
range of foods potentially available to fish (Darnell 1961) (Fig. 3-12).
The five general sources of food used in the trophiec Spectrum were taken
fromthe version used by Craig and Haldorsen (1981) in Sinpson Lagoon:

1. water colum organisns (e.g. fish and zooplankton),
2. nobil e epibenthic i nvertebrates (e.Qg. amphipeds and mysids),
3. sedentary invertebrates (e.g. isopoeds and tunicates),
4, infaunal invertebrates (e.g. polychaetes and bival ves), and
5. flora (e.g. algae and vascular plants).

Arctic Ciseo

In all cases, the vast mpjority of food items consumed by arctic
cisco were water columm and/ or epibenthic organisns (see Fig. 3-12). In
Sinpson Lagoon, Katovik Lagoon and the eastern Beaufort study, anphipods
and mysids were the domnant food organisms, while in the XNunaluk study
copepods, epibenthic polychaetes and fish also contributed significantly
to the diets. This difference may be due to the input of a large vol ume
of fresh water into Nunaluk Lagoon from the Ml col m and Firth rivers,
whereas the levels of freshwater influence in Sinpson Lagoon, Kaktovik
Lagoon and the eastern Beaufort study area were substantially less. The
presence of this large freshwater mass in Nunaluk Lagoon could have caused
a reduction in the abundance of bracki sh water epibenthic invertebrates,
resulting in arctic cisco diets that weedom nated by water colum
organi sms (fish and copepeds). Although nost areas studied contained
substantial infaunal conmunities which, at times, equaled or exceeded the
bi omass of water columm and epibenthic Organi sms, this group was
noticeably absent fromthe diets of arctic ecisco.
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Arctie Char

AS wastheese W th arctic eciseo, the nmost inportant food itens in
the diet of arctic char fromthe four locations were water columm and
epibenthic organi sm(see Fig. 3-12). In Sinpson Lagoon, Kaktovik Lagoon
and the eastern Beaufort Study, amphipods, mysids and to a |esser extent
fish, were the domnant food itenms. Fish and epibenthic polychaetes were
much nmore inportant contributors to the arctic char diet in Nunaluk
Lagoon, presumably for the same reasons nore were eaten by arctic eiseco.
There was a noticeable lack of infaunal organisns in the diets of arctic
char at all |ocations.

Four horn Sculpin

The diet of this bottomdwelling species was remarkably simlar to
those of arctic char and arctic eisco in the four areas studied (see Fig.
3-12).  The one ngjor difference was the inportance of isopods (a
sedentary crustacean) in the diet of fourhorn seulpin.

In sunmary, the diets of arctic eiseo and arctic char were dom nated
by epibenthic invertebrates (amphipods and mysids) with significant
contributions of copepeds and fish in particular areas. There was a high
degree of simlarity in the diets of these species at all the |ocations
studied along the Beaufort Sea coast. Fourhorn sculpin, a bottom -dweller,
consuned both epibenthic invertebrates (amphipeds, mysids) and sedentary
i nvertebrates (isopods). Infaunal Organi Sms were conspicuous by their
absence in the diets of all the fishes exam ned.

GENERAL DI SCUSSI ON

Anadromous fish typically enter nearshore waters of the Beaufort Sea
during spring break-up (md- to late June) and initially occupy the open-
water |eads that form nearshore, before dispersing along the coast to feed
as the ice cover nmelts and recedes. This seaward movenent of anadromous
fish differs fromthat of subarctic anadromus species (e.g. salnmon) in
that it is generally restricted to a longshore band of warm brackish
water adjacent to the mainland shore. This band can be of variable wdth
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depending on climatic conditions and coastal norphol ogy. Al ong exposed
coastal shores the band can be very narrow, but in front of river deltas
(e.g. Sagavanirktok and colville rivers etc.) it can extend several
kilometers out into the ocean, presunably due to the plume of fresh water
flowing out fromthese rivers. The inportance of this band in relation to
the al ong-shore movenents of anadromous and marine species has been dealt
with in sone detail by Craig (1983).

The coastal distribution patterns of anadromous and marine species
vary to sone degree anong species. Craig (1983) suggests that these
patterns are influenced by several factors, including 1) source of fish
stocks, 2) mgration timing, and 3) responses to water tenperature and
salinity. O mjor significance in a geographic sense is that North
Sl ope drainages can be classified (Craig and MeCart 1976) as to stream
type (i.e. coastal plain streams, nountain Streans, andMackenzie system
streams) and that each streamtype is associated with a dom nant group of
anadromous fishes (Fig. 3-13):

Coastal plain streans -  broad and hunmpback whitefishes,
least eisco and sal nmon

Mountain streans arctic char

Mackenzie system streanms -  broad and hunpback whitefishes,
| east and arctic ciscoes,
sal mon

This pattern of freshwater sources of anadremous Stocks is, in turn,
reflected in the ccastwide distribution of anadromous fishes in nearshore
waters. Overall distributions of inportant anadromous Species are
di scussed bel ow.

Broad and Hunmpback whitefishes and Least Cisco

The coastwide summer distributions of these three species are shown
inFig. 3-13. Typically, their nunbers appear to decline rapidly within
100 kmto the east of the Colville River and to the west of the Mckenzie
River when all available data are considered collectively (Roguski and
Komarek 1972, Furniss 1975, Griffiths et al. 1975, Kendel et al. 1975,
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Crai g and MecCart1976,Griffiths et al. 1977, Bendoek 1979, Craig and
Haldorson 1981, G iffiths and Gallaway 1982, Craig 1983, Schmidt et al.
1983). Very few | east eciseco or broad and hunpback whitefishes have been
caught east of Flaxman Island. For exanple, |east cisco accounted for
only 1% of the total catch and no broad or hunpback whitefishes were taken
in Kaktovik Lagoon (Giffiths et al. 1977) and similarly only tWo least
eiseo and no broad or hunpback whitefishes were collected during the
present study. A gill net survey conducted west of the Colville River
showed that the abundances of broad and hunpback whitefishes and | east
cisee do not decline to the west of the Colville River and this suggests
that the tundra streams in this region contain spawning stocks of these
species (Schmdt et al. 1983). The low nunbers of these three species
east of Flaxman Island are not caused by the lack of suitable summer
habitat in the nearshore Beaufort Sea but rather by the absence of
drai nages in tnis region that support spawning popul ations of these
speci es.

Arctic Char and Arctic Cisco

These two species are comonly caught all along the coastline from
Pt. Barrow to the Mackenzie River. Arctic char is the dom nant anadromous
speci es associated with “nountain streams” from the Sagavanirktok River to
the U S./Canadian border. Tagging data indicate that at |east sone aretic
char range widely in the nearshore waters of the Beaufort Sea.

Arctic eisco also range wi dely across the A askan and Canadi an
Beaufort Sea coasts. However, in contrast to char, this species probably
does not spawn in Alaskan waters (Gallaway et al. 1983); the individuals
in Alaskan waters are nmost |ikely froma Mckenzie River stock.

Marine Species

Numer ous studi es conducted in the nearshore waters of both the
Al askan and Canadian Beaufert Seas have shown that arctic cod, fourhorn
seulpin and arctic flounder are w despread and abundant (Griffiths et al.
1983).  These species spend their entire lives in marine or brackish water
habitats, typically overwintering and/or spawning in the deeper waters
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of fshore of the barrier islands and shifting |andward and sometimes noving
through lagoons in sumrer to feed. Densities of arctic cod and arctic
flounder in lagoons are generally low early in the season (just after
break-up) and increase steadily as the season progresses, but fourhorn
sculpin appear to be abundant throughout the open-water season. No arctic
cod were caught in this study.

In sunmary, it appears that the fish use of nearshore waters along
the Beaufort Sea coast is generally simlar in some species but variable
in others. Arctic char, arctic eisco and fourhorn sculpin, occur stall
| ocations and they appear to be feeding on the same or simlar organisns
(epibenthic invertebrates). Differences anong sites in coastal
distributions of anadromous Species occur in |east eiseco and broad and
hunpback whitefishes. These differences are caused by stretches of coast
that have no nearby natal streams of fish stocks, and not by the lack of
suitable coastal habitat for these species.

RELEVANCE TO proBLEMS OF PETROLEUM DEVELOPMENT

The potential effects of petroleum devel opment on fish could be
direct or indirect:

1. direct because of the effects of contamnants (e.g. oi
spills, the release of drilling nuds etc.) or because fish
mgration pathways are blocked by solid-fill causeways.

2. indirect because of the alteration of the nearshore band of
warm brackish water by solid-fill causeways projecting
seaward from shore.

In nost cases the direct nortality due to the effects of oil spills and
rel ease of toxic substances will likely be mninmal since the species
occurring in these waters range widely along the A askan Beaufort Sea
coast and should be able to avoid contam nated areas nearshore. However
fish in certain habitat types |ike angun and Beaufort |agoons (i.e. closed
or pulsing |lagoons) may be affected to a greater extent by such
perturbations because ther avenues of avoi dance may be restricted.
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Solid-fill causeways may project across fish mgration routes, or
alter current patterns so as to change nearshore tenperature and salinity
regi mes (Griffiths and Gallaway 1982). Data collected over the last few
years suggest that both large and small individuals of nost anadromous
species are able to swim around causeways such as the ARCO causeway in
Prudhoe Bay with little apparent effect (Bendock 1979, Griffiths and
Gallaway 1982). But this causeway also deflects warm nearshore water
of fshore to be replaced nearshore by col der, offshore water (Griffiths and
Gallaway 1982). Whether such changes in nearshore water quality affect
habitat utilization by fish is not certain, but the effect would likely be
m ni mal . However, the conbined effect of several. such structures along
the A askan Beaufort Sea coast i s not known and woul d need to be assessed.
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APPENDI CES

Appendi ces contain data on fish captured during the study. Types of
data contained in these appendices are summarized bel ow

Appendi x  3-1 Directional, ryke Net Data Listing
Appendix 3-11 G Il Net Data Listing

APPENDI X 3-1.  Directional Fyke Net Data Listing.

This section contains the catch data (number, length and day caught)
of all fish species |isted below captured in the directional fyke nets.

ArcticC cisco ( ARCS)
Arctic char ( CHAR)
Fourhorn seulpin  ( FHC)
Arctic flounder (ARFL)
Arctic cod (ARCD)
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Directional Fyke Net Speci es: ARCS

DATE(M/D)  I1/26 7/27 7/28 1/29 7/30 1/31 8/1 8/2 8/3 8/%4% B8/5
LENGHT (MM)

81-90 1 2
91-100 2 15
101-110 1 11 1
111-120 1 1 2
121-130 1
131-140
141-150
151-1060
161-170
171-130
181-190
191-200
201-210
211-220
221-230
231-240
241-250
251-260
261-270
271-280
281-290
291-300
301-310
311-320 1
321-330
331-340
341-350
357-360 1
361-370 1
371=380
381-390
391-400 2
401-410 1
411-420 1

421-430 1

431-440

441-450

451-460

461-470

471-480

481-490

491-500

Total 14 19 6 40 20 2

- NN =
—
—
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- NN -
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Directional Fyke Net Speci es: CHAR

DATE(M/D) 1/26 1/27 1/28 1/29 1/30 7/31 8/1 8/2 8/3 8/4

8/5

LENGHT(MM)

81-90

91-100

101- 110 1 !

111-120

121-130 1

131- 140

141- 150

151- 160 1 1
161-170

171-180

181-190 1
191=-200 !
201- 210

211-220 ! !
221-230 1

231- 240 1

241- 250 1 1
251- 260 1 ! !

261- 270

271- 280

281-290 1 1 1

291=300
301- 310 2

311-320 2

321-330 ! 1

331- 340 !

341=350

351- 360 1 1 1

361-370 1 1

371-380 1

381-390 1 1 1 1
391-400 1

401- 410 1

411- 420 2 2

421- 430 2

431- 440 2 1

441- 450 2 1
451- 460 1

461- 470 1 1 3 1

471-480 2 1 2

4812490 l 1

491-500 ! 1
501-510 5 2 2
511-520 2

521-530 2

531-540 3 3

541- 550 2

551-560

561-570

571-580

581-590

591--600

—t
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Directional Fyke Net Speci es: FHSC

DATE(M/DY 7/26 17/27 71/28 7/29 7/30 7/31 8/1._8/2 8/3 8/4 8/5
LENGHT (MM)

31-40 1 1 2

41-50 4 2 2 1

51-60 9 11 23 75 43 27 14
61-70 6 4y 25 147 50 29 21
71-80 21 34 6 34 10 6 10
81-90 5 " 4 14 4 1 12
91-100 76 9 12 8 28 3 3 1
101-110 11 3 15 27 10 5 3
111=-120 5 8 20 13 10 10 4
121-130 5 5 11 19 6 2 7
131-140 3 6 8 3 9 4 2
141- 150 3 2 19 8 5 8 2
151- 160 4 3 8 5 2 5 5
161-170 2 3 4 6 4 4 4
171-180 5 7 8 2 10 5 6
181-190 3 8 15 4 10 8 6
191- 200 6 4 14 8 8 7 13
201- 210 5 5 10 a 4 6 2
211-220 3 2 3 4 3 5
221-230 2 1 2 1 7 9
231- 240 2 4 1 5 4 1
241- 250 3 2 5 1 2
251- 260 2 1 3 2 1 4
261-270 1 1 2 2 1
271-280 2 2

281-290 2

291-300 2 l

301- 310

311-320

321-330

331- 340

341-350

Total 76 111 174 216 414 212 150 134
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Directional Fyke Net Speci es: ARFL

DATE(M/D) 7/26 1/27 1./28 1/29 7/30 7/31 8/1 8/2 8/3 8/4 8/5
LENGHT (MM)

31-40

41-50 1
51-60 1

61-70 5 1 2 1
71-80 4 16 12 30 9
81-90 17 26 22 97 21
91-100 19 24 31 106 20
101-110 10 5 11
111-120 2 2
121-130

131=-140 2 2
141-150

151- 160
161-170
171-180
181-190

191- 200 1
201-210

211- 220 l
221-230 1 1
231-240
241-250 1 1 2
251- 260 1 1
261-270 l
271-280

251- 290

291-300 l

301- 310 1
311-320

321-330

331- 340

341-350

351-360

361=370

371-380

381-390

391-400

Tot al 63 93 97 324 75 55 25
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Directional Fyke Net Speci es: ARCD

DATE(M/D)  I1/26 7/27 1/28 1/29 7/30 7/31 8/1 8/2 8/s/3  8/4 8/5
LENGHT (MM)
31-40
41-50
51-60 !
61-70
71-80
81-90
91-100
101-110
111-120
121-130
131-140
141-150
151-160
161=170
171-180
181-190
191-200
201-210
211-220
221-230
231-240
241-250
251-260
261-270
271-280
281-290
291-300
301-310
311-320
321-330
331-340
341-350
Tot al 1 1
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APPENDI X 3-11. G| Net Data Listing.

This section contains the catch data (nunber and length) of fish
species listed bel ow captured in gill nets.

Arctic ciseo (ARCS)
Arctic char ( CHR)
Fourhorn sculpin  (FHSC )

Gillnet Species  ARCS
Length (mm) Number
321-340 13
341-360 17
361- 380 18
381-400 30
401- 420 13
425- 440 4
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Gll net Speci es CHAR

Length (mm) Nunber
261-280 4
281-300 4
301-320 2
321-340 4
341-360 2
361-380 5
381-400 2
401-420 11
421-440 7
441-460 18
461-480 8
481-500 13
501-520 11
521-540 6
541-560 3
561-580 1
Gillnet Species  FHSC
Length (mm Number
101-120 1
121-140 0
141-160 2
161-180 5
181-200 4
201-220 10
221-240 11
241-260 12
261-280 5
281-300 3
301-320 2
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