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Demersal Fishes and Invertebrates Trawled in the
Northeastern Chukchi and
Western Beaufort Seas, 1976-77

KATHRYN J. FROST andLLOYDE LOARY”

ABSTRACT

Thirty-five successful otter trawl tows were conducted in the northeasters Chnkchi and western Beaufort
Seas in August-September of 1976 and 1977, Nincteen specics OF species gronps of fishes and 23 invertebrate
taxa were identified. Three of the fishes (Boreogadus saida, Lycodes polaris, and Icelus bicornis) accounted fur
65% of all fishes caught. Information on sive, reproductive condition, ynd food habits is presented fur those

three as well as for Artedicllus scaber, Aspidophoroides olriki, Liparis spp., Eumicrotremus derjugini, Gymnelis
viridis, and Ieclus spatula. The first Beaufort Sea records are reported (or three species: Arctogadus glacialis,
Lycodes raridens, and Kumesogrammus praccisus. Of the invertehrate tasa, echinoderms (mainly brittle stars
and crinaids) were the most abundant, and in most cases comprised more than 75% of the totat trawl biomass.
West Of long. 154°W, brittle stars, Ophiura sarsi, were predominant w hereas east d long, 150°W, the inverte-
brate community was characterized by crinoids (Heliometra glacialiv)y and small scul 1ors (Delectopecten
groenlandicus). Information Un sire. reproductive condition, and depth distribution is presented for hrachy-
urau crabs and shrimps and the occurrence of other major insertebeme groups is summarized. A compiete list
of species and stations at which each was coughtis included.

| NTR() [ ) UCTI ON

Since 1975, as a prefude 1o offshore petroleum exploration. bio-
logical rescarch in the Ataskan sector of the Beaufort Sea has been
intensificd under the auspices ol the Alaskan Outer Continental
Shell Environmental Assessment Progim (OQCSEAP). In the
course of these studies, it became evident that information on the
distribution, abundance, and life history characteristics of offshore
fishes and epibenthic invertebrates was almost totally lucking.
Since certain of those organisms were known 10 be imporstant prey
of marine mammals. scabinds. and other fishes. a trawl survey wirs
conducted in the northeastern Chukcehi and western Beautort Scas
tobegin 10 obtain such information. Since trawls were made in con -
junction with aninvestigation of the feeding and trophic relation-
ships of ringed seals, Phoca hispidu, and bearded scals, Erignathus
barbatus, more detailed attention was pitid to species or groups
which were ol” potentialimportance to these scals,

Walters ((1955) summarized information available prior to 1955
on the marine fish fauna of arctic AlasKy and included a discussion
of taxonomy and zoogeography. Alverson and Wilimovsky ( 1966)
and Quast (1972) conducted trawl surveys in the Chukehi Sca south
of Icy Cape. Quast and Hall ( 1972) published i1 list of fishes of
Alitskit and included some new records from Icy Cape and Point
Bitrrow. Pfeifer ( 1977) compiled an extensive bibliography of
fishes Of the Beautort Sca but most of the literature cited thercin
deals with freshwater, anadromous, and nearshore species. Refer
ences o offshore demersal fishes of the northeastern Chukcehi and
western Beaulort Seas are restricted In distributic mid records (pri-
marily from ncar Point Barrow), taxonomic studies. or ancedotal
accounts. Life history information for widely distributed species
cim befound in studics from coastal arctic Alaska (e. g.. Bendock

1979) and Soviet and Canadian waters (Andriyashev 1954: McAl-
lister 1962).

1Alaska Department of Fish and Game. 1300 College Road. Fairbanks, AK
99701.

Information on cpifaunalinvertebrates is restricted largely to the
Barrow arcu and nearshore waters. Mostreports are nf strictly taxo-
nomic nature. The report 01”7 MacGinitie ( 1955] provides the mnst
complete in forntionavaitable on the distribution, abundance, and
life history ol invertebrates near Point Barrow. MacGinitic (- 1959)
described the distribut ion and taxonomy of gastropods in that area
and Hulsemann €1962) gave asimil il treatme 111 (117 bivalve mol-
luses, Shoemither ( 1955) reported on distribution of amphipods and
Menzies and Mohr (1 1962) examined collections of isopods and
tanaids. Hedgpeth ( 1963) reported on pycnogonids nf arctic Amer-
icaand Hulsemann and Soule (1962} | isted some bryozoans found
along the arctic coust of Alaska. Squires ( 1')60) described the distri -
bution and lifc history of decapod crustaccans in the Canadian Arc-
tic. Recentbenthic sum[zling hy Carey ( 1977) in the western
Beaufort Sea has dealt mainly \ith distribution and abundance of
in faunab organtsms. Alsoincluded in that work is a valuable compi-
Lation of distributional information and an exhaustive literature sur-
vey.

METHODS

In 1976 twotows were made in the western Beaufort Sca
between long. 152° and 153°W and lat. 710 and 72°N in water 40
M and1231n deep. 111977 tows were made in the northeastern
Chukchi and western Beaufort Scas between long, 164° and
Il 1°W andlat. 700 and 72°Nin waters 40 to 400 m deep. many
were conducted near the southern edge ot pack ice. We sitmplcd
\\ith semiballoon otter trawls of two sizes. Headropes were 4.9 and
5.8111 (16 and 19 1). Nets were constructed of 3.2 cm ((1Yain)
streteh mesh webbing with ().6 ¢m (Yain) stretch mesh liners in the
cod ends. Tows were 5-10 min bottom time at a speed uf 5-8 km/h,

Organisms were sorted from debris and readily identifiable spe-
cies were counted and weigher.1. The occutrence of rocks, pebbles,
or mud in the net wits noted. All organisms were preserved in 10%
Formal din. Stomachs of fishes wereinjected with 10% Formalin.




In the laboratory, fishes were measuredto Ihe nearest (). | em fork
length (FL). or total length (“I-L) il fork length was notappropriate,
and weighed to lhc nearest 0. 1g. Otoliths were polished and
clearcd in xylene: the annuli wet-c counted ta estimate age. Stomach
contents Of each fish were classticd by major taxonomic group ;Ind

volumetric abundance of cach group was assigned a ranked

1e. Invertebrates from each trawl were identified to Ihe lowest
possible taxonomic level. Members of cach species or taxon were
weighed irnd enumerated. Carapace lengths (CL) of decapod crus-
taceans were measured to the nearest 0. I cm. The numbcrx of nvi-
gerous critbs and shrimps in each trawl were noted.

RESULTS AND DISCUSSION

Thirty -three successful tows were conducted from 2 Augustto 3
September 1977; wo (indicated by A and 0. Fig. i ) were made on
30irnd 31 August 1976. Ten were west of Paint Barrow, 10 between
Barrow and Prudhoe Bay. and 15 between Prudhoe Bay and The
U. S.-Canada demarcation line (long. 14 1'w). Depth distribution
Of tows WilS itS follows: 14 itt 40-50" IIl. I L at51 -1 (M) lll. 9 at
10 1150 m. and 1 at 400 m (Table 1).

Nineteen species or species groups of fishes and 238 species or
species groups 01’ invertebrates were identified (Appendix A). The
natural history infurmatitm prcscnted in this report is only from col-
lections made in 1977: material from the 1976 tows was identificd
and enumerated hut riot further worked up. Representative speci-
mcns uf invertebrates arc catalogued andlocated atthe University
of Alitskit Marine Muscum. Those fishes representing range cxlen-

162°

152°

sions ure held in the Ichthyology Collect ion. National Museun of
Natural Scicnces, National Muscums of Canada, Ottawa, Canada
(NMC).

Fishes

We caughit 13.7 fishes belonging to 14 species” in trawlsmiade in
1976. In the more extensive trawl series done in i 977, 51 2 fishes
were caught belonging tn 17 species (Table 2). Three specics
(Borcogadus saida, Lyvcodes polaris, nnd Ieelus hicornis)
iccounted for 65 % of all fishes caught. Eight specices were repre -
sented by I“ive or fewer specimens.

Previous records of” fishes of northern Alaska have been com-
piled by Walters (1955), Quastand Hall (1972), :111(1 Carey (1 )78).
A listof all marine species reported in those compilations to occur
in the northeastern Chukchi and Beautort Seas is given in Table 3
along with the species recorded in this report and by McAllister
( 1962) for the castern Beaufort Sca. of the 41 species listed, 5
(Limanda aspera, Lumpenus macidatus, Myoxocephalus scorpins,
Nawtichthys pribilovius, and Podothecus acipense rinus) are pri-
marily Bering Sea forms which only rarely: oceur as Far north as
Point Barrow. The remaining 36 specics appear (o be faitly w idcly
distributed and can be considered characteristic ol” the fauna of Ihc

b tolfow ing presentation of resadescand discossion, il snaitishes are consid-
credas Lipaeis spp nd connted as one form. The number of species inhabiting the
notheastern Clishebiand Beaufore Scas cannot at present be deeemined due to tax-
onvic confusion in the group,
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Figure §.—Locations of otter trawl stations in the northeastern Chukehi 111111 westernBeanfort Seas, August-September 1976 and 1977,
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s awss 5 AR KCRUONS OF 35 Tows from the northeastern Chukchi and wesd-

ern Beaulurt Seas duciag Augus-September 1976 and 1977,

Tow Depth Lanwde  Longitude
ml. Date (m) (N) (w) Connunents
A 30 Aug. 1976 123 A% 1s2°8 Pebbles
B 31 Aug. V76 40 714135 }s247.9°  Racks. pebbles.
shells
I 2 Aug. 1977 64 Teay 158°02° Mud. gravel
2 2 Aug. 1977 4s 7119 10001 Mud
3 2 Aug. 1977 62 71 “05" 160"{)8' Rocks
4 3 Avg. 1977 43 71226¢ 16?701 Mud
s 3Aug. 1977 40 Tene 162°30°
6 3 Auvg. 1977 48 TIOAS (LR hd1. M
7 4 Aug. 1977 44 711 163947 Mud
8 4 Aug. 1977 44 7148 162°59 Mud
Y § Auvg. 1977 S0 71407 1ot (w
Al sAug 19727 —KQ ekl sgmas Gravel, nocks
A 7 Aug. 1977 1M)- 120 71048 155%4%° Mud
- n 9 Aug. 1977 400 715?25 154" |&' Mud
1} 10Aug. 1977 s 1-58  71°35.r 1S3y Mull
3 11 Aug, 1977 S0 712167 153°01.9° Rocks
16 12 Aug. 1977 50 AN ENEEEN M L2 N Rocks
\7 12 Aug. 1977 50 71°%6. s 15103y Rochks
A —l6-Aug, 1977 30 71 °06° Lygogae Rachs, mud
19 18 Aug. 1977 “55 T4 et JESU———NGviid
20 26 Aug. 1977 56 70w 14117 Ruocks
2 27 Aug. 1977 s4) ey 141%w Rocks
2 27 Aug. V77 5(1 (" YRS 420NV Rocks
23 27 Aug. Iv77 7s "W s’ der 2y Gravel, rocks
M4 27 Aug. V77 |(15 MUIN ST 143088
25 211 Aug. IVT77 1o 043 K 50 Rewhs
26 29 Aug. V77 50 70'35 5" 145" | 1 Rawks
27 29 Aug. V77T S4 0°4 ( 145 °3
hd ] 29 Aug. 1977 10 71 & 14523 ¢
g 30 Aug. IV77 |30, 70" §0 146°00°
0 30 Aup. 1977 sS4 20°38° 146 4° Racks
3 30 Aug. 1977 56 7{)".s7 146733
» 30 Aug. V77 9-tin 70°S6 5 140" 32
- 31 Aug. V77 0 70N Sy 147" 01 Ruocks
R ASept. 1IV77 150 718y’ 15594
s

northeastern Chukehi and Beautort Seas. For three of those species
(Arerogadus glacialis (NMC82-0027), Lycodes raridens (NMCT78-
0296). and Eumesogrammues praecisus (NMC82-0026), the first
Beaufort Sca records are frnm our trawls. our records of Lycodes
rosyi (NMC78-0289) fill ir major gap in the known distribution of
Ihc species which turd been previously reported only from the Kara
Sca. Spitsbergen, and - Herschel [siia. Canada,

Many of the specieslisted hy other authors were not encountered
in our lows since pelagic species such assalmonids and osmerids
were not adequately sampled by our otter (aw 1 and some species
such as Myoxocephalus quadricornis and Liopsetia glacialis are
restricted in distribution to coastal, brackish waters (Walters 1955;
Alverson iind Wilimovsky 1966). ,

All of the primarily marine species reported from western arctic
Canada by McAlister (1962) hirve beenrecorded frum  arctic
waters of the northeastern Chukehi or western Beaufort Seas (Table
3). McAllister suggested that this low arctic fauna, which he
termed the lnnuit fauna, extends continuousty from the Boothia
Peninsula region of the central Canadian Arctic westward through
the Beaufc wt. Chukchi, East Siberian, Laptey, Kara, and Barents
Scas. Faunal connections with the castern Canadian Arctic and
North Atlantic are restricted. probably because of differences in
wirter temperature, salinity, and ice cover.

Alverson and Wilimovsky ( 1966) and Quast (1972) reported the
results of” trawl surveys in the Chukcehi Sea south and west of Icy
Cape in which they found approximately 43 species of mist-kc
fishes, Fourteen of those, including 3 species of” Pleuroncectidae itnrl
6 species of Cottidac. have not been seported from the northeastern
Chukchi and Beaufort Seas (Table 3). Thaose species are idf primirr-
ily North Pacific/Bering Sca forms which apparently reach the
northern Limitof their distribution in the central Chukehi Sea near
leyCape. As mentioned previously, anadditional five species reach
only to the vii. inity of Paint Barrow.

. --7

Table 2.—Fishes caughtin waters 40 m and deeper in the northeastern Chukehi and western Beaufort Seas during //
Aupust-September 1976 and 1977, rankedin order of decreasing numerical abundance intows, /

NO. of stations

Depth
No of im.li.\' whuals _(1\|_|_li!| Beaufort Fange
Latin namwe Common name 1976 1977 1976 V76 1977 _(ml _ ot
Boreogadus sanda Anctic cond \@ AL X B 1l ? I n 0 30
Lyeades 111 11,18 Canadian celpout 40 K1 ki 2 | YR
feehus bicornis P oborn scuipin 21 t3 SO M
Avtedicllus seuber Hamecon 6 0 5 | A 400
Asprdoplio voides oleiki Arctic altigatortish 17 9 | 2 3 H) 4(K)
Lipuris SP. Sninllish N 29 3 2 Is 40 400
Eumicrorremus derjugini Leathertin lumpaucker 29 I 501 1In
Gymnelis viridis Findv dactos 4 ha 4 | 7 40 1MW)
Toels spatila Spatulate sculpin 6 14 I I 2 56 123
Lumpenus fubricii Slender eelblenny I 2 41128
Lycondes raridens Eclpowt T 7 1 | I 6 - 123
Gymmocanthis 1ricuspis Arctic staghorn sculpin Rl 2 | 2 40-58
Eumesogrammus praec isus Fourtine swakeblenny I 3 2 I 1 0 M
Triglops pgeli Ribhed sculpin | 2 0 | 2 At 10
Lveodes mucosus Saddled eclpout | 2 ] 2 40-11)5
Lveodesrosy Thicespot eelpout 2 I 123
Arctogudus glacialis Polar cod | { | 50
Lumpenus medins Stout eelbenny I | 40
Lumpenus macilatis Daubed shanny | 44




Table 3, —Fishes recorded from the northeastern Chubhehi and Beaufort Seas in
this and pres isus studies,

4
Sources 4 /
Quant &- hit,/\l
Wattens Halt Carey This listes
Soccies [LAN] 1972 1978 repont 1962
Petromy zonidae
Lamperra juponica \ X
Clupeidue
Cluped harengus X 3 3
Salmuonidae
Salvelinus alpinus X \ X X
Oncorhvnehus gorbuscha A X
Oncorhvachus keta ) X \
Osmeridae
Muallons villosus ’ \ \ X \
Osmerus morday 3 3 . X
Myctophidae
Benthosoma glaciale X
Gadidae
Arcrogadus borisovt \ \
Avctogadus glucialis ~ \
Boreogadus saidu X \ Cj X \
Fleeinus gracilis X x
Gudus morhua ogac X X
Zoarcidae
Gynmnelis viridis . \ \
Lycendes jugoricus X X
Lveades mycosus \ \
Lacodes puallidus \ X \
Lycades polaris \ Y X Y
Lycodes rardens \
L.vvendes rossi \ X
Anmnusdy tidae
Ammendvies hesapterus Y X
Cottulae
Artediellus seaber \ X \
Artedictuy uncinas \ \
Gymnocanthus iricuspis X \ \ X
Teelus hicornin ) 1y \ \ \
I elus spatida \ A \
Myotocephalus guudricornis X C e A \
Mvovevephalus seorprodes e \
Myenacephadus scorpius X -
Nautichthvs pribilewius \
Triglops pingeli \ \ \ A
Agonidae
Asprdophoroides olriki . \ 3 x
Posdotheeus acipenserinus \ \
Cyclopteridae
Enmicrotremas derjugini \ X
Liparis spp. Y \ x X X
Stichacidae
Eumesogrammus praceisus \
Lampenys fubricii X \ \ }
Lumpenus macalatny x
Linpenus medius \ x
Pleuronectidac
Limandua aspera \
Liopsenta glucialis X \ \
Platichihys stellatis \

Boreagadus saida.— Arctic cod were the most abundant and con-
sistently present fish in our survey, They were caught in cach of 20
tows west of Prudhoe Bay with an inverige of 9 {ish caught per tow
(range | -26). Howeverthey were caughtin only 10 cd’ 15tows casit
of Prudhoce Bay with an average of only 2 fish caughtpe i tow (runge
0- 1'1). Arctic cod were caughtin all depths between -o and -ivm) m
andwc saw no obvious correlation between abundance and depth 01
tow.

lndividuals were 4.5 1 8.0 e FL w ith if distinctmode il abowt
.O0cmFig. 201 he length-wetght relationship 111 Arctic cod is
WO.00I8 17 “t (N TIX, r - (0.9x7) (Irostand Lowry 198 1).
Fishes canghtin waters deeper than 1(M) mowere lrger (82114 cm
FL) than those caught in shallower water (¥ = X. | em FL). In
waters I(M) i or less deep, 899% of the fishes caught were < 1(1.5
cm FLowhile in deeper water 24% of flishes caught were > 14,0 cm
long. Similar size (or age)segregation has been observed in the
Barents Sea (1 fognestad 19w). 11 is probable that 1hC length-
frequeney distribution for all tows combined was inftuenced by the
depth distribution of the tows. In if series of midwialer tows in Ihe
castern Chukehi Sea, Quast (1974) found the abundance of juvenile
cod was strongly correlated with depth, presumiably due 1) anega-
tive phototactic response.

1. ength o1 age 11~ fishes caught by us wits compared -withthat in
other gengraphic arcas (able 4). 1 is unk nown w hether results for
uther studies were for fresh or preserved specimens. We measured
preserved specimens. Arctic cod we examined had grown about 5
cmthe tirst year and 3-4 cmv in cach of the following 2 yr. These
rates are similar o) but slightly less than those found by other inves -
tigors: §adre s comsacraod Sanamion msizd ; -whichmay
be caused by an extended spawning period (Rass 1968) or patchy
foud resources W ith resulting variable growth.

In other geographic arcas Arctic cod mature when they are 3-4 yr
old or about 14-19 em long (Gjosaeter 1973: Andriyashev 1954).
We found no development of eggs in specimens smaller than 11 em;
gonads miade up about 1% o body wicght. In specimens > 1.5
em. egps were clearly visible in the ovaries, and gonads made up
2.2.5% of the body weight. Based on size at age, Arctic codl in the
Beautort Sea probably first spawn at anage of 3 yrand a length ot at
least 12.5 cm, Spawaing probably occurs in January and Febnrary
(KTnmov T037: Svetovidov 1948: Andrivashev 1954: Hognestad
1908 Rass 190R).

To 187 Arctic codl 157 stomachs had identifiable comtents, 13
were empty, and 17 contained only unidentitiable food remains
Clable 5). Copepads (mostly Calanus hvperhorens. C. glacialis,
and Fuchacta glacialisy and the lumphipml Apherusa glacialis were
the mostimportant prey. Mysids, the primary food of Arctic cod in
nearshore waters (inside the barrier istinds) of the Beaufort Sca
(Bendock 1979). were a minor item i the diet of the fishes we
eximmined from 40 m and deeper.

Lycodes polaris. --Canadian cetpout are benthic fishes common
(it muddy bottoms (A ndriyashev 1954). They 10 ere the second
MosUHICIous species in this study and were caught i 1 6 siut ions.
Forty -one of the 121 individuals were caught i1l tow No. | That
traw 1 as on the bottom for abowt | h while the ship drifted and
niade mechanical repairs, and it is possible that eelpout swam into
the net to deed on the contents. They occurred at 40- 150 111 and
showed no oby ious relationship between abundance and depth,

Individuals ranged from 3.8 to 24.5 em TL with most specimens
measuring < 15 em TLAFig, 3). A mode was present at about 8.0
velationsh ip of Canadian celpout is

cioe The Jepgeth.w ~ight
ety =ight =70 993).

HOOOSL

Due 1o the sialisize and opague nature of the otoliths. | his spc-
cies was poorly su ited for age determinations. The mode at about 8

A4
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Figure 2.—-Length-frequency distribution of Arctic cod caught in
[ 6 ‘ the northeastern Chukchi and western Beasufort Seas, August.
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Table 4.—Mean and range nf length (FL) atvarious ages for Aveticeod in this and other studics.
This study Bendock 1979! Hognestad 1968 Gjosacter 1973 Andriyashey 1954
Location NE Chukehi and Prudhoc Bay Barents Sea Barents Sca Bering and
offshore Beanfort Seas Chukehi Scas
Time of years August August August- September July -September Summer?
Age class I range T range i range x range i range
0+ 2.4 4.2 2.0 6.2 3.1
1+ 7.2 45117 9.9 9.1 S,113l 9.3 B8 7s-Inn
2+ i1.6 9.7 144 131 14.9 8.0 22.( i34 Is. | 144.15.8
I+ 4.1 12.9- 16.0 16. 1 17.9 13u24.s 16.6 19.s 19.0-20.0
4+ 17.1 16.1-18.0 19.s 155 ?27.(1 19.1 22.5 22.0 23.0
5 o+ 0N 173 ?5.2 21.2
6+ 4.3 19.0 2x, X 219

‘See Tootnote 2in fext
i

i\

Table S.—Foods from stomachs nf 187 Arctic rod collected iu offshore waters nf
the northeastern Chukehi and western Beaofort Seas during .\ ugust-Septem-

her 1977.
) Frequency | f
No. of occurrences in tank TFotal no. ot aCCUelee

Foud item [ 2 3 4 oceurrenees %)
Copepods 86 22 2 Ho 0.1
Apherusa glacialis 44 31 7 82 522
Other gammarid

amphipods 3 9 3 15 10.2
Parathemisto sp. 2 ? 4 3 16 0.2
Mysids 4 9 " %9
Euphausiids 2 2 | 5 12
Shrimp | M R 19
Chactognaths 4 k] 7 4.5
Medusae \ 1 0.6

em represented individuals 2 + yroold. The largest individual
caught (24.5 cwv) was probably S+ yr old.
Ovaries of’ specimens <15 c¢mcontained only small ( <1 mm)

eggs While those oz individuals 15 . S cm andlonger contained cggs
of twu or three size clusses. Eggs of the largest size class ranged
from 2.7 to 4.5 min in diameter. The ovaries of individuals 15.5 and
18.9 cm long contained 66 and 135 “large™ eggs, respect ively, and
the gonads made up 8.2 and 19.2% of the body weight. These mea-
surements correspond closely with those of Andriyashev (1 1954).
This species probably spawns in fall or early winter.

In 7-1 stomachs examined, 9 were cmpty and | 2 contained only
unidentifiable food remains. of the stomachs containing identifi-
able food. gammarid amphipods occurred in 27. piilychaete worms
in 12, cumaceans and caprellids each in 4, and isopads, mysids,
shrimp. brittle stars, and Arctic cod in | stomach cach.

Iceluy bicornis.—Sevent y-four twohorn sculping were caught
during the | 977 survey. Only two were caught in the | 8 1ows made
west of Pradhoe Bay. A total of 49 were caught at three stirtions (24,
25. 28 indicating patchy abundance. These sculping occurred at
stations ranging from 50 to 1 30 m. The three still ions of abundance
weie in 105. 11 m.

Twohorn sculpins ranged in length from 3.0 to 7.() ¢m TL (Fig.
4). Mostspecimens >6 cm were fenales (20 of 23) and most <6
cmwere nales (33 of 47). Sexual dimorphism in size is not uncom-
monin sculpins (Andriyashev 1954). Such dilferences in size may
be due i faster growth or differ-cnfiai survival of females. Nine of
1 lindividuals 5 yr or older were {emales. The Icngth-weight rchr-
t tonship was similar for males and females although there was a
tendency tor females With well-developed ovaries 10 fall above the
indicated line. That relationship is desevibed by the equation
li': 0.0082L" '™ (N =71, r = 0.955). Lengthat u given age varied
widely: however. the mean length nf fishes increased about 2 mm/
yr from the age of.? to about 5 yr old, Eight 3 + -yr-old fish aver-
aged 5.45 cm(range 4.6-6.3. SD = ().583), [cn 4 + -yrold fish




Figure 3.—Length-freguency distribution of Canadian eelpout

2
| | ‘ ) n n nJ caught in the northeastern Chukchi and western Beaufort Seas in
s August-Septesnber 1977.
4 18 s 2s

Figure 4.—Leugth-frequency distribution of ¢wohorn sculpins
canght In the northeastern Chukehi and western Beaufort Seas in
August-September 1977,
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averaged 5.65 cm (range 5.0-7.(). $D = 0.650). isnd six 5 + -yr-old
fish averuged 5.87 em (range 5.4--6 .X. SD = ().557). °

Females appeared to mature at about -f yr of age and a size of
about 6 cm. The epps Nf’ nurture femates were 1 .-f10 1.9 mm in
diameter and ranged in mnnher from 79 to | NO. Andriyashey
(1954) reported that this species spawas in August o0 October 01
which time the ovaries contain 147 to 3-U) eggs up to 3.1 minin
diameter.

Stomachs nf 38 fishes contained identifiabic remains. Gammarid
amphipods occurred in 23, polychactes in 11 mysids and isopods
cach in 3, cuphausiids irnd hyperiid anphipods cach in 2, and
shrimp and cumiceans cachin 1.

Artediellus scaber. —Thirty-six hamecon were caught at 11 sta-
lions. All stations at which (hey occurred were in water depths < 70
m. Specimens ringed in size from 2.7 cim =171, (0.3 o 7.6 cm "1
(6.6 g). Females >5.6 cm ¢about 3 or 43 r told) appeared reproduc-
tively mature and hid S() to I(M) eggs ranging in size from ().6 to 1.6
mm. The oldest specimen for which age could be determined was 7
yr old. Growth frum the age of I-5 yr was about ().8 cniyre

Stomachs of 24 fishes contained identifiable food. Polychacte
worms and gammarid amphipods cach occurred in 15 stomachs,
mysids in 6. cumaceans in 2. irnd cuphausiids, hy periidamphipods,
irnd isopods cach in 1.

Aspidophoroides olriki.—Thirty-six Arctic alligatorfish were
caught at six stations ranging from 40 to 400 In. Most were c; ght
ncirr irnd to the east nf Point Barrow. Specitmens ranged from 4.() cm
TL (().3@10 6,7 em TL (2.3 2). A 6.3 cmifemale had 260 cggs 0.8

to 1.2 wmm in diameter. Six stomachs contained identifiable food.
Gammmarid amphipods ocearred in four stomachs and polychacte
worms in two.

Liparis spp. ' Thinty-four snailtish were caught at 20 stations,
No more than four individuals occurred in any tow. Most of Ihc
spechmens could not he identilied to species due o damage caused
by the large quantities of mud and small rock\ present in many of
the tows, Three specimens were idemified as f.. herscehelinus irnd
four ils /.. kocfuedi,

The liparids anged from 3. 8 cm TL (0.4 gytel2.2em 1¢[. (345
£). Age determination wiss not possible because of minute size and
opagque nature of the otoliths, Two specimens (8.5 and 9.7 cm 1°1)
had numerous kuge (Up o 2 1) cggs which appeared nearly ripe.
(OF 16 stomachs containing identifiable food, gammarid amphipods
oceurred ind 2, caprellids, hy periid amphipods, isopaods. and poly-
chactes cach in 20 and copepaods and euphausiids each in 1

Fumicrotremus derjuging. - Twenty-nine featherfin lumnpsuck-
crswere caughtin S04 a m: 3west ol Prudhoe Bay and 26 cast of
Prudhoc Bay.

Specimensvanged from 2.5 (“in ‘L[ (0.7 @) 1085 em TL(35.8 g).
Only fotewere larger ;w40 ez these were females. OF 2 1 ingi-
viduals for \\ hich sex was determined, 15 we re fenvales and 6 were
miales, Females > 6. s em long appearcd o be reproductively
mature and had eggs of two size classes, 0.4 10 0. 8111111 and 3.0te
4.0 min diameter. No age determinations were made for this spe-
civs.

Che main prey of leatherfin lumpsuckers were hy periid amphi-
pods (Purathemisto libellulay which occurredin230f 25 stomachs
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containing identifiable tired. Gammarid amphipods oceurred in six
stomachs and mysids itnd polychictes each in one.

Gymnelis vin” dis.-Twurty-scven fish doctors were caughtatl2
stations throughout the survey arcain 43-130 m. They ranged from
7.0cm TL (1.2 g)to I 1.4 cm TL (5.3 g). Three females longer than
9.0 cm were reproductively mature. The ovarics nf each contained
about 60 eggs ().6 to 4.0 mm in diameter. No ages were determined
for [his species.

Thirteen stomachs contained identifiable fond. Gammarid
amphipuds occurred in nine. caprellids in two, itnd mysids, poly-
chitetes, and copepods each in one.

Icelus spatula.—Twenty spccimens of the spatulate sculpin were
caught at four stations ranging from 56 to 123 m. Eight were
females with a meanlength of 8.3 cm TL (range 5.5-11 .0). Six
were mitles with a mcan tength of 6.6 ¢m (range 5.6-7.5). Speci-
mens ranged in weight from 16 to i4. | g. No ages could be deter-
mined due to degraded otoliths. Eggs in the ovaries ranged from ().2
to 1.2 mm and numbered 110- 1.(NM). Eggs were more NnumMerous
and smidlcr than those of /. bicornis.

Of 10 stomitchs containing idemtitiable food. 4 contained mysids.
3 gammarid itmphipods, 2 shrimp. and | polychactes.

Epifaunal Invertebrates

The following inciudes only data collected from the 33 trawls
made in | 977. Invertebrates from the two | 976 trawls were not
worked up in comparable detail.

We identificd 238 species or species groups of invertebrates
including 49 gastropods, 34 amphipods. 28 polychactes. 27 echino-
derms. 25 bivalves. | 6 cctoprocts. and I-1 shrimps. only 4 specics
occurred in more than 20 trawtls. All except the scallop Delectopec-
ten groentundicus (which was caught onfy cast of long. 1 S4°W)
were found throughout the studv arca. Forty-one species occurred
in 10 or more trawls and almost half of the 238 specices occurred in
fewer than 5 trawls. At260133 stations, echinoderms. mainly hrit-
tle stars and crinoids, were the most abundunt invertebrate group.
In most cases they composed miore than 75 % of the total trawl bio-
NLISS.

At least two major community types scemed to exist. West of
long. 154°W, brittle stars (usually Ophiura sarsi) weee predomi-
nant. Associated species included soft corals (Eunepluliva spp. )
and sea cucumbers (Psolus sp. and Cucumaria sp. ). Al all stat ions
where this brittle star community was found the bottomwasmuddy.

East o long. [S0°W the invertebrate community was charcter-
ized by Ihe scallop Delectopecten groenlandicus and the crinoid
Heliometra glacialis. Sca cucumbers (Psolus sp. ), sea urchins
tStrongylocentrotus droehachiensisy, several species of brittie stars
(roll Ophiura sarsi). and the shrimp Sabined septemearinata were
usually among the most abundant species. Mosttrawls in w hich
this species assemblage occurred were in rocky (cobble) arcas,

Some trawls fell into neither of the above community ty pes.
Those raw Is were generally in rocky arcas betweenlong.158°and
162°W and between long. 150° and 154°W.

Brachyuran crabs. —The spider crabs Chionoccetes opilio and
Hvas coarctatus are probably the two single mostimportant forage
specics of bearded scals in Afaskan waters and are the most com-
ntotr fooditems of bearded seals in the Beaufort Sca (Lowry ctal.
1979). Chionoecetes opilio is found from [hc Aleutian Peninsula
north to the Beaufort Sca, across the Canadian Arctic and into the

North Atlantic as far south as Maine. Hvus courctatus alutaceus
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oceurs from the Shumagin Islands south of the Alaska Peninsula
north to the Beautort Scis, throughout the Canadian Arctic, and off
Newfoundland, Labrador, and Greenland (Garth 1958).

Forty-nine C. opilio were caught in eight trawls, all west of long.
1S5°W. Mirximum carapace lengthwas 7,5 cm. I'hc largest male
was 7.5 cm CL and the largest female was 6.8 cm CL. That female
wils the only ovigerous individual. The next largest female was 3.8
cm. MacGinitie (1955) reported catching no ovigerous females off
Point Bastow. Acconding to Watson ( 1970), 50% of males are
mature at 5.7 cm and 50% nf females at 5.0 cm, If maturation sizes
arc similar in the Chukchiitnd Beaufort Scits, the number of repro-
ductively mature specimens in those arcas is low. The ratio of males
tofemales was about 2: | . '

onc hundred imd ninety-twn H. coarctatus were caught in 28
trawls. Maximum CL wits 7.3 cm with an average length 0f4.9 cm.
The fargest female was 4.6 cm, the largest male was 7.3 cm.
MacGinitie [ 1955) reported similar maximum Icngths of 4.9 cm for
femitles and 7.5 cm for males. Approximately equal numbers of
males and females were caught. Twenty-eight perecnt of all femalcs
were ovigerous with the smallest ovigerous female having a casa-
pace length of 3.2 cm. Percent of ovigerous fcmisles varied from
S()% west of Point Barrow to 18% cast of there.

Shrimps. —Shrimps itrc major prey of bearded scals in the west-
ern Beawfort and nottheastern Chukehi Seas and ire sometimes
caten by ringed scals in those arcas (Lowry etal. 1979). Fourteen
species belonging o the families H ippolytidac (8 species). Crin-
gonidae (5 species), and Pond; lidae (| species) were identified. All
1-l species were ;dso reported by MacGinitie ( 1955) from the Point
B: weow regionand by Carey (1977). MacGiniticand Carey
together listed an additional live species fnnn the Beaufort Sca
which were not found in this study. shrimp were present in all
tram s with 2 -8 species pcr trawd. 122 Inws. shrimp hinmass was
greater than fish biomass. This was especially true cast of Point
Barrow. A summary of distribution, abundince, and biological data
lor cach species is given in Table 6.

Family Hippoly tidae. - Fualus gaimardii belcheri was the most
numerous shrimp in our trawls and occurred at 40-150 m on both
muddy and rocky bottoms. It was thc most numerous species by
number and biomass at 10 stations, all of u hich were west of
Prudhoe Bay. Although they were present Throughout the study
area. numbers decreased noticeably cast of Prudhoe flay. Minimum
lengthwas 5 mm Cf. and maximumwas 14 (11111 CL. Maximum size
of vur specimens is considerably smaller th:m that (22 mm)
reported by Squires (1 1970) for the castern Canadian Arctic.
Twenty-nine percent of the total number wis ovigerous. The small-
ost {t\ igerous female measured 8 mm.

Eualus macilenta occurred e 28 Stilt ions in water depths Of
40400 m. It was the mostnumerous shrimp at three stations deeper
than 100 m. Fualus macilemta irnd E. g. belcheri frequently cooe-
cuered in aawls, with £. g, belcheri the most numerous in water
shallower than 100" m and E. macilenta usually tbc mnst numerous
deeper thant00 m. Enalus macilenta was present in all of t h e
deeper traw 1s whereas E. gaimardii was often irbscnt. Squires
(1970) reported that it was most abundant in deeper, colder waters.
Carapace lengths ranged from 6 to | 2 mm witb it mode at 9 mm.
Thete were 110 ovigerous females; however. many {emales carried
large, visible eggs under the carapace.

Enalus macilenta ranges in the west Atlantic from Greenland to
NovaScotiaand in the North Pacific from the Okhotsk and Bering
Scas tothe Arctic Oceanat depths of S5 -S-N) m (Squires 1970).




Table 6.~Summary of data colleeted on shrimps caught in the murtheastern Chukehd and western Beasfort Seas during August-Seplem-

lwr 1977.
Pepth Size % Snalest No. of
Species (m) No. Range (mm  Modets)  ovig. ovig, oceurrences Comments
Eualus gaimardii 40-1s0  1.302 5-i4 9 294 8 23 Less numerous cast or
Prudhoe Bay
Sabirrra septemecarinata ~ 40-400 912 fr-19 10.16 71 16 2t Maost numerous east of
Point Barrow
Eualus macilenta 40-300 542 6-12 9 [{) 28 Must numerous in water
> lon n)
Spirorrmcaris spirrrr 45-400 80 5-16 9 5.7 7 14
Sclerocrungon boreas $4- 102 fr7 13-25 15,20 0 4 Only west of Point Burrow
Pandulus goniurus .U-400 59 7-25 9.13.19 6.8 16 12 Mainly west of Prudhaoc Bay
Lebbeus peluris 50- 1s0 17 4-16 6.10 23 12 12 Mainly east nl Point Borrow
L groemlandicus 50-80 6 13-22 16.6 22 3
Argis lar .$0-.50 5 12-20 1] 4 Only west of Point Barrow
Euulus fubricii 50-60 4 1.10 Q 2
Crangon communiy 40-s0 3 10-13 0 3 West nf Prudhoe lily
Spirentacaris phippsi 0 - |
Enalus sucklevi so- 110 4 Only presence or absence
infovmation available
Argis demiata 48-110 2 0 2 Only presence or absence

infornation available

Fualus fubricii was caughtin only two trawls at depths of 50 and
60 m. Size range wits 7-10 mm CL. None was ovigerous. Elsc-
where they are reported from the Japan Sea itrsd the cast Siberian
crust tn Alaska, the Arctic Ocean off Alaska, and the northwest
Atlantic, at 4-200 m (Squires 197(0).

Eunalus sucklevi Was identified from four trawls at depths of
50-110 m. No further information was noted for these specimens.

Lebbeus polaris was present in 12 trawls at depths of 50-150 m.
Size range was 4-16 mm CL with madal sizes in 6 and 10 mm.
Three percent of all individuals were ovigerous with the smallest
ovigerous female measuring | 2 mm. Squires (| 970) in the Cana-
diirn Arctic reported the smallest ovigerous female tobe 10 mm. In
Ihis trawl series L.. polaris was found mainly cast of Barrow.
MitcGinitie ( 1955) caught three specinmns off Bavrow. squires
(1970) summarized distributionalinformation fur f,. polaris 0s fol-
lows: in the North Atlantic from the polar regions tu Skaggerak and
the Hebrides in Eurnpc. to Cape Cod in America, in the North
Pacific from the Aleutians, and Bering and Okhotsk Seas. at ()-93()
m.

Six specimens of Lebbeus groenlandicus were caught :11 three
stations in depths of S0-80 m. Carapace length ranged from | 310
22 mm. A single individuat (22 min Cl,) was ovigerous. Lebbeus
groenlandicus is present in the North Atlantic from cast and west
Greenland and from the Canadian Arctic to Cape Caul. in the North
Pacific from arctic Alaska, the Bering Sea to Puget Sound. and the
Sca of Okhotsk at depths < 200 m (Squires 1970).

Spirontocaris spinawas caught in 2 Lirawls at depths of 45 -MM)
m. It was the fourth most numerous species of shrimp. Carapace
lengths ranged from 5 to 16 mm withthe main size made at 9 mm.
Thirty-six percent uf altindividuals were ovigerous and the small-
est ovigerous female measured 7 mm (“L. This species seemed tu
prefer rocky bottoms although it occurred atleast once on it hard
mud bottom. Spirontocaris spinais circumpolar. 1l is widespread in
the North Atlantic, in the North Pacific from arctic Alaska.Bering
Strait. Wing Sea.the Siberiiur east coast to the Alaska Peninsuta
and Vancouver. B.C. (Rathbun9(04: Squires 1970).

A single specimen of Spirontocaris phippsi was caughtin 1977 in
50 m of water in the eastern part of' the study arca. Twenty-four
individuals were caught in it single trawl off Pitt Point in 1976 at40
m. Distribution is circumpolar. It occurs from arctic Alaska 10 the

Shumugins, the Atlantic coast of America southward to Cape Cnd,
off northern Europe, in 10-2S0 m (Rathbun 1904).

Family Pandalidae . —We caught it single species of pandalid
shrimp. Pandulus goniurus. Pandalus borealis was also  reported
near Point Barrow by MacGinitie ( 1955). Pandalus goniyrus
oceurred in 1 2 trawls at depths of 40- 4(M) m. only 3 % of the irrdi-

viduals were caught cast of Prudhoe Bay. Indi viduals ranged from 7 .

to 2S mm CL. Although total sample size was relatively small (59)
there appeared to be three size modes it 9,1 3, and 1 9111111, Seven
pereent of allindividuals were ovigerous, the smallest ovigerous
female measuring 16 mm c 1, . According to Rathbun ¢ 1904) £
goninrus vanges from the arctie coast of Alaska southward to thC
Okhotsk Sca and Puget S{Hund, in 5-250 m. Occurrenceinwater >
100w is unusual.

Family Crangonidae.—Five speciesof crangonid shrimps were
ientificd. (1)1 theserive, only one, Sabinea sepremcuarinaia, was
widespread and abundant.

Sabinca sepremcarinata, the second most numerous shrimp in
our samples s, was collected in 28 trawls atdepths 11 40 3K m. 1l
wits the m@st numerous shrimp species in 15 trawls, all of which
were cast of Barrow. Sahinea occurred west of Paint Burrow. but
only in very low numbers (< 3% ol the total shrimp c; uches). Car-
apace lengths ranged from 6 to 19 111111, with nesdesat10and 1 6
. (Oaly 7 % of all individuals were )\ igerous and the smallest
avigerousfemale was |6 111111, considerably larger than thesimaliest
ovigerousfemale (10 nnn ) reported by Seuires (1970 lor the cast-
ern Canadian Arctic. Subinea septemearinata is widely distributed
throughout the North Atlantic. Bt occurs in the Beaufort Sea and the
cist Siberian Seaat 45 3-45111 (Squirm 1 970y,

Sclerocrangon boreas was presentin only four trawls. all west of
Point RBarrow, in 44- 102 m. o n iy two rocky buttom stations
occurred west of Barrow and S, horeas wars the dominant shrimp  at
both of those stitions. Carapace lenpths sanged from 1 3 10 25 mm
withmades at 15 and 20 nnn. No ovigerous females were present.
Leech egg cases, reported by MacGinitie ( 1955) (o be Crangonob-
della murmanica, weve present on the pleopods of several individ-
wals. Scleracrcuneon boreas is primarily an arctic species. h s

present throughout Ibc North Atlantic. in the Nurtb Pacific from




Bering Strait and Kilesnov 10 inc Straits of Georgia. B. C., in the
Arctic Occan from Siberia [0 Point Barrow, at 0-400 m (Squires
1970), Squires ( 1969) reported [his specics from one shallow water
station in the western Canadian Arctic (Franklin Bay).

Argislar was present in four trawls west of Barrow, in 40-50 m.
Carapace lengths were 12-20 mm. No ovigerous females were
present. Carey ( 1977) reported A. lar from north of Camden Bay. It
oceurs from the arctic coast of Alaska and Siberia southward to
Sitka and the Kuril Islands, mi off Greenland, in 0-90 i ( Rathbun
1904). only two specimens of Argis dentata were identificd. No
further information is available on those specimens,

Crungon communis was identified from three trawls, all west of
Prudhoe Biry. in 4[)-50 m. Ruange of’ carapace lengths was 10-13
mm. No ovigerous individuals were present. A single specimen of
C. communis was taken by MacGinitic in 1949 (MacGinitie 1955).
That was the first report of this species north of Bering Strait.
Rathbun ( 1904) reported C. comnunis from inc Bering Scato Sirn
Diego. Calif., at 40-600 m.

Amphipods. —Gammarid amphipaods are prey of many demersal
fishes, scabinds. Arctic cod, ringed and bearded seals, and bow-
head whales. Bulaena mysticenus (Lowry ¢t al. 1979). They
occurred in 34 trawls, but seldom made up more than 2% of the
total trawl biomass. Fifteen famities and 34 species were identified.
The families Lysianassidae and Ampeliscidae were represented by
the greatest number of specics, cight and five. respectively, Most
species occurred at 1-3 stations. Seven including Ampelisca
eschrichti, Acanthostepheia behringiensis, Rhacotropis uenleata,
Anonyx nugax, Socarnes bidentata. Stegocephala inflatus. and Ste-
gocephalopsis ampulla occurred ot more than 10, Only Rhacotro-
pis aculeara showed any obvious geographic variation in
abundance; it was by far more numcerous between Point Barrow and
Prudhoe Bay than clsewhere.

\

Gastropods. —Snails are a regular prey item ol bearded seals and
walruses (Odobenus rosmarus) (FayUet al. 1977: Lowry et al.
1979). Thirteen families and 49 species were identified from our
trawls. The families Buccinidae and Neptunidae were represented
by the greatest number of species.

Margarites costalis occurred at all but six stations. Bt was the
most numerous saail in the trawl survey.

Seven species of Buccimm occurred in the trawls. Buccinum
polare and B. scaliforme were most numerous. Buccinid soails
were in general more abundant west of Prudhoe Bay.

Ten species of the family Neptunidae occurred in the trawls,
Snails of the genus Colus were most common, especially cast of
Prudhoe Bay. The genera Plicifusus and Neprunea were present
mainly west of Prudhoe Bay.

Eust-west distributional patterns were indicated for several other
species and genera, Natica clunsa was found only west of Pmdhoe
Bay, and 9 of 10 wows in which Polinices pallida occurred were
west of Prudhoe Bay. Admete couthouvi and two species of the
genus Trichotropsis were present only west of Point Barrow.

Three specics of the genus Trophonopsis (Boreetrophon) were
represented in the trawls. Although these species occurred both cast
and west of Point Barrow, most specimens were caught cast of
Prudhoe Bay.

Bivalves. —Bivalve molluses are generallyabundantand diverse
in the benthos. Carcy (1977) listed X5 species in his arctic species
list. Bivirlves are a major food of walruses and bearded scals
(Lowry ct al. 1979). /

Tiventy-five species belonging to 12 families were identified
from our trawls. Only seven specics occurred in more than five
trawls. The smill transparent scallop Delectopecten groenlundicus
was by far the most abundant species, although it was found only
cast of long. 1500W. It was abundant where it was present.

A smell. chalky. heavy-shelled species, Bathyarca glacialis, was
the sccond most numerous bivalve. It was &aughl only cast Of
Prudhoe Bay and was patchy in occurrence.

Nuculaaa pernula occurred only cast of the Prudhoe Bay area. lis
occurrence coincided closely with that of B. glacialis and D .
eroenlandicus.

Cyelocardia erassidens was present throughout the arca sam-
pled. aswas Nuculatenuis. Two species of, 4starte were common.
Astarte montegui was present in greatest numbers west of Prudhoc
Baywhereas . crenata was most numerous cast of Prurlhoc Bay.

Polychactes - - Polychactes are a major component of Beaufort
Seaintauna (Carey 1977). They were also it regutar component of
the epifauni. Most specimens we collected. were fragmented and in
very poor condition, Nonetheless, 15 familics and 27 species were
identiticd. The scaleworms, Family Polynoidac, were the most
widespread and numcerous, occurring in 24 trawls. I'hree spccics,
Antinoella sarsi, Eunoe nodosa, and Guttvana cirrosa, were most
conmmon

Only two nther species occurred irt more thanfive stations. Thnsc
were Nereis zonata, most numerous west of Prudhoe BiLy, and
Brada granmudara, present in allareas.

Echinoderms. - Echinoderms were by far the most abundant
invertichrates in the western Beautore and northeastern Chukehi
Sews, We found 27 species: |15 asteroids, 7 ophiuroids, 1 echinoid,
I crinoid, and 3 holothuroids.

Ophinroids w ere mostabundantbut least diverse west of long.
1317\, Opltivera sarvi wasthe only species identified. East of long.
1 54°W numbers )1 ophiuroids decreased hut atleast six species
(Ic.curled. Ophia 61111111 bidentata was the most commion.

Iheseaurchin, Srronglyocentrots drochachiensis, was present
at rocky stations and abseat from all maddy stations. 1l occurred in
I trawlds inrelatively low numbers (usually fewer than 10/rawl).

Heliamerra glacialis, a crinoid. was the dominant organism at 8
of 15 stations cast o Prudkoe Bay. I was abundant at most of the
other caste rnstations, but didnot occur ataliwestir Point Harrow.

Seacucumbersy ere extremely numerous and widespread. Cuen-
111,1) dusp.waspresentat 17 stationsand Psolus sp.at 6. The two
species olte ncooceurred.,

Seinstars were the mostdiverse w the echinoaderms, though never
sovahundant as olhier groups. Crossasier papposus ind Leprasterias
groenlandicns were the most common, cach oceurring inmore than
20tam s, 1 he i erage number of species per trawlinereased 14nym
1 -1 in thewestto 3.7 inthe cast. The maxinrminumber of species
per 1riin 1 westof Point Barrow was three whereas east of Prudhoe
11:1} itwassey co This (i lerence may be related (0 inc increased
s wber of small bivalves in the castiern area.

( Mher groups. - -Sponges, anemones, flatworms, nemerteans,
bry 220 ans, and tunicates were present in many trawls, The taxon-
omy of nuany 1@ these groups is poordy known for arctic waters and
thus The species 1ists presented in this reportareincomplete.
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Appendi x A.  Fishes and invertebrates collected in the northeastern
Chukchi and western Beaufort Seas in August - Sept enber
1977. Letters and nunbers indicate stations (Figure 1).

PHYLUM PORI FERA
Unidentified sponge - 1, 16, 23, 26, 27, 31, 33, 34
FAM AXI NELLI DAE
Phakettia cribosa - 22
FAM POLYMASTI | DAE
Polymastia mammilaris - 16, 20, 21, 24, 29
FAM CRANI ELLI DAE
Craniella crania - 17, 20

PHYLUM CNI DARI A
Thuiaria sp. - 3, 4
Lucernosa sp- - 3
Eunephthya sp. - 4, 5, 6, 8 9, 13, 34
*Eunephthya rubiformes - 1, 3,10, 28
*Eunephthya fruticosa,_l’ 3, 7, 10, 22, 27

Unidentified anemone . 1 3-6, 10, 11, 12, 14, 16-25, 27-34

PHYLUM I:,LATYHELMINTHES
Turbellaria - 22, ‘24,” 27

PHYLUM RHYNCHOCCELI A
Nemertean - 4, 11, 24, 25, 27, 32
Cerebratulus Sp. - 24, 2s, 3z

PHYLUM ANNELI DA
CLASS POLYCHAETA
FAM POLYNO DAE
Antinoella sarsi - 2 6, 8 19, 25 27, 29, 30, 31




Eunoe nodosa - 1, 4-7, 9, 10, 14, 16, 20, 22, 24, 25, 27,
Gattyana cirrosa - 1, 2, 49, 12, 17, 27, 29, 31
Hannothoe imbricata - 2
FAM  SPI NTHer DAE
Spinther sp. - 10
FAM  PHYLLOboc bAE
Anaitides mucosa - 27
Anaitides maculata - 7
Phyllodoce groenlandica - 6, 12
Genetyllis castanea - 20
FAM SYLLI DAE
Typosyllis fasciata - 1 0
FAM NERI DAE
Nereis pelagica - 3
Nereis zonata -1, 14, 16, 17, 20, 22, 24, 27, 28
FAM NEPHTYI DAE

*Nephtys sp. 1 0
Nephtys ciliata - 17
Aglaophomus malmgreni.l9,20,22, 27
FAM ONUPHI DAE
Onuphis sp. - 29
FAM LUMBRINERIDAE
Lumbrinereis sp.* = %7, 19

*Lulnbrinerels fragilis 29
FAM SPI ONI DAE
Laonice cirrata - 31
FAM FLABELL! GERI DAE

*Brada granulata .1 2  4-9, 11, 12, 20, 22, 30, 31

*Brada inhabilis - 9, 12
Flabelligera affinis - 1, 6, 9
FAM  SCALI BREGv DAE
Scalibregma inflatum - 27, 29
FAM STERNASPI DAE
Sternapsis scutata - 18, 29
FAM  PECTI NARI | DAE
Cistenides granulata - 1

28,,

32



Cistenides hyperborea - 5, 6, 8
FAM  AVPH. ARETI DAE

Amphicteis sp. - 22

FAM TEREBELLI DAE

Amphitrite cirrata - 12

PHYLUM MOLLUSCA
CLASS GASTROPCDA
OCRDER ARCHAEQOGASTROPCODA
FAM LEPETI DAE - 28
Lepeta caeca - 20, 25
FAM TROCH DAE
Margaritas costalis- 1, 2, 4-12, 14, 16-20, 22-32, 34
Solarjella obscura - 4, 6
Solariella varicosa - 2, 16, 17
ORDER MESOGASTEROPCDA
FAM TURRI TELLI DAE
Tachyrynchus erosus - 4, 18, 19
Tachyrynchus reticulates - 12, 18, 20, 30, 33
FAM TRI CHOTROPI DI DAE
Trichotropis. borealis - 4, 5, 7, 8
Trichotropis krgyeri -8, 9, 27
FAM  LAMELLARI | DAE"
Onchidiopsis glacialis - 10, 26
Piliscus commondum - 10
Velutina sp. - 1, 10
Velutina undata - 3, 6, 8, 10, 34
Marsenina glabra - 1
FAM NATI Cl DAE
Natica clausa - 1, 2, 4-8, 10-13, 34
Polinices pallida - 2, 4, 6-8, 11, 16, 18, 22, 34
ORDER NEOGASTROPODA
FAM MJRI Cl DAE
Trophonopsis (Boreotrophon)clathratus - 10, 22, 31
Trophonopsis (Boreotrophon) muriciformis - 2, 5, 18
Trophonopsis (Boreotrophon) beringi - g.10, 13, 16, 17, 19, 20, 22-32
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FAM BUCCI N DAE
Buccinum . - 1, 10, 11, 23,24, 28 34, B
Buccinum angulosum - 1, 12, 19, 22, 29

Buccinum scalariforme - 1, 2, 8 9, 12, 16, 18, 19, 28, 29, 31
Buccinum glaciale - 10

Buccinum solenum - 8, 9, 22

Buccinum polare - 1, 2, 58 12, 22, 24, 25
Buccinum ciliatum - 2, 10,17

Buccinum plectrum - 10, 16

FAM NEPTUN DAE

Beringius beringi - 17, 27, A

Colus Sp. - 4, 20, 23, 24, 27, 28, 31, 34, B
Colus spitzbergensis - 34

Colus roseus - 4, 5 9 12, 20, 22, 28

Colus trombinus - 2

Neptunea sp. - 5, 13

Neptunea sp. cf. borealis - 2, 4

Neptunea heros - 10, 12, 18, 20, B

Plicifusus kroyeri -9 10, 14, 17, 18, 27, 28, A
Pyrulofusus deformis - 18, 22

Volutopsius fragilus - 12, 24

FAM CANCELLARI IDAE‘

Admete sp. - 6 |

Admete couthouyi (or middeandorffiana) - 4, 5 7, 10,12, 34
Admete regina - 29
FAM TURRI DAE

Mangelia sp. - 12

Oenopota sSp. -4, 6, 7, 17

Oenopota turricula - 34

Oenopota harpa - 4, 8, 17, 20

Oenopota tenuicostata - 8

ORDER CEPHALASPI DEA

FAM  SCAPHANDRI DAE

Cylichna alba - 2, 5, 6

ORDER NUDI BRANCHI A

Uni dentified nudibranch - 6, 8, 10, 25, 26




Dendronotus sp. - 3, 13

Dendronotus dalli - 17

CLASS POLYPLACOPHORA

Ischnochiton albus - 3, 10

Amicula vestita - 3, 10

CLASSBIVALVIA

ORDER NUCULQO DA

FAM NUCULI DAE

Nucula tenuis - 2 4,5 11, 15, 17, 31

FAM NUCULANI DAE

Nuculana pernula - 18, 19, 20, 22, 24, 25-31, 33

Nuculana minuta - 4, 15, 17

Yoldia sp. - 7, 28 29

Yoldia hyperborea - 2, 6, 18, 26

Yoldia myalis - 15, 17, 31

ORDER ARCO DA

FAM ARCI DAE

Bathyarca glacialis - 19, 20, 22-29, 31, 33

ORDER MYTI LO DA

FAM MYTI LI DAE

Musculus corrugates - 10

ORDER PTERI O DA

FAM PECTI NI DAE

Chlamys sp. - 1, 11, 17

Delectopecten greenlandicus - 14, 16-33

ORDER VENERO DA

FAM CARDI Tl DAE

Cyclocardia sp. - 9, 10, B

Cyclocardia cf. rajabiminae - 4, 6, 7

Cyclocardia crassidens - 1, 2, 10, 12, 17, 20 22

FAM ASTARTI DAE

Astarte sp. -5, 8, 9,10, B

Astarte borealis - 1, 2, 12, 22

Astarte montegui - 2, 4, 8, 11, 12, 17, 19, 22, 27, 31, 34

Astarte crenata - 10, 14, 16, 18, 19, 20, 23, 24, 25, 27, 28, 29, 32,
33
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FAM CARD | | DAE
Clinocardium ciliatum - 2, 4, 7, 8, 13
Serripes groenlandicus - 4, 13
FAM TELLI N DaE

Macoma calcarea - 4 , 1 2
Macoma moesta- 7, 11, 15, 22, 31
Macoma loveni - 2

FAM VENERI DAE

Liocyma fluctuosa - 17

oRDER MYQ DA

FAM HI ATELLI DAE

Hiatella arctica - 8, 9

ORDER PHOLADOMYOIDA

FAM LYONSI | DAE

Lyonsia sSp. - 56

FAM CUSPI DARI | DAE

Cuspidaria glacialis - 25

CLASS CEPHALorPODA

FAM SEPI OLI DAE

Rossia pacifica - 28

FAM  OCTOPoDI DAE

octopus Sp. - 1, 12, 14, 21, 22, 24, 28, B

PHYLUM ARTHRoroDA
CLASS PYCNOGONI DA v
Nymphon Iongitarse-1
Nymphon brevitarse - 3, 20, 21, 24, 30
CLASS CRUSTACEA
SUBCLASS CI RRI PEDI A
Balanus crenatus - 10
SUBCLASS MALACOSTRACA

ORDERcumACEA

Diastylis bidentata - 10, 27
Diastylis goodsiri - 19, 20, 29
Diastylis spinulosa - 19

ORDER | SOPODA

Saduria sabini - 29




Synidotea bicuspida - 2, 9, 10, 11, 20, 21, 22, 27
Synidotea nodulosa - 11

ORDER AMPHI PODA

FAM ACANTHONOTOZOVATI DAE

Acanthonotozoma inflatuzn - 2, 7, a, 11, 34
Acanthonotozoma serratum - 10

FAM AMPELI SCl DAE

Ampelisca macrocephala - 30

Ampelisca birulai - 27

Ampelisca eschrichti -1, 2, 8, 11, 13, 14,18, 20, 27, 28, 29, A
Byblis gaimardi (eschrichti] - 2

HapZoops sp. - 2, 11, 16, 27

FAM ATYLI DAE

Atylus smitti - 20, 21, 24, 27, 29, 32, 33

FAM CALLI OPI | DAE

Halirages nilssoni - 2, 17

» FAM COROPHI | DAE

Ericthonius tolli-10

FAM EUSI Rl DAE

Eusirus sp. - 14

Eusirus cuspidatus - 2, 10, 20

Rhacotropis aculeata - 1-4, 6-9,11, 13, 14, 16, 17, 22, 32, A B
Rozinante fragilis - 2

FAM GAMVARI DAE

Maerasp. - 10 ’
Melita sp. - 10

FAM | SAElI DAE

Photis vinogradovi - 2

FAM | SCHYROCERI DAE

| schyrocerus latipes - 2, 10

FAM LYSI ANASSI DAE

Unidentified Lysianassid - 10

A.nonyx sp. - 2

Anonyx nugax - 1, 2, 4, 6-11, 14, 18-22, 24, 25-31, 34, A, B
Anonyx laticoxae - 2, 22, 26, 27

Hippomedon sp. - 20

17




Orchomene sp. - 17

Socarnes bidenticulatus - 1-4, 8,9, 10, 14, 22, 27, 30, 31, 32

Tryphosella (Tmetonyx) sp. 20, 22, 27, 30

FAM MELPHI DI PPl DAE

Melphidippa goesi - 2

FAM CEDI CEROTI DAE

Acanthostepheia behringiensis - 2, 4, 6-9, 13, 17-20, 22, 24, 25, 27-31,
33, 34, B

Paroediceros lynceus - 2, 11, 34

FAM PARAVPHI THO DAE

Paramphithoe polycantha - 6, 7, 8, 11, 34

Paramphithoe cuspidata -29

FAM PLEUSTI DAE

Pleustes panoplus - 2, 7, 8, 9

FAM STEGOCEPHALI DAE

Stegocephalopsis ampulla -1, 8, 10,11, 16, 21, 23, 24, 25-28, 30-33

Stegocephala inflatus -1, 2, 3, 6, 811, 16-34, A, B

ORDER DECAPODA

SUBORDER NATANTI A

FAM H PPCLYTI DAE

Spirontocaris sp. - 7, 26, 31, 32

Spirontocaris phippsi -1, 3, 8 16-18 21, 22, 27, 30, 31, A

Spirontocaris spina - 1, 7-10, 12, 14, 21, 23-26, 31, 32, A B

Lebbeus groenlandica - 16, 21, 31

Lebbeus polaris -1, 16, 21, 22, 24, “27, 28, 30-34

Eualus fabricii - 3, 17

Eualus suckleyi - 10, 16, 31, 32

Eualus gaimardii - 1, 2, 3, 5 6, 7, 9, 10, 11, 16, 17, 18, 20, 21, 22

25, 26, 28, 30, 31, 34, A B

Eualus macilenta - 1, 2, 4-13, 16-20, 22, 24-32, 34, A, B

FAM PANDALI DAE

Pandalus goniurus - 2, 3, 5-8, 10, 11, 12, 14, 32, 33, B

FAM CRANGONI DAE

Crangon communis - 4, 5, 17

Sclerocrangon boreas - 1, 3, 8, 10

Argis lar - 5 6, 7, 9, A B

18
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Argis dentata - 6, 32

Sabinea septemcari, t.- 1,2 5 7 8 11-34, A B

SUBORDER REPTANTI A

SECTI ON ANOMURA

Pagurus sp. - 26, 31

Pagurus trigonocheirus - 2, 10-14, 16, 17, 18, 21, 24, 28, 30, 31,

32, 34, A

Pagurus rathbuni - 1, 4 6, 8 9, 11, 12, 13, B

Labidochirus spendescens - 2, 11,13,16, 30, 34

SECTI ON  BRACHYURA

‘ Hyas coarctatus alutaceus - 1.4, 8-28, 30, 31, 34, A, B
Chionoecetes opilio-1,4-7,9,11, 34, B

PHYLUM S| PUNCULA
Golfingia margaritacea - 1, 3, 4, 10

PHYLUM ECTOPROCTA
Alcyonidium vermiculare - 1, 9
Unidentified Flustrellidae - 10
Flustrella gigantea - 9
Beronicea meandrina - 17
Eucratea loricata-1, 16
Tegella spitzbergensis - 16
Dendrobeania levinseni- = 7 9
Dendrobeania murrayana - 3, 10
Rhamphostomella Qgigantea - 1
Cystisella saccata - 16, 18

Cellopora sp. - 10, 17
*Myriozoum orientale - 1 0O

Flustra membranaceotruncata - 1
Flustra serrulata - 4, 9, 11
Carbasea (Flustra) carbasea - 14
Escharopsis sarsi - 1, 10

PHYLUM BRACHI OPODA
Hemithiris psittacea - 27
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PHYLUM ECH NCDERVATA

CLASS ASTERO DA

FAM PORCELLANASTERI DAE
Ctenodiscus crispatus -11, 12, 13, 29, 34, B

FAM BENTHOPECTI NI DAE

Pontaster tenuispinus - 23, 24, 25

FAM PORANIIDAE

Poraniomorpha tumida -

FAM  ECHI NASTERI DAE
Henricia sp. - 1, 17

20, 24, 25, 27, 30, 33

Henricia sanguinolenta? - 14

FAM PTERASTERI DAE
Pteraster militaris -
Pteraster obscurus -
FAM SOLAS |’ ERI DAE
Crossaster papposus -
Lophaster furcifer -

30

9, 17, 20, 24, 25, 26

1,
21,

3, 8 9 10, 14, 17, 20-32, 34, A
23, 24, 28, 29

Solaster dawsoni - 1, 11, 20, 24, 34, A, B

FAM ASTERI | DAE

Leptasterias sp. - 4, 5, 7, 9, 10, 13, 16, 22
Leptasterias groenlandica - 5, 12, 16-33, A, B
Leptasterias hylodes cf.
Urasterias lincki - 15, 18, 19, 24, 28, 29, 31, 33
| casterias panopla - 21

CLASS OPHI URO DEA

FAM  GORGONOCEPHALI DAE
Gorgonocephalus caryi - 12, 19, 29, 33, 34
FAM OPH URI DAE - 24, 25, 27, 28, 30-33
Ophiocten sericeum - 19, 21, 23, 26, 31

*Ophiura c.f. robusta 21,

Ophiura sarsi -1, 4-9,

FAM OPH ACA. NTHI DAE

L. arctica - 18

23

11, 12, 13, 16-20, 22, 29, 34, A B
Stegophiura nodosa - 14, 15, 17

Ophiacantha bidentata - 21, 23, 25, 26, 29-32, A, B

FAM OPHI ACTI DAE
*Ophiopholis sP. C-;

O

aculeata - 26

B



CLASS ECHINODEA

Strongylocentrotis droebachiensis - 1, 3, 10, 17, 21, 23-26, 28, 30-33

CLASS HOL OTHUROI DEA

Psolus Sp. -1, 6,89 10, 14, 16, 19, 20, 22, 24, 26, 27, 30, 31,
33, A B

Cucumaria sp. -1, 2, 4-11, 16, 17, 20, 21, 22, 27, 34

Myriotrochus rinkii - 5, 7, 8, 19, 30

CLASS CRI NO DEA

Heliametra glacialis - 11, 19-33, B

PHYLUM CHORDATA
SUBPHYLUM UROCHORDATA
FAM POLYCLI NI DAE
Synoicum pulmonaria - 9
Aplidiopsis pannosum - 10
FAM CORELLI DAE
Chelyosoma macleayanum - 10
FAM ASCI DI | DAE
Ascidia prunum - 1, 23-25, 27, 28,
FAM STYELI DAE
Dendrodoa pulchella - 16, 17
Pelonaia corrugata - 4
FAM PYURI DAE
Boltenia ovifera - 3, 10
Boltenia echinata - 17
FAM MOLGULI DAE
Molgula griffithsii - 20
SUBPHYLUM VERTEBRATA
CLASS OSTEI CHTHYES
FAM GADI DAE
Arctogadus glacialis - 34
Boreogadus saida - 1-14, 16-22, 24, 26-29, 31, 34, A, B
FAM ZQARCI DAE
Gymnelis viridis - 1, 4, 7, 9, 16, 25, 27, 28, 30, 31, 32, A
Lycodes mucosus - 16, 24, A
Lycodes polaris -1, 4, 11, 14, 18, 19, 20, 22, 26, 29, 31, 32,
34 A B



*

Lycodes raridens - 1, 24, B

Lycodes rossi - B

FAM COTTI DAE

Icelus bicornis - 14, 20, 21, 22, 24, 26-32

Icelus spatula - 1, 20, 31, B

Artediellus scaber - 4-7, 9, 16, 17, 18, 31, 33, A
Gymnocanthus tricuspis - 13, 14, A

Triglops pingeli - 24, 28, A

FAM CYCLOPTERI DAE (=Ll PARI DAE)

Eumicrotremus derjugini - 16, 17, 20, 24-28, 30, 31, 33
Liparis sp. - 1, 2, 6, 12, 17, 18, 19, 21-24, 28-33, A,
FAM AGONI DAE

Aspidophoroides olriki-1, 11, 12, 34, A, B

FAM STI CHAEI DAE

Lumpenus fabricii - A, B

Lumpenus maculatus - 7

Lumpenus medius - 18

Eumesogrammus praecisus - 3, 14, A

Provi sional identifications.

B
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Analysis of Arctic Cod Movements in the
Beaufort Sea Nearshore Region, 1978-79

LAVRENCE L. MOULTON'and KENNETHE. TARBOX

(Received 26 August 1982; accepted in revisedform 14 October 1986)

ABSTRACT. A study was conducted to investigate distribution and abundance of arctic cod in the nearshore region of the Beaufort Sea. Data collection
methods included 3 m otter trawl and hydroacoustic surveys. Temperature and conductivity measurements were taken throughout the study area on a
regular basis. The results indicated that arctic cod are associated with a transition layer between a surface water mass, characterized by low salinity and
high temperature, and a battom water mass, characterized by high salinity and low temperature. Arctic cod apparently oriented to the shorewardedge of
the marine water mass and redistributed themselves depending on the location of the shoreward edge. It is hypothesized that the transition layer
concentrates food organisms, and this abundance of food may be one factor that induces shoals of arctic cod to utilize this transition layer.

Key words: arctic cod, Alaskan Beaufort Sea, nearahore movements, temperaturekalinity association, coastal habitat use, Boreogadu: saida

RESUME. Une étude a é1€ menée afin de déterminer |a distribution et I'aborrdance de la mome aretique clans la ZONE cdtidre de la merde Beaufort. f-es
données ont été recueillies A I'aide d’un chalut 3 plateaux de 3 m et de relevés hydro-acoustiques. Des mesures de température et de conductivité ont été
prises de fagon régulitre, clans toule la zone étudiée. Les résultats ont indiqué que la morue arctique est associée & une couche de transition entre une
masse d’eau de surface, caractérisée par une faible salinité et une haute temp&ature, et une masse d’eau profonde, caractérisée par une forte salinité et
une basse temp&ature. La mome arctique se dirigeait apparemrrrerst vers la limite cétitre de la masse d’eau de mer et sa distribution suivait cette limite
cotitre. On peut avancer I’hypothese que la couche de transition est trés riche en éléments nutritifs, et que cette abondance de nourriture est un des
facteurs qui aménent les banes de momes arctiques 2 se servir de cette couche de transition.

Mets cL%: morue srctique, mer de Beaufort de I'Alaska, déplacementsprés des cotes, association température/salinité, utilisation de I’habitat cbtier,

Boreogadus saida
Traduit pour le journal par Nésida Loyer.

INTRODUCTION

Arctic cod (Boreogadus saida) i s @ doni nant species in the
arctic marine ichthyofauna, yet little information hasbeen
published on the distribution and abundance of this speciesin
the North American Arctic (Craig et af., 1982). A number of
recent studies have established the numerical abundance of
arctic cod in the Alaskan Chukchi and Beaufort Sea region
(Quast, 1974; Woletira et af., 1979). Craig and Haldorson
(1981) noted large variations in arctic cod abundance that were
not explainable with available data. Griffiths and Gallaway
(1982) reported an unusual pattern of fluctuating arctic cod
abundance in the nearshore region of Prudhoe Bay but did not
address factors that might lead to such a pattern.

The present study was undertaken to assess arctic cod distri-
bution and abundance in the Beaufort Sea nearshore region in
the vicinity of Pritdhoe Bay. The objectives of the study were to
1) measure daily and seasonal changes in environmental param-
eters, 2) identify daily and seasonal patterns of arctic cod
distribution and abundance and 3) relate observed changes in
fish distribution to changes in environmental conditions.

METHODS
Field Studies

Field investigations were conducted from 16-21 August 1978
and 18 July-1 September 1979. Five subareas, extending from
the western end of Stump Island to the east side of Prudhoe Bay,
were sampled primarily with otter trawling and hydroacoustic
transects (Fig. 1). Trawling was conducted throughout all five
subareas, while hydroacoustic surveys were conducted in the
offshore subarea.

Sample stations were located utilizing a Motorola Mini-
Ranger 111 navigational positioning system. Transpondera were
positioned at the end of Dockhead No. 3 and on Stump Island
3000 m from the dock transponder.

A 3 m semi-balloon otter trawl with 13 mm square mesh in the
body and 3 mm square mesh cod end was used at each trawl
station. The trawl data provided information to ground-ttuth the
hydroacoustic sampling. All trawls were made on bottom. With
a few exceptions, towing time was 15 min. Trawling effort
consisted of 33 samplesin August 1978, 43 samples in July
1979 and 32 samplesin August 1979.

All fish captured by net sampling were identified and counted.
Subsamples of arctic cod (Boreogadus saida), kelp snailfish
(Liparis tunicatus), capelin (Mallotus villosus), rainbow smelt
(Osmerus mordax), Pacific sand lance (Ammodytes hexapterus)
and fourhorn sculpin (Myoxocephalus quadricornis) captured
by otter trawl were preserved in 10% formalin for laboratory
examination.

Hydroacoustic sampling was conducted by R.E. Theme
(University of Washington, Fisheries Research Institute). The
primary hydroacoustic equipment used in this study was a
Simrad EY-M echo sounder, which transmits a 0.6 m-sec™!
pulse of 70 kHz sound, used in conjunction with a wide-angle
transducer. The effective angle of detection for this transducer
was about 30° under the survey conditions.

Echoes from fish and other targets were printed on a chart
recorder as a function of depth and time and were also recorded
on magnetic tape for more detailed analysis of echo amplitudes.
The pulse repetition rate was 3.2 transmissions. see-’. The
hydroacoustic equipment was applied in two modes: fixed
location and transecting. In the fixed-location mode, the trans-
ducer was suspended just below the surface from a float severa

'Entrix, Inc., 4794 Business Park Blvd., Suite 6, Anchorage, Alaska 99503, U.S.A.
‘Alaska Department of Fish and Game, P.O. Box 3150, Soldotna, Alaska 99669, U.S.A.
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FIG.I. Location of hydroacoustic transects, fixed location and five trawling subare.
during Beaufort Sea fish studies, 1978 and 1979.

metres from the anchored boat. During transecting, the trans-
ducer was towed just below the surface from a wood beam
projecting in front of the boat. This arrangement was designed
to minimize the effects of fish avoiding the boat in shallow
water.

Hydroacoustic data were collected during two periods. 23-27
July and 28 August -1 September. The primary transect design
consisted of four north-south lines, which were replicated
during each survey (Fig. 1). Transects typically were conducted
in water depths >4 m. Some east-west transects were also run
along specific depth contours (e.g., 6 m). The fixed location
was at a 6 m depth along transect no. 2 (Fig. 1) and was
monitored f or 9% and 12 hr in July and August 1979
respectively.

In addition to biological and hydroacoustic samples, a series
of water quality measurements was taken to characterize the
water sampled. Water conductivity and temperature profiles
were measured with a Martek Mark VII water quality analyzer.
The sensor head contained a temperature probe (-5° to + 50°C
-ange; +0. 1°C accuracy) and a five-electrode conductivity cell

-70 mmho-cm™! range; *0.07 mmho-cm™’ accuracy). Both
_arameters could thus be profiled on a single lowering. Depth of
immersion was measured by counting 0.3 m markings on the
handling line. Using the computer reduction algorithm described
by Chin etal. (1979), the conductivity, temperature and depth

as (Stump Island, West Dock, East Slope, Pmdhoe Biry and Offshore) surveyed

data were processed to obtain vertical profiles of temperature
and salinity.

Laboratory and Data Analyses

In the laboratory, al preserved fish were sorted, identified,
measured (total length) and counted. A random sample of arctic
cod from the preserved August subsamples was weighed.

The hydroacoustic analysis procedures consisted of echogram
analysis supplemented by detailed analysis of magnetic tape
records. Echo counts and amplitude characterization of selected
transects were made using a storage oscilloscope.

The number of fish counted by the hydroacoustic system was
determined by assuming a mean target strength of 50 decibels
(dB), which comesponds to a 10 cm fish target. Echoes were
counted if they exceeded a threshold of-60 dB. Fish densities
were then calculated from the total number of echoes over the
threshold divided by the volume sampled. The volume sampled
was determined by the depth interval, the number of transmis-
sions and the sampling angle of the transducer.

RESULTS
Depth and Substrate Features
The offshore subarea (water depths 5.5-10 m) was popul ated
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by atypically marine flora and fauna including three species of
kelp (order Laminariaies), two species of nudibranches, various
marine gastropod, soft coral, starfish and sponges. Kel p was
collected at 95% (19 of 20) of the 1979 offshore traw stations.

Bottom sedinents were apparent|y composed of fine sand and
fine silt (Chin eral., 1979). Scattered patches of sand/gravel and
clay deposit were identified during the trawl survey. The East
Slope subarea (0.3-5.5 m) was also predominantly soft sedi-
ments, with possible sand/gravel deposits. Kel p was col | ect ed
in 7090 (7 of 10) of the 1979 traw samples in this area. The
Stump Island subarea, with a depth range similar to that of the
East Slope, was primarily fine sand with areas of gravel . Kel p
was taken in 38% (8 of 21) of the 1979 traw sanples.

Maxi mum depths in the West Dock and Prudhoe Bay subareas
were 3.0-3.5 m. Sediments in the West Dock area were com-
posed of sand and silt, with mud found in some areas. In the
Prudhoe Bay subarea, sedinent types also ranged from fine
sand to md/clay. Kelp was not collected in either subarea.

Ice Features

The presence of ice was a dominant feature in the study area.
In July the ice had retreated to approximately the 5 m contour,
with a periodic inshore movement of floating ice with west
winds. Thus, the ability to navigate at and beyond this boundary
was severely limited. In August the ice had essentially retreated
to depths > [0 m and surveying could be conducted farther off-
shore. Grounded ice was observed as far offshore asthe 7 m
depth contour.

Water Mass Features

Water movements and temperature and salinity characteris-
tics in the general study were dynamic, with wide fluctuations
over a short period of time. Basically, there were two water
masses. awarm (2-9°C), low-salinity (6-27%0) surface mass
with a cold (<-°C), high-salinity (28-32%0) bottom mass. The
depth to the transition layer between the two water masses (i.e.,
the interface between the two water masses) fluctuated from 1.5
mto > 10 m (Fig. 2). The two- to three-day period between
temperature and salinity measurements was often sufficient for

DEPTH (METERS)

20 301 10 20 30
JuLy AUGUST
DATE

FIG. 2. Location of the transition layer between surface and marine water masses,
as determined by CTD surveys 20 July-1 September 1979.
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the marine water mass (low-temperature, high-salinity) to mix
with the surface during strong winds or return to the study area.
Following each influx of the marine water mass, there was
usually a period of mixing, with aresulting increase in near-
surface salinity (Fig. 3) (Chin, 1980). In general, surface
temperatures decreased and surface salinities increased during
the study period. A decrease in river discharge and ice melt may
also have contributed to this pattern.

The transition layer between the two water masses was visible
on the hydroacoustic traces, allowing the temporal and spatia
fluctuations in the transition layer to be monitored with the
hydroacoustic instrumentation (Fig. 4). The layering effect was
particularly visible during July, when the density differences
between the two masses were greatest. Tempora and spatial
fluctuations were particularly evident between 28 August and 1
September. Based on the hydroacoustic transect monitoring, the
marine water mass was apparently offshore at depths > 10 m
between 28 and 30 August. This observation was verified by the
CTD measurements. During the fixed-location monitoring at a
depth of 6 m on 31 August and 1 September, the marine water
mass moved inshore to a depth of about 4 m. Again, this
onshore movement was also observed in the CTD measure-
ments (Fig. 2). The thickness of the marine water mass at the
hydroacoustic fixed location increased from essentially zero to
2.2 min less than 24 hr, demonstrating the area's rapid response
to meteorological changes.

Otter Trawl Catch .

The otter trawl catch was dominated by arctic cod (98% of
the catch), with minor catches of kelp snailfish, fourhom
sculpin, Pacific sandlance, capelin, rainbow smelt and least
cisco (Coregonus sardinella). The length frequency of otter
trawl-caught atctic cod in both 1978 and 1979 indicated that
primarily one age group, probably age-1 fish, was present; few
older fish were captured.

The results of the otter trawling indicate a genera offshore
movement of arctic cod between the July and August sampling
periods. During July 1979, the highest mean catch rate for arctic
cod (271 cod/trawl) was recorded in the West Dock subares,

¢ 20 301 10 20 30
JULY AUGUST

DATE

FIG. 3. Summer surface salinity in the study region as determined by CTD
surveys 20 July-l September 1979.
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followed by the Stump Island and East Slope subareas (Table 1).
The lowest mean catch rates (0.3 and 0.9 cod/trawi) were
recorded in the Pr-udhoe Bay and offshore subareas respectively.
In August 1979 the pattern changed, with the highest mean
catch (14.8 cod/trawl) recorded in the offshore subarea and
lower catches in the inshore subareas. Pmdhoe Bay catches in
August 1979 were again the lowest (0.5 cod/trawl) of al five
areas. During the August 1978 survey, the highest catches were
recorded in the West Dock and Prudhoe Bay subareas respec-
tively, followed by offshore, East Slope and Stump Island
(Table 1). During all three trawl surveys (one in 1978 and two in
1979), the mean catches of arctic cod around the West Dock
were higher than those in the two subareas on either side of the
dock (i.e., Stump Island and East Slope).

The mean bottom depth of capture of arctic cod was 2.7 m
(SD= 1.7) in July and 5.8 m (SD=2.0) in August 1979, a
statigtically significant increase in bottom depth (t-test, p<.001).
These data again indicate an offshore movement of arctic cod

between the July and August sampling periods. In contrast,
neither the mean bottom depth of capture of kelp smrilfish (5.5
min July; 4.8 min August) nor the mean bottom depth of trawl
hauls (4.3 min July; 4.8 m in August) showed a corresponding
significant change between July and August.

Hydroacoustic Measurentents

Transect Series were run during four days in July; however,
one series was obscured by reverberation from rough water.
Additional distawere collected over a9.5 hr period during two
days of fixed-location monitoring in July. During the August
series, data were collected over five days. A tota of 15 hrof data
were collected during transects, including complete, replicated
four-transect series each of the first three days and a replicated
run of transect 2 the last day. In addition, 12 hr of data were
collected at the fixed location over two days. The length of
transects was increased OVEr July because of the improved
weather and ice conditions.

TABLE 1. Relative abundance of arctic cod in each subarea based on catches by 3 m otter trawl during 1978 and 1979 trawl surveys

August 1978 July 1979 August 1979
Mean Mean Mean

Subarea catch SD N catch SD N catch SD N
Stump Island 3.0 2.6 5 19.7 34.5 13 3.4 3.8 8
West Dock 133.0 58.0 2 270.9 6J5.0 9 6.6 10.9 5
East Slope 3.6 3.2 9 25.8 46.7 5 4.8 10.2 5
Prudhoe Bay 23.9 27.0 9 0.3 0.5 6 0.5 1.0 4
Offshore 8.0 20,6 8 0.9 1.1 10 14.8 17.4 10

33 43 32

SD = standard deviation.
N = number of samples.
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Fish abundance was generally low during July. Results of
otter trawlings used to ground-truth the hydroacoustics indi-
cated that most of these fish were arctic cod. Target detection
rates for the three serieswere 6.1, 3.1 and 9.9 targets. hr! for
23, 24 and 26 July respectively, with corresponding mean fish
densities of 2.7,0.7 and 3.5 fish per 10*m>. The first two series
were mid-day, while the third was during the 1820-2140 period.
Neither inshore-offshore nor alongshore trends were evident.
Targets in the marine water mass were typically located near
bottom, with the mean height above bottom about 0.6 m.
Targets in the surface water mass (<2.3 m on 23 and 24 July,
<3.8 mon 26 July) could not be detected because of the strong
surface reverberation in this layer. During the fixed-location
monitoring on 25 and 26 July, 13 fish were observed — a mean
rate of 1.9-hr!, comesponding to 10.5 fi sh per 104n8.

Abundance of fish targets and interference fromnon-fish
backscatter were much greater during the August survey. The
estimated target densities ranged from O to 329 fish per 104m3,
with a mean of 55.6 fish per 10*m>. There was considerable
variability in both abundance and inshore-offshore distribution
during the four days (Table 2). These changes appeared to be
related to changes in water masses. Discontinuity layers could
often be acoustically detected, especialy the boundary of the
cold (< 0"C), high salinity (30%q) marine water mass. Thiswater
mass was apparently offshore between 28 and 30 August. Fish
concentrations were observed during transect monitoring on 28
August, but not on 29 August (Fig. 5A, B). Concurrent otter
trawling indicated most of these fish were arctic cod. Transects
were extended offshore during 30 August, and high fish concen-

Low Salinity Water Mass
ONSHORE (5.3 m) /

- . -

Marine Waler M
A. 20 August, Deplh = 63.65 m arine Waler Mass

OFFSHORE (8.5 m)

Yo o A TR S P R
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trations were discovered just inshore of the depth where the cold
marine water intersected the bottom on ail transects (Figs. 4 and
5c). 1ligh fish concentrations in the surface water Mass, POSSI-
ny peI agic speci es, also occurred above the marine layer
offshore from this intersection depth on all transects (Fi gs. 4 and
50).

Although daily variability appeared to dominate the August-

TABLE 2. Densities and distribution of fish echces along hydroacous-

tic transect 2, 28 August-1 September

Depth Sampled volume Density

Date range' (m) (10°m?) Fish echoes (fish ocr 10*m®)
28 August 4.3-6.1 1.30 105 80.8
6.t-6.9 2.10 690 328.6
.6.9-7,6 2.78 63 22.7
29 August 4.3-6.1 1.93 2 1.0
6.1-6.9 2.80 6 2.1
30 Augusl 4.3-6.1 1.61 0 0
6.1-6.9 2.49 147 59.0
6.9-7.6 3.26 592 181.6
7.6-8.2 6.68 517 77.4
8.2-7.0 3.34 5t 15.3
| September 6.1-6.9 t .47 o} 0
6.9-7.6 3.85 146 37.9
7.6-8.2 8.67 127 14.6
8.2-7.0 4.90 63 129
7.0-5.8 2.35 0 0

'From Stump island toward Midway Islands.
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ric. s. Representative echograms from hydroacoustic transect 2 during 28 August- | September 1979, illustrating the association of fish targets with the two water
masses and transition layer. On 28 August the transition layer is weak and diffuse, on 29 August it is absent, on 30 August it is strong and continuous and on |
September the transition layer is weak and appears to be mixing srnd dissipating (each strip represents approximately 2 km of transect).
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September data, some differences between transects within
days were noted. During 28 August, the concentration of targets
between 4.0 and 5.8 m was strongest along transect 2 and
moderately strong along transect 3. The concentration of targets
was limited to the nearshore region along transect 1 and
completely absent along transect 4, where the scattering was
inshore at depths of 2.4-3.7 m. During 30 August, the fish
concentration was again greater along transect 2 between 6.7
and 7.9 m bottom depths. The distribution along transect 1 was
similar, though less dense and more inshore (Fig. 5). On
transects 3 and 4, high fish concentrations were limited to the
outer end of the transects, which terminated just as the water
depth began to shallow on the barrier island side.

During the 12 hrof fixed-location monitoringi n August, a
total of 51 targets were observed —a rate of 55 hr, cores
pondingto 158 fi sh per 104nB8. Considerable variability was
observed between the two days in the depth of the echoes,
possibly related to the species present. On 31 August targets
were near bottom (6.0-6.4 m), while on 1 September targets
were 2.4-3.6 m below the surface. A diel trend was suggested
by the lower densities during afternoon.

DISCUSS10ON

The summer 1979 water sampling revealed a dynamic system
with two water masses. a warm, low-salinity water mass on top
of a cold, high-salinity water mass. The depth to the transition
layer (or interface), as measured by CTD, between the two
masses varied from 1.5 m to >10 m throughout the study area
during the July and August sampling periods. The depth to the
trangition layer generally increased during the season, probably
as a result of mixing by wind action and reduced ice melt and
river discharge. Arctic cod al so showedanet offshore move-
ment to deeper water between the July and August trawling
periods. The move to deeper water did not appear to be an
artifact of the trawl sampling, as the solitary kelp snailfish did
not show a change in depth between sampling periods.

An association between the leading edge of the marine water
mass and arctic cod distribution is indicated by the hydroacous-
tic measurements. In general, the highest measured fish densi-
ties were at the bottom of the warmer, less saline water mass
immediately above the intersection of the leading edge of the
marine water mass with the bottom. This association was
particularly evident during the 28-30 August transect series. On
28 August high fish densities were recorded near bottom along
the transition layer at 6-7 m. On 29 August the marine water
mass had either mixed with the low-salinity surface water mass
or had moved out of the study area because of changesin wind
stress, and high fish densities were not observed. However, on
30 August the marine water mass was again observed in the
study area (at 7.6 m on transect 2) and high demersal fish
densities in front of the leading edge of the marine water mass
were again observed. Pelagic fish targets were oriented above
the transition layer, offshore of the leading edge of the marine
water mass. During July, when few fish targets were encoun-
tered, arctic cod were in shallow water (mean bottom depth of
capture = 2.7 m) and could not be detected by hydroacoustic
,echniques. The transition layer between the two masses was at
2.5-3.6 m; thus both the intersection of the transition layer with
the bottom and high fish densities were inshore of the hydro-
acoustic transects.

L.L. MOULTON and K.E. TARBOX

Additional support for the hypothesis that arctic cod position
themselves shoreward of the transition layer is provided by data
in Craig and Haldorson (1981) and Chin et af. (1979). A
massive influx Of age 1-3 arctic cod at Milne Point in Simpson
Lagoon and along the west side of the West Dock was reported
beginning on 14 August 1978 (Craig and Haldorson, 1981). In
addition, the second highest otter trawl catch rate recorded in the
present study during 16-21 August 1978 sampling ,was in the
shallow waters of Prudhoe Bay, an area where catch rates were
lowest during 1979. On 13 August 1978, the marine water mass
approached to within at least 1.5 m of the surface throughout
much of the area, including aong the Stump Island, West Dock
and Prudhoe Bay subareas (Chin et al., 1979). Arctic cod
orienting to the area where the transition layer intersects the
bottom thus would have entered depths of approximately 1 m or
less and would almost certainly have migrated into Simpson
Lagoon as well as into Prudhoe Bay. Catches of arctic cod in
Simpson Lagoon remained high until 22 August 1978, then
declined as cod moved out of the lagoon (Craig and Haldorson,
1981), presumably in response to the reestablishment of a
deeper transition layer offshore.

The pattern of arctic cod catches recorded by Griffiths and
Gallaway (1982) appear to be similarly influenced by periodic
upwelling events. Arctic cod catches in fyke nets placed along
the shoreline were typified by sharp peaks in catch rates, lasting
2-3 days, separated by 9-14 days of low or no catch (Griffiths
and Gallaway, 1982:Fig. 16). In each case, the sharp increasein
catch rate was accompanied or followed by a sharp increase in
salinity. Such a pattern would be expected if the arctic cod are
orienting to the leading edge of the marine water mass and are
moving inshore in advance of upwelling marine waters.

Theindication is that demersal species, such as arctic cod,
and some pelagic species, possibly arctic char and cisco,
position themsalves according to the upper edge of the marine
water mass and move inshore and offshore in response to the
presence of this transition between water masses. The composi-
tion of the scattering layerobserved at the transition between the
two masses was not determined but may contain biological or
detrital components. Plankton samples from the vicinity of the
transition layer contained significantly more fish larvae than
surface samples (Tarbox and Moulton, 1980) and appeared to
contain higher densities of copepods and mysids. The concen-
tration of fish larvae and invertebrates may attract arctic cod,
which are known to feed on mysids and copepods. Similarly,
the presence of arctic cod could attract their predators, i.e.,
arctic char. Thus the apparent association of fish with water
masses may reflect a predator-prey relationship. The reason the
hiological activity is concentrated at the transition layer between
the water masses is as yet unknown. The probable explanation is
that there isincreased primary production along the front
between the marine water mass and the surface water mass, such
as is found in the eastern Bering Sea (Goering and lverson,
1981). The deeper marine water contains higher levels of
dissolved nutrients, which stimt.dates primary productivity when
exposed to sunlight at the mixing zone with the warmer surface
water. In the Bering Sea, such atransition area is characterized
by intense biological activity (Hood and Calder, 1981). It is
likely that arctic cod and other fish remain in (he warmer surface
water mass to maximize energy conversion during the two- to
three-month summer feeding period, since metabolic activity in
poikilotherms must be minimal in the cold (<-1 "C) marine water
mass.



BEAUFORT SEA ARCTIC COD

ACKNOWLEDGEMENTS

This study wits performed under sponsorship of the owner compa-
nies of the Prrsdhoe Bay Unit and with the assistance of personnel from
ARCO Oil and Gas Company, Assistance with the hydroacous[ic data
collection and analysis was provided by R.E. Thorne (Fisheries
Research Institute). Assistance with [he field work was provided by
G. Thomas, J. Dawson, C. Beehler and R. Dugan.

REFERENCES

CHIN, H. 1980. Physical/chemical measurements taken in the Beaufort Sea —
July/August 1979. Envirursmental studies of the Beaufort Sea — Summer
1979. Unpubl. report prepared for Pmdhoe Bay Unit by Woodward-Clyde
Consultants. 95 p. Available from Environmental Department, ARCO
Alaska, Inc., P.O. Box 360, Anchorage, Alaska 99510, U.S.A.

— , BUSDOSH, M., ROBILLIARD, G. A, and FIRTH, R. W., Jr. 1979.
Environmental studies associated with the Pmdhoe Bay dock: Physical
oceanography and bersthic ecology. Unpubl. final report prepared for ARCO
Oiland Gas Company by Woodward-CiydeConsultants. Anchorage, Alaska.
236 p. Available from Environmental Department, ARCO Alaska, Inc.,
P.O. Box 360, Anchorage, Alaska 99510, U.S.A.

CRAIG, P. C., and HALDORSON, L. 1981. Beaufoti Sea barrier island-lagoon
ecological process studies: Final Report, Simpson Lagoon studies. Part 4.
Environmental Assessment of the Alaskan Continental Shelf, Fired Report.
Vol. 7. Biological Studies. Boulder, Colorado: BLM/NOAA, OCSEAP.
384-678.

49

CRAIG, P. C., GRIFFITHS, W. B., HALDORSON, L., and McELDERRY,
H. 1982. Ecological studies of Arctic cod (Boreogadus saida) in Beaufort
Sea coastal waters, Alaska. Canadian Journal of Fisheries and Aquatic
Sciences 39:395-406.

GOERING, J. J., and IVERSON, R.L. 1981. Phytoplankton distribution on the
southeastern Bering sea shelf. In: Hood, D. W., and Calder, J. A., eds. The
Eastern Bering Sea Shelf: Oceanography and Resourees. Vol. 2. NOAA/
OMPA. Seattle: University of Washington Press. 933-946.

GRIFFITHS, W., and GALLAWAY, B.J. 1982. Prudhoe Bay Waterffood
Project. Fish Monitoring Program. Prudhoe Bay Water%od Environmental
Monitoring Program. Final Report. Appendix D. Anchcrrage, Alaska: Depart-
ment of the Army, Alaska District Corps of Engineers. 141 p.

HOOD, D. W., and CALDER, J.A. 1981. The eastern Bering Sea shelf:
Oceanography and Resources. Vol. 2. NOAA/OMPA, Seattle: Univershyof
Washington Press. 1339 p.

QUAST, J.C. 1974. Density distribution of juvenile Arctic cod, Boreogadus
saida, in the eastern Chukchi Sea in the fall of 1970. Fishery Bulletin
72(4) :1094-1 105.

TARBOX, K., and MOULTON, L. 1980. Larval fish abundance in the
Beaufort Sea near Pmdhoe Bay, Alaska. Environmental studies of the
Beaufort Sea — Summer 1979. Unpubl. report prepared for prrsdhoe Bay
Unit by Woodward-Cly& Consultants. 63p. Available from Environmental
Department, ARCOAlaska, hsc., P.0. Box 360, Anchorage, Alaska 99510,
U.S.A.

WOLOTIRA, R., SAMPLE, T., and MORIN, M. 1979. Baseline studies of
fish and shellfish resources of Notion Sound and the southeastern Chukchi
Sea. Environmental Assessment of the Alaskan Continental Shelf. Final
Repori. Vol. 6. Biologieat Studies. Boulder, Colorado: BLM/NOAA,
OCSEAP. 258-572.



:_'  .- Réimpression du

.,-‘:Réprinted_ from | | ‘ ar

uanad | an | Journa|
ournal | canadien
‘f,’o_f J:IShEJ‘IeS | "des smences

Ecological studies of Arctic cod (Boreogadus satda) in Beaufort Sea
) coastal waters, Alaska ., -~ “ . = -
R ; P. C. CRAIG, W. B. GRIFFITHS, L. HALDORSON, A0 1
) volume 39. Numlxr 3. 1982 (
1. . ] .
: S 395-406
E
)‘3"

n S A DIILNS BT

l* Govemment of Canada : Gouvemement du Canada
Fisheries and Oceans . Pech&c etOceans




‘ ON NMASS CONGREGATI ONS OF THE

/
CRYOPELACIC—€0D-FESHES—{ BOREOGADUS SAI DA

AND ARCTOGADUS GLACIALIS)

[N C RCUMPOLAR
ARCTI C BASI&S .

by

A. P. Andriashev, B. F. Mikhonedi yarov,
and E. A Pavshtiks. 1980., pp 196- 211,
In: M E Vinogradov and |. A Melnikov
(Eds), Biology of the Central Arctic Basin.

Shirshov Instit. Cceanol ogy, Acadeny of Sciencies, U S S R

Translated by Douglas W Nel son, College of Fisheries,
University of \Wshington, Seattle, WA 98195, for:

Nort hwest and Al aska Fisheries Center
Nati onal Marine Fisheries Service
2725 Montl ake Boul evard East

o Seattle, WA 98112

August, 1981

LY



Andriashev, A. P.; B. F. Mukhomediyarov and E. A. Pavshtiks. 1980. On mass
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The drifting stations “North Pole”, besides dealing with basic research
problems, also provided an opportunity of acquiring extraordinarily valuable
materials dealing with the biology of the high latitudes of the Arctic basin.

As a result of many years of creative research by the department of hydro-

biology of the Zoological Institute, AN SSSR and by the collaborations of the
Arctic and Antarctic Scientific Research Institute on the drifting stations, —
beginning with SP-2, year-round plankton samples were collected using standard
methods. Principally due to [these] collections new data were acquired re-
garding the species composition of the plankton of the Central Arctic, on its
vertical distribution and relationship to the water masses, [and] its seasonal

and multi-year dynamfcs’ (Virketis, 1957, 1959; Brodskiy, Nikitin, 1956;

Pavshtiks, 1971, 1979; Brodskiy, Pavshtiks, 1976; and others). The data co]hgg@g
by the polar explorers on the SP stations regarding high latitude fishes were not
of great volume or significance, but presented considerable interest. Thus, s
among the material of S%6, drifting in the high latitudes of the East Siberian '
Sea, was a very poorly studied species of cod fish, "Arctogadus glacial is;
established as new to the fauna of the USSR, which previously was known from the
shores of Greenland (Andriashev, 1954, 1957). Observations and collections of
fish were taken during the studies on the series of drifting SP stations, as a
result of which it was established that in the circumpolar Arctic region (80°-
88.5° N. Lat.) under the pack ice live two species of cod fish” (Boreogadus saida

and Arctogadus glacialis), which at times are present in huge schools, easily

accessible for harvest [fishing operations]. This fact has importance [is signi-
ficant] in understanding the functional structure of the pelagic ecosystem of the
Arctic basin, and presents also some practical interest as a possible source of
supply of fresh fish for the different participants of the polar expeditions on
both transport ships and icebreakers working in the high latitudes of the northern
shipping routes. It is appropriate to recall the many endurances of disasters by



polar expedition participants who perished from hunger, not suspecting that they
had Supplies OF food under foot.

Ilchthyological materials were made available to us by the following workers

[colleagues] of the drifting stations: V. I. Shil 'nikev (SP-4), E. M. Gush-”
chenkov (SP-6), V. 1. Ulitin (SP-10), E. V. Konstantinov and K. l. Grachev
(SP-16), N. 1. Blinov (SP-17), V. S. Antonov and G. L. Pavlov (SP-19), A. T.
Bozhkov (SP-23) and others. To all these polar explorers, [for their] mani-
festations of attention and initiative in the collection and preservation of the
captured fish [fish specimens], the authors express their profound appreciation.

Material and Methods

Besides the written-down observationsjboth verbal reports about conditions
and results of under-the-ice fishing, sizeable collections (frozen or in ethanol)
were delivered to the Zoological Institute from seven drifting SP stations,
belonging to to two species --- saika, or polar, cod '(Béreogadus saida) and the
ice, or black, cod” (Arctogadus glacialis); see tables—2-and 5.

The greatest collections of fish, both the mo§t systematic and wigﬁ\the\\
most complete notes, (phenological notebook from Q\May\1968 to 30 March“lg§9L,:§
were kept by E. V. Konstaninov and K. I. Grachev at SEETTUK’SF?ﬂiUWﬁ?Eh
drifted for the greater part of the year above the pseudo-abyssal depths in
the region of the Canadian trough of the Arctic basin (depths greater than
2000 m), located approthté]y at a midway point between Vrangelia and the
north pole. In the journal of this station it appears that distinctive small
cod fishes are recorded from the hydrological holes and in the ice fissures during
the whole year, and were observed and captured in massive quantities from the

end of November to the end of March, in April the fishing ceased. The fishing_

at different timeswas conducted between the surface and the 75 m depth us.ing

different methods: with baited hooks, with a net for cleaning the hole of

ice splinters, and with a short gaff. The first mass appearance of fish was
observed on 27 November when on hooks baited With meat 450 fish 7-20 cm long

were taken in 4 hours. In the following days of November and the beginning of
December fish were caught on hooks almost daily at the rate of several scores

and hundreds of specimens. On 11 December “fish swarmed in the nhole’ and by hook
and by ice net more than 1600 fish from 8-12 cm long (predominant amount) to

to 17-21 cm long were easily caught. In all, in the phonological journal of



SP-16 notes were made about fi;és 90 times (days), 15 of these times regarding
visual observations (from observations of a single fish to *“schools of thou-
sands”) and 75 times fish were caught, and for these the quantity of captured
fish was noted, depth and capture gear, and minimum and maximum lengths of
the captured fish. Data on the number [quantity] of fishermen and captured
fish, of course, is dependent on different factors -- on the degree of employ-
ment of observation [the time spent in observation] by the polar scientists
and [their] work experience [literally; economy of work], on yearly factors,
on disturbances caused by rather frequent occurrences of bears, etc. Due to
these factors, the figures from the various months are difficult to compare,
but, nevertheless, they present in themselves definite interest (Table 1).
From Table 1 it appears that from the end of November to the end of
March inthenigher lTatitudes (80°04” to 81°23.5” N. Lat.) on the meridian
of Vrangel Island under the pack ice schools of these fishes are present
constantly, the most successful collections [literally; methods] (schools of
thousands) were noted during almost the whole month of December (from 71O
24) and during the first half of the month of February. Comparison of the
notes in the journal with specific composition of the recorded [preserved]
samples of fish (see.Tables 2 and 5) demonstrated that among the fish rePorted
as “ice cod” in rea]ify were not only Arctogadus qlacialis, but also Boreo-
skg. saida. The account of the measurements of the fish in the catches

does not give guarantees of [correct] specific determination, but all the ana-
lyses merit consideration. So, the smallest sizes of fish in the mass cap-
tures change rather naturally: in November, according to the notes in the
journal, the smallest length (5°) was --.7 cm, in December -- 8 cm (very many),
in January -- 8-10 cm, inFebruary-10-11 cm. Such measurements are able

to be correlated with increasing length from November to February of saika

of age group 1+, however, this may also be the young of the ice cod, the devel-
opment of which is not known. Except for these, it is possible to identify
“saika” in the notes of the journal, swimming in the hole individually or in
schools (but not captured): on 25 May “saika” about 3-4 cm long were observed
twice; on 16 June 2 “saika” about 6-7 cm long; inthe second half of November --
separate schools of fish from 5 to 7 cm long; on 6 January in the hydrological

! Approximate length of the swimmingjuveniles in the hole, but not the

captured juveniles.



hole *“one small fish 2.5 cm long swam”.

The greatest measurements of captured (but not preserved) fish in
November-January were rather uniform, around 17-19 cm, rarely to 20-22 cm,
but in February-March the fish were noticably larger:” inthefirst half of
February the maximum lengths in every catch were up to 23.5-30.5 cm, and in
the second half of February to 30-38 cm, and in March -- to 30-43 cm. With
respect to this it is important to note that in the preserved sample from
SP-16 (7 samples; 167 specimens) the greates length of B. saida most frequently
did not exceed 15-17 cm, rarely to 18 cm.

All this provides a basis to propose that from November to January
saika on the whole were present in mass sub-ice catches, and in February and
March the ice, or black, cod (A. glacial is) predominated. This inference
from the journal notes corresponds with the actual composition of the pre-
served samples; in these [samples] A. glacial is was only in the February
and March samples and only one time (SP-10; 75°32” N. Lat.) was taken in
the second half of January; during the remainder of the months in all collec-
tions from the drifting stations only saika were found (see Table 5). In
truth, in the phonological journal of SP-16 are [present] individual notes
about relatively large fishes (i.e. supposedly about black cod) in December.
Regarding the mass catches on 23-24 December (by means of hooks nearly a
thousand fish were thrown on the ice), the length of one fish was 23.5 cm,
and on 8 Decenber “in the hole swam a fish nearly 30 cm long, swallowed the
bait with the hook, threw the hook [literally; tore away] and left”. In this
way, A. glacialis, apparently, is found at sub-ice levels in December, but
probably more rarely than saika. .

Some conclusions, from the notes of the journal, are able to be made
regarding the depths of the fish aggregations. In the dark time of the year
(November-February) all the fish, possibly attracted to the electric light,
were caught close to the surface (not deeper than 2-3.5 m), and, therefore,
for the capture net and gaff were employed. In the second half of February
they [scientists] more often caught the fish on hooks at depths of 5-15 m,
and in March, with the appearance of the sun, the fish stayed deeper and at
the end of March were mainly caught at depths of 10-25 m.

This, unfortunately, restricts the conclusions which are able to be con-
sidered more-or-less real to the basic analyses of the notes of the phono-
logical journal of SP-16. This applies to the samples of preserved specimens



of fish, of which were taken 136 X-ray photographs of saika and 30 of ice

cod for the study of variability in the numbers of vertebrae and some other
meristic characters; 19 Specimens of A. glacialis had a determinable age'

(F. B. Mukhomediyarov), and several score fish of both species had the stomach
contents examinedandidentified e A. Pavshiks) The authors also grate-
fully acknowledge the assistance rendered by 0. L. Khristoforov (Leningrad
University) for identification of the gonadal conditions of hoth Species.

Arctogadus glacial is “Peters’ (Fig. 2)

Material. 30 specimens total length 136-412 mm (Table 2, Fig. 1).

From 30 specimens: ID 10-13, usually 11-12, 11D 16-21, often i21-23,
[IID 20-25, usually 12-23, 1A 19-24, usually 20-22, 11A 19-25, usually 21-22.
In the first interdorsal space (between ID and IID) the are no free (not
attached to rays) interneuralia (Andriashev, 1955), but such supporting ele-
ments are well developed in the second interdorsal space (4-8, usually 5-6),
and similarly inthe interanalspace (3-8,usualy 5-7 free interneuralia).
In the caudal fin all the bordering [literally; along the edge] rays were
counted, including,the<anteriormost, very short [rays], usually 51-53 rays
(23—25 + 4 + 23—24) ,’ only 4 rays articulate with the urostyle vertebra
“[ural centrum] (to a sing'le, much reduced hypural );the bordering rays ex-
tend anteriorly to above the Ilth (from the fina]) vertebra. Trunk verte-
brae 19-21, wusually 20, caudal vertebrae 38-40, total vertebrae 58-61,
usually 59-60, mean 59.39 (Table 3). Gill rakers on first arch 28-34, pyloric
caecae 29-35.

Teeth on palatines usually well developed, although variable in number
(5-12), in a single basal row; in one specimen 29 cm long palatine teeth ab-
sent, although in other characters this specimen di d not differ from the
rest of [the specimens of] A.'glacialis; this was observed in American fish
(Nielsen, 1967).

The chin barbel was absent in our specimens, either present as a rudi-
ment or a small knob in [this ] species or reduced to a slight, triangular
[fleshy] appendage; more rarely in our locality a rudimentary barbel less
than 2 inn long was developed.

1 For future collections done on SP [stations] bear in mind the following:

in all the specimens of B. saida kept for a long time in a frozen state, the



The scales [literally; fish scale covering] are typical for cod-fishes --
the scales overlapping in a tile-like fashion, more or-less elongate, cycloid, -
small; there are no scales or bony plates with spines.

Color dark, dorsal part, sides and ventral part of head blackish-cinnamon,
as also is the body, only somewhat lighter on the sides and abdomen; all
fins black. Peritoneum blackish-cinnamon. Young specimens colored noticeably
lighter.

Age was determined by F. B. Mukhomediyarov using scales and otoliths
from 19 large specimens; in the sample 7-year olds predominated (Table 4).

The most intensive growth takes place in the first 3-4 years of 1 ife,
judging from the wide and clear first rings [annuli] on the otoliths, at
[after] this time the rings of subsequent years [become] more narrow.

In the collections from the Canadian Arctic the standard length of most
of the specimens was equal 325 mm (Nielsen, 1967), in our material only for
two specimens was it [size] greater -- 331 and 377 mm.

In females of standard length 27 cm and greater gonads were found [to be]
in the beginning of stage Il of maturity (beginning of trophoplasmic growth);
apparently these female comparatively recently (not more than 2-3 months
before) had spawned,. ,The largest of the females (total length 412 mm) had
filamentous-like reduced gonads, probably as a result of the physiological
“ageing process (Khristoforov, 1978).

The food of adult ice cod is composed of fishes (apparently saika 8-12
cm long), relatively large amphipods_Lagunogammarus wilkitzkii ,”Apherusa
glacialis, ’Pseudolibrotus “nanseni, Parathemisto 1ibeliula and others [identi-
fied by N. L. Tsvetkova), [some] part of which inhabit the lower surface of
of the floating ice, that is, perhaps related to cryopelagic forms (Andriashev,
1967, 1976, 1978; Averintsev, Golikov, 1977; Mel'nikov, Kullkov, 1980), small

glacialis, Metridia longa and others) are found in the stomachs of ice cod

noticeably less often [literally; more rarely] than in saika, but the lumin-
escent ~: ‘longa are taken fairly frequently.

"(cont. from preceding page) otoliths were not whole, but in fragments (seen
well in X-ray photographs), and only in one sample, preserved in ethanol,
were all the otoliths preserved well.



Walters (Walters, 1961) observed mass congregations of A. glacialis
also in the wintertime (from the end of November to the beginning of January)
approximately in this region, but 200 miles to the south (near 77° N Lat.).
Since in Walters' material mature females were absent, he concluded that
sub-ice congregations of A. glacialis were tied to wintertime feeding mi-
grations (stomachs were filled “with small crustaceans’).

Boreogadus saida (Lepechin)

Material. 176 specimens, 64-248 mm long (.Table, Fig. 3).

By means of X-ray photographs of 136 specimens the variability in the
number of vertebrae in saika at SP-16 was examined: (54) 55-57, usually 56,
mean 55.79; of these, trunk vertebrae 18-19 (20), mean 18.59, “caudal verte-
brae (35) 36-38 (39), mean 37.25 (Table 6). “From Table 6 may be seen con-
siderable uniformity of the different sample in mean number of vertebrae.

In truth, one may notice that the mean in the samples increases somewhat from
November to February, that basically these [increases in means] are correlated
with the small “increases in positions of latitude of SP-16 from 80°15” N

Lat. to 80°53” N Lat. However, the paucity of material and the small dis-
placements of SP-16 to the north are quite insufficient for conclusions re-
garding latitudinal variations in numbers of vertebrae.

The scales [literally; the scaly integument] of B-; saida clearly differs
from all other representatives of the family Gadidae in two morphological
features: (1] very small, oval, cycloid scales, arranged in rows with [re-
spect to] each other, sometimes touching on the edges; but not overlapping
each other in a tile-like fashion, as i1s the case in the remaining cod-fishes

7 (jensen, 1948; Andriashev, 1954; Nielsen, 1967); (2) besides the usual scales,
on the body are many bony plates, each of which is equipped with [bears]
spines with blunt tips dorsally and posteriorly directed. These spiny plates

~are well seel in radiographs and stain mach more intensively with alizarin
than the scales, arranged along the entire body, except for the head and back
[dorsal body surface] in front of ID, and make the surface of the body rough to
the touch, as is emery paper. Using the alizarin preparation well differ-

¢entiated all the different itates of development of the spiny plates from
formation of little spines on the edges of common flake-like scales, which,
gradually expanding, form the individual basal plates with the spine,



reminiscent of small plate-like scales. But this feature of acaly integument,
unique among cod fishes, merits special examination with detailed photo-
documentation.
In our preserved samples from the drifting stations saika of total lengths
from 8.5 to 18-19 cm predominate. These in the majority were sexually im-
mature individuals around 16-17.¢cm, which were not ripening for the next
spawning. However, together with these are found fishes 16-19 cm long, which
according to the findings of 0. L Khristoforov, will [would] participate in
the next spawning: these were males in stage IV maturity and females in
stage |11, having oocytes of incomplete trophoplasmic growth with diameters
of 0.6-0.9mm. Besides these, in the samples are isolated large individuals \//
(to 25 cm) with thre_\agl J‘ke'_ Nrgﬂdﬁage&iﬁqgr&?s 3‘892\ at;is]ult of physiological
ageing. Such a for< 1n°ﬂhe basic mass of Sub-ice schools of saika in near- . pi:s
polar latitudes makes up [constitutes] the first-time r 1pemng1nd1v1dualnj_’«"“ﬂ'/A
only part of which will participate in the next spawning. ”“;»aé iy
The food of saika from SP-16, identified by E. A. Pavshtiks from 30

stomachs, usually consisted, in the” central Arctic, of species of plank-
tonic animals, basically Calanoida -- Calanus hyperboreus, C. glacialis,

Pareuchaeta g]ac1a]15 Chiridius obtusifrons, Pseudocalanus major and infre-
quently Metrldla.longa ‘(in 230 specimens, in only one stomach). Metridia

in the North Pole region makes up (in numbers) about 15% of the zooplankton
(Pavshtiks, 1977) and, although its population density did not exceed 10
specimens per m’, the ability of this copepod to be bioluminescent makes it
easily attractive to fish in the polar night. Besides Calanoida in the
stomachs were found Hyperiidae ”(Parathenlisto 1ibéllula juvenile and adults),

cryopelagic species of amphipods, mostly young stages ~(Lagunogammarus
wilkitzkii, Apherusa glacial is, Pseudolibrotus “nanseni and others), Harpacti-
coida, Lirnacine, juvenile stages of Euphewsiacea, chaetognaths, Oikopleura
and other Arctic planktonic organisms, and also small fish.

Thus, the winter diets of saika and ice cod are rather similar, but in
the saika small, planktonic crustaceans predominate, and also young stages
of cryopelagic amphipods, at this time in A. glacialis, besides Calanoida,
an important role [in diet] is played by fish and by large Amphipoda.

Regarding further studies of the winter diets of these species of cod-
fishes attention has been paid to the following topics. In the surface
waters of the central Arctic the biomass is shallower during the light months,




B P

in the winter the zooplankton moves down to the depths. So, according to
material from SP-17, in the winter of 1968-69, the biomass of plankton in-
creased at depths of 100-250 m 4-5 times in comparison with the light period
as a result of migrations from the surface layers (Pavshtiks, 1971). But
also in the wintertime, along with the minimum plankton biomass, in the
sub-ice layers in the high Arctic latitudes mass congregations of A. glacial is
and B-_ saida were observed on drifting Soviet SP stations, and also on the
American station "Charl ie" (Walters, 1961). Whether or not the sub-ice
(cryopelagic) and other Amphipoda, the quantity of which during the winter
is close to the surface, for example in the Nansen Basin, play a positive
role [an important role] here, it [quantity] is noticeably increased (Rozin-
ante fragilis, Lagunogammarus wilkitzkii , Eusirus holmi, Pseudolibrotus

nanseni, P. glacial is and others; Pavshtiks, 1971).

On the Cryopelagic Fish Species

New data on the dispersal of saika and ice cod in the sub-ice waters
of the high latitudes of the Arctic basin give a basis for briefly consid-
ering characteristgps of particular categories of ecological forms -- cryo-
pelagic species. Tt is generally accepted to consider every kind of ice as
a negative factor [detriment] for the existence of life in general and for
fish in particular. However, for a long time it has been known that in Arctic
and Antarctic waters exist species of fish which spend [their] lives to a
considerable extent in the midst of landfast and drifting ice. A preliminary
[primary] characteristic of these. fishes, called [named] cryopelagic
(Andriashev, 1968; Parin, 1968), in an original paper by one of these authors
was presented to the Symposium on Antarctic Biolgy in Cambridge (1968) in a
lecture: “Cryopelagic fishes of the Arctic and Antarctic and their signifi-
cance in polar ecosystems” (Andriashev, 1970).. Since this lecture, Which had
a direct relationship to the original paper, was not published in the national
press, but was printed in an obscurevolume of the transactions of the afore-
mentioned symposium only, we permitted ourselves [took it upon ourselves] i.n
thesis form to print some of the findings of the report, supplementary to
these recent unpublished findings) regarding this problem (Andriashev, 1976,
1978).



The term "cryopelagic" was suggested for fishes of polar seas, actively
swimming in the water column [literally; mass of water] (both in the range
of the continental shelf and over great depths), but in its life cycle more-
or-less closely constrained by landfast or different kinds of drifting (among
these also pack) ice. Juvenile, just as adult, individuals of the cryo-
pelagic species of fish are frequently observed under the—tower surfate of

the ice in the mldst of the mass of partially-frozen- crystalllzed ice plates

or in current ho]es ‘and _holes melted in the ice, where they flnd a refuge for

themselves from_numerous predators (seablrds,_seals, cetaceans,_ predatory.
flshes) and, at the same tlme feed on small crustaceans and other planktonic

o ——— e e

organisms and ice and _Sub- |ce dlatoms essential in considerable part in the

" mdintenance of primary production. In Antarctica “the basic cryopelagic “[fish]
species represented are two species of “wide-head” [literal translation of
Russian common name-- “shirokolobik"] -~'P aadﬁtﬁénia‘borthreiinkj (Boul.)
and Pagothénia "brachysoma (Pappenh.) from the family Nototheniidae. The
first accounts of behavior of fishes in ice were done by Capt. James K. Ross,
who observed that fishes of the species ""Notéthenia ‘phécae” (contemporarily
named Pagothenia brachysoma; see Andriastiev, 1976). lie concealed from the
pursuit of predators |n cracks and hollows in the pack “ice, and saw that
they threw themse]ves ‘from their refuge when the ship struck the ice or
“passed over them (Ross, 1847). Many similar observations have been made
in the Arctic with relation to saika -- observing [literally; seeing] that
it is churned up from the lower surface of the underside of the ice by the
icebreaker, from whence they are caught behind the icebreaker by the

following gulls and also skuas. Along the shoresof Greenland Jensen [Jensen,
1948) observed that fishes, identified aS‘PhOCaegadus‘megaTOps_[=’Arctor

the hgjes and between,the}cracks _in_the ice~floes. These S|mple but
reliable [careful] observations are more precise in our period of underwater
biology, both in Antarctica and in the Arctic. Thus, the thought expressed
for the first time by Capt., J, K. Ross (Ross, 1847} regarding the bipolarity
of existence, constrained by ice, of living forms of fishes ("Merlangus
polaris" or saika and its replacement [substitute] at the southern extreme
"Notothenia phocae") has received confirmation and elaboration [literally;

precision] in contemporary studies. More than this [moreover], it was
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demonstrated that ice acts_[serves] as an essential biotope not only for_the
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detached [free-éwﬂmﬁng] cryophilic species, but also for closely associated
:z__gjgggenqses -- sgghmgg_cryope]agicuamphipodediatom_l§§§pciatipns] (Andriashev,

1967, 1978; Gruzov, 1974; Golikov and Ave-intsey. 1977; and others). It is
interesting that trophic, and in large part the taxonomic structure,:of these
biocoenoses are greatly similar: ice (planktonic and attached) diatoms --
crustaceans, chiefly amphipods (Cheiromedon fongneri, “Pontogoneia Antarctica,
Paramoera walkeri and others in Antarctica, Lagunogammarus wilkitzkii,
“Apherusa glacial is and others in the Arctic) -- fish (nototheniids in Ant-
arctica, cod-fishes in the Arctic) -- sea birds [penguins, procellariforms

in Antarctica, gulls, guillemots, and others in the Arctic) and marine

mammals (Antarctic seals and minke whale and others in Antarctica, Greenland
seal, bristly seal, beluga whale, narwhal and others in the Arctic). The
presence of mass sub-ice congregations of two species of cod-fish in the
high latitudes of the Arctic makes more precise some of the features of the
problem under investigation, but in the majority [in large part] much effort
by polar ecologists is required in order to more fully interpret and quant-
itatively evaluate the role of cryopelagic fish in the polar ecosystems of
the seas of both'hgmjspheres.
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Figure Captions

Fig. 1. (p. 200). oOccurrences of Arctogadus glacial is according to the
collections of the drifting stations “North Pole”, 1957-1977.

Fig. 2. (p- 204). Ice, or black, cod (Arctogadus “glacial is) SP-16, 30
March 1969. Total length 412 mm.

Fig. 3. (p- 207). Occurrences of Boreogadus saida according to the collections
of the drifting stations “North Pole”, 1955-1973.




