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ERRATA

Feder, H. M. and S. C. Jewett. 1977. Trawl survey of the epifaunal

invertebrates of Norton Sound, Southeastern Chukchi Sea, and Kotzebue

Sound. Final Report to NOAA. R.U. No. 502. 148 p.

To meet the due date for this report, it was necessary to assemble,

type and edit the report within a short time interval. This led to a

number of errors. Corrections are listed below.

72 Figure 22, correct caption is - Percent composition in number,
volume, and frequency of occurrence of major food items from
16 Norton Sound starry flounders.

7 3 Figure 23, correct caption is - Food web for starry flounders,
PZatichtkgs stellatus, from Norton Sound, Port Clarence and
Southeastern Chukchi Sea. The thickness of lines in the food web
indicates the relative importance of prey items.

74 Figure 24, correct caption is - The relative importance of major
food items of starry flounders from Norton Sound, Port Clarence, and
the Southeastern Chukchi Sea. See Sect. V of the text for discussion
of the Index of Relative Importance (IRI).
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

Very few studies have had the assessment of the sublittoral epi-

faunal invertebrates of the northern Bering Sea and/or the Chukchi as

their goal (Ellson et a2., 1950 Sparks and Pereyra, 1966 Mueller and

Feder, 1974). Further data on composition and basic biology of speices

in these northern waters are essential before industrial activities take

place there. It was the primary intent of this investigation to collect

information on the composition, distribution, and biology of the epi-

faunal invertebrate components of Norton Sound, southeastern Chukchi Sea,

and Kotzebue Sound.

The specific objectives of this study were:

10 A qualitative inventory of dominant benthic invertebrate epifaunal

species within the study sites.

2. A description of spatial distribution patterns of selected benthic

invertebrate epifaunal species in the designated study sites.

3. Preliminary observations of biological interrelationships between

selected segments of the benthic biota in the designated study areas.

The trawl survey for the investigation of epifaunal invertebrates

was effective, and excellent spatial coverage of the shelf of the north-

eastern Bering Sea and southeastern Chukchi Sea was obtained. One hundred”

seventy-six stations were established; 106 stations in the Norton Sound

area and 70 stations in the Chukchi Sea-Kotzebue area. Each station was

occupied fop 30 minutes with a 400-mesh Eastern otter trawl during

September and October, 1976. Taxonomic  analysis of the invertebrates

collected in the Norton Sound area delineated 13 phyla and 187 species;

Chukchi Sea - Kotzebue Sound invertebrates consisted of 11 phyla and 171
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species. Echinoderms made up the bulk of the invertebrate biomass

with 80.3% in the Norton Sound region and 59.9% in the Chukchi Sea-

Kotzebue Sound region. Other important phyla were Arthropoda and Mollusca.

Feeding data Were obtained on fofir species of sea stars (Asterias

amurens{s, Leptaste?ias  polaris acervata,  Evastetias eehinosoma, Lethasterias

nanimensis) and one species of flatfish (PZatichthys ste$latus). The sea

stars were feeding on a variety of epifaunal  and infaunal species with l?.

eeh{nosoma and L. nunimensis primarily taking clams, specifically the

Greenland cockle, Serr@es groen~andicus. Differences in the food habits

of the starry flounder, P. steli?atius,  between the study areas were apparent.

Starry flounders from Norton Sound fed mainly on the clam, YoZdia lzyperbozwa

and the brittle star, Diamphiod4a eraterodheta ; starry flounders from the

southeast Chukchi Sea mainly utilized the proboscis worm, Echiuru+s eehiwus

aZaskensis and the prickleback  fish, Lumpenus fabr{e{~. Food data collected

for P. s_teZZatus have made it possible to develop a preliminary food web

for the study areas.

The possible importance of sea stars, the invertebrate group domin-

ating in biomass in the areas, is considered in this report. It is suggest-

ed that these organisv may contribute pulses of high energy organic material

by way of gametes at spawning time, into overlying waters, and that they

represent important components of secondary production in the study areas.

A large number of the.species  collected in the study area were either

sessile or slow-moving forms. Furthermore, many important food organisms

were deposit feeders or were species capable of using this feeding method

part of the time. Many of these species would be affected by oil spills

either because of their inability to leave the area or as a result of

their dependence on skdiments in the feeding prodss.
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The importance of deposit-feeding clams in the diet of starry flounders

and sea stars is demonstrated. A high probability exists that oil hydro-

carbons will enter starry flounders, sea stars and other bivalve predators

via deposit-feeding molluscs, suggesting that studies interrelating sedi-

ment, oil, deposit-feeding clams, and appropriate predator species should

be initiated

Initial

and/or large

soon.

assessment of the data suggests that a few unique, abundant,

benthic species (snow crabs, king crabs, crangonid  shrimps,

sea stars, starry flounders) are characteristic of the areas investigated

and that these species may represent organisms that could be useful for

monitoring purposes. Two biological parameters that should be addressed

in conjunction with petroleum-related activities are feeding and repro-

ductive biology of important species. It is suggested that an intensive

program designed to examine these parameters be initiated well in advance

of industrial activity in the oil lease areas.

11. INTRODUCTION

General Nature and Scope of Study

The operations connected with oil exploration, production, and trans-

portation in Norton Sound and the Chukchi Sea present a wide spectrum of

potential dangers to the marine environment (see Olson and Burgess, 1967,

for general discussion of marine pollution problems). Adverse effects on

a marine environment cannot be assessed, or even predicted, unless back-

ground data pertaining to the area are recorded prior to industrial

development.

Insufficient long-term information about an environment, and the basic

biology and recruitment of species in that environment can lead to erroneous

351



67

6E

6:

64

6:

170”

*’\ e* ● ~..

\

‘w
\ A-36 A-t  A-2 8.3 A
I 8 Ouantifohw  slo!i~  - -

A-4
1 . *oA o
\ A-6 - A+7 ,i-8-

0 Cbabmve  swims
A -A -57 +$ A ‘/. ” A llntrowiatJe stokw

. .

.

,--/
(1 ! (’40-

.1
. . . . . . ..- -, “.. -

1 1 (

170’ 168” 166° 164” }62”

Figure 1. Benthic trawl stations occupied by XOAA Ship ~!{ller Freeman,
2 September - 13 October, 1976.

352



interpretation of changes in species composition and abundance that might

occur if the area becomes altered (see Nelson-Smith, 1973; Pearson, 1971,

1972; Rosenberg, 1973, for general discussions on benthic biological inves-

tigations in industrialized marine areas, and Lewis, 1970 for comments

on the populations of marine species fluctuation or populations of marine

species over a time span of a few to 30 or more years).

Benthic organisms (primarily the infauna, and sessile and slow-moving

epifauna)  are useful as indicator species for a disturbed area because

they tend to remain in place, typically react to long-range environmental

changes, and by their presence, generally reflect the nature of the sub-

stratum. Consequently, the organisms of the infaunal  benthos have fre-

quently been chosen to monitor long-term pollution effects, and are believed

to reflect the biological health of a marine area (see Pearson, 1971, 1972,

1975; and Rosenberg, 1973, for discussions on usage of benthic organisms

for monitoring pollution).

Experience in pollution-prone areas of England (Smith, 1968), Scotland

(Pearson, 1972), and California (Straughan,  1971) suggests that at the

completion of an initial exploratory study, selected stations should be

examined regularly on a long-t~rm basis to determine any changes in species

composition, diversity, abundance, and biomass. Such long-term data

acquisition should make it possible to differentiate between normal eco-

system variation and pollutant-induced biological alteration. An intensive

investigation of the benthos of Norton Sound and the Chukchi Sea is essential

to an understanding of the trophic interactions involved there and the

potential changes that may take place once oil-related activities are

initiated.

3 5 3



The study reported here is a preliminary assessment of the benthic

biology of selected invertebrate epifauna and the feeding biology of the

starry flounder, Platichthys stellatus, of Norton Sound and the southeastern

Chukchi Sea. This study is intended to extend northward the investigation

of the Alaska continental shelf as part of the Outer Continental Shelf

Environmental Program (OCSEAP). A quantitative assessment of the infauna

of the study areas is still lacking. Specifically, this report considers

the following: (1) the distribution and biomass of epifauna; (2) feeding

observations on three species of sea stars and the starry flounder,

Platichthys stellatus;  (3) reproductive observations on five species of

shrimps, eight species of crabs, and two species of sea stars; and (4)

parasitological observations on two species of sea stars, and one species

of hermit crab.

Relevance to Problems of Petroleum Development

The effects of oil pollution on subtidal  benthic organisms have gener-

ally been neglected , although the results of a few studies, conducted after

serious oil spills, have been published (see Boesch et az., 1974 for

review of these papers). Thus, lack of a broad data base elsewhere makes

it difficult to predict the effects of oil-related activity on the sub-

tidal benthos of the Norton Sound - Chukchi Sea - Kotzebue Sound. However,

the expansion of research activities into these waters should ultimately

enable us to identify certain species or areas that might bear closer

scrutiny once industrial activity is initiated. It must be emphasized

that a considerable time span is needed to comprehend fluctuations in

density of marine benthic species, and it cannot be expected that a
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short-term research program will result in predictive capabilities. Assess-

ment of the environment must be conducted on a continuing basis.

Data indicating the effects of oil on most subtidal benthic inver-

tebrates are fragmentary (Nelson-Smith, 1973), but echinoderms are

“notoriously sensitive to any reduction in water quality” (NelsonTSmith,

].973) ● Echinoderms (ophiuroids and asteroids) are conspicuous members of

the study areas (Feder et al., 1977b), and could be affected by oil

activities there. The sea star, AsterZas amurensis, is the dominant epi-

benthic species of the shallow shelf of the Norton Sound. - Chukchi Sea -

Kotzebue Sound areas examined (Feder et az., 1977b). Laboratory experiments

have demonstrated the sensitivity of Asterias rubens, a species from the

North Sea, to hydrocarbons when it is fed tissues contaminated with crude

oil. The latter sea star, when fed Mytihs edul{s containing low concen-

trations of crude.oil, eventually died (Crapp, 1970). The sensitivity of

A. amurens~s to oil should also be examined experimentally. The snow crab,

C’?vionoecehes opilio, is also commonly found in the study areas. Laboratory

experiments with the closely related Chionuecetes  bairdi have shown that

postmolt individuals lose most of their legs after exposure to Prudhoe Bay

crude oil (Karinen and Rice, 1974); obviously this aspect of the biology of

C. opizio must be considered in future OCSEAP investigations in the Norton

Sound - Chukchi Sea - Kotzebue Sound areas. Little other direct data

based on laboratory experiments are available for subtidal benthic species

(see Nelson-Smith, 1973). Thus, experimentation on toxic effects of oil

on other common members of the subtidal benthos should be strongly en-

couraged for the near future in northern Alaska waters as well as for

all OCSEAP areas of investigation. In addition, potential effects of the

loss of sensitive species to the trophic structure of the shelf must be
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examined. The latter problems can best be addressed once benthic food

studies resulting from the Outer Continental Shelf program are available

(e.g., see the following annual reports: Feder et az., 1977a; Feder and

Jewett, 1977; and Smith et az., 1976).

A direct relationship between trophic structure (feeding type) and

bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for

review). He describes a diesel-fuel oil spill that resulted in oil

becoming adsorbed on sediment particles which in turn caused the death of

deposit feeders living on sublittoral muds. Bottom stability was altered

with the death of these organisms, and a new complex of species became

established in the altered substratum. Many common members of the infauna

of the Norton Sound - Chukchi Sea are deposit feeders (Feder and Mueller,

1974; Feder et az., 1977b; Feder and Jewett, unpub. observations); thus,

oil-related mortality of these species could likewise result in a changed

near-bottom sedimentary regime with alteration of species composition there.

Furthermore, king and snow crabs and some bottom fishes use deposit feeders

as food (Feder et aZ., 1977a; Feder and Jewett, 1977).

111. CURRENT STATE OF KNOWLEDGE

Few studies. of benthic invertebrates have been made in the Norton

Sound - Chukchi Sea - Kotzebue Sound areas. Sparks and Pereyra (1966)

include a partial species list and general discussion of the benthos of

the southeast Chukchi Sea. Feder and Mueller (1974) present data including

species lists, population density, biomass, and feeding methods for

invertebrates collected by otter trawl, van Veen grab, and dredge in

Norton Sound near Nome. Ellson et az. (1950) present results of an

exploratory fishing survey in the Nome area in 1949.
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Most of the species collected in the current investigation were known;

also similar species have been reported for other regions of the north-

eastern Bering Sea shelf by Soviet investigations (Neiman, 1960; Stoker,

in prep.).

The starry flounder, Platichthys stellatus, occurs from southern

California northward to the Gulf of Alaska, Bering Sea, extending into the

Chukchi Sea and also off central Japan and Korea extending north to the

Okhotsk Sea. Feeding information’ for the starry flounder is available for

this species from Monterey Bay, California (Orcutt, 1950) and from the San

Juan Archipelago (Miller, 1967). Moiseev (1953) examined the food of coastal,

small-mouthed, benthophagic flounders (a group to which PZatichthys

stezzatus belongs) from the eastern coast of Russia.

IV. STUDY AREAS

The two regions examined included: (1) Norton Sound and the area north

of St. Lawrence Island, and (2) the eastern Chukchi Sea south of Point

Hope including Kotzebue Sound (Fig. 1). The Bering Strait arbitrarily

divides the two areas. All stations were east of the U.S.-Russia Conven-

tion Line of 1867. The sampling area for the starry flounder food study

reported here was divided into three general regions: the Norton Sound

area, Port Clarence, and southeastern Chukchi Sea (Fig. 2).

v. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Data were collected in conjunction with trawling activities of the

National Marine Fisheries Service on the NOAA Ship Mizler Freeman from

September 2-October 13, 1976. All collections were made with a 400-mesh
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Figure 2. Sampling locations where starry flounder, Platichthgs  steZZatus,
digestive tracts.were  examined by frequency of occurrence and/or
quantitative analysis. Dashed lines are arbitrarily placed to
delineate the three sampling areas. See Sect. V of the text for
methodology used in the starry flounder food studies.
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eastern otter trawl with a 12.2 m horizontal opening; standard tows were

30 minutes.

Invertebrates, except for gastropod, were enumerated, weighed in the

field, and given tentative identifications onboard ship by Institute of

Marine Science personnel. The bulk of the gastropod data was collected by

National Marine Fisheries Service personnel in accordance with contractual

agreements. Aliquot samples and voucher specimens of all invertebrates

(excluding gastropod) were preserved, and taken to the University of

Alaska for positive identification. Taxonomic, distribution, abundance

and biomass data were compiled in the laboratory at the University of

Alaska at Fairbanks. Biomass per unit area (g/m2) is calculated as follows:

w
Tw (DxIOOO); ‘here ‘= ‘eight ‘grams)’ W

= width of trawl opening (meters),

and (Dx1OOO) is distance fished (kilometers x 1000). The data bases for

all calculations of biomass per m2
are included with the station data

submitted to the National Oceanographic Data Center (NODC).

When laboratory examination revealed more than a single species in

a field identification, the counts and weights of the species in question

were arbitrarily

the entire catch

Information

expanded from the laboratory species ratio to encompass

of the trawl.

on feeding, reproduction, parasites and general ecology

of the invertebrates collected was recorded whenever time permitted. At

a station where parasitism was evident, a sample of the host organism was

examined to determine the degree of infection. In addition, feeding data

on the starry flounder, PZatichtihzjs stellatus,  was obtained.

Stations selected for starry flounder food studies were determined

in the field, and were dependent upon the time available for proper pre-

359



servation of fish stomachs.

examined aboard ship or the

buffered formalin  for later

The entire digestive tract,

Fish were immediately sorted, and either

digestive tracts removed and preserved in 10%

examination in the laboratory in Fairbanks.

including the stomach and intestine, was

examined. Each prey item was identified to the lowest taxon permitted

by their state of preservation. The frequency of occurrence method of

analysis, a semi-quantitative technique, was used for fish examined in

the field (see Konstantinov, 1972; and Jewett, 1977, for application of

this method). In the present report, since most fish were feeding, prey

items are expressed as the number and percent of fish containing various

food items relative to the total number of fish analyzed. Fish examined

in

of

the laboratory were analyzed using a quantitative method, i.e., frequency

occurrence in conjunction with a numerical and volumetric analysis of

gut contents. Counts of all items and volumes

water displacement to the nearest 0.1 ml, were

field were sexed and measured (total length to

of each taxon, measured by

made. Fish examined in the

the nearest 0.1 mm), and

those examined in the laboratory were sexed, measured (total length), and

weighed (total wet weight of fish to the nearest 0.1 g). The percent frequency

of occurrence (F), the percent contribution by number (N), the percent by

volume (V), and the index of relative importance (IRI) were calculated for

each of the prey items for each station and each area. The latter index,

IRI=F(N+V),  was developed by Pinkas et az. (1971). A one way analysis of

variance was used for all tests of significance on the index of relative

importance (IRI).
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Distribution, Abundance and

‘The preliminary Norton

VI. RESULTS

Biomass - Norton Sound Area

Sound - Chukchi Sea - Kotzebue Sound benthic

study permitted successful occupation of 106 stations in the Norton Sound

area. A total of 347.98 km were fished, and the total epifaunal  invertebrate

biomass was 18,231.06 kg or 3.73 g/m2. The occurrence of each species from

the

124

Norton Sound area is found in Appendix Table I.

Taxonomic analysis delineated 13 phyla, 26 classes, 89 families,

genera, and 187 species (Table 1). Mollusca, Arthropoda, and Echino-

dermata dominated in species representation with 74, 45, and 27 species

respectively (Table II). These three phyla also dominated the invertebrate

biomass, but in reverse order, i.e., Echinodermata (80.3% of the total

biomass), Arthropoda (9.6%), and Mollusca  (4.4%) (Table III).

The echinoderm families Asteridae, Gorgonocephalidae, and Strongylocen-

trotidae were the most abundant and important in biomass (Table IV; See App.

Table 11 for percentage composition of all phyla by family). Four sea stars

of the family Asteridae, As-terias  amurensis, Lethusterias nunimensis,

Evastetias eeh.inosoma and Leptasterias polaris aeervata made up 67.4Z

of the total invertebrate biomass (Table V; See App. Table 111 for percentage

composition of all phyla by species). The basket star, Gorgonocephak.s

caryi, and the sea urchin, Strongylocentrotus  droebachiensis, were also

dominant by weight.

The sea star, Asterias an?urensis,  was distributed throughout most of

Norton Sound. Stations north and northeast of St. Lawrence Island had few

occurrences of this species (Fig, 3). High biomass stations were generally

restricted to the inner-sound region. However, station D-20, located off
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TABLE I

Species taken by trawl from the Norton Sound area onboard the
NOAA Ship Miller Freeman, 2 September-13 October, 1976

Phylum Porifera
Class Demospongia

Family Axinellidae
Phakellia  SP.
PhakeZZia cribrosa (Miklucho-Maclay)

Phylum Cnidaria
Class Hydrozoa

Family Sertulariidae
“Unidentified species

Class Scyphozoa
Unidentified species

Class Anthozoa
Family Nephtheidae

Eunephthya rubifozw?is (Pallas)

Family Actinostolidae
Stomphia eocc+nea (O. l?. Miieller)

Family Actinidae
Unidentified species

Phylum Rhynchocoela
Unidentified species

Phylum Annelida
Class Polychaeta

Family Polynoidae
Aretonoe vittata (Grube)
I?unoe depressa (Moore)
Eunoe senta (Moore)

Family Nereidae
Nereis sp.

Family Flabelligeridae
B~a& v{ZZosa (Rathke)

Family Sternaspidae
Sternaspis  scutata (Ranzani)

Family Pectinariidae
Cistenides h~perborea (Malmgren)

Family Terebellidae
TepebeZZu sp.

Family Sabellidae
PotamiZZa sp.
Jas&niera  SP.
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TABLE I (Cent’d)

Class Hirudinea
Family Piscicolidae

CarcinobdeZZa  sp.

Phylum Mollusca
Class Polyplacophora

Family Acanthochitonidae
Cryptochiton steZZeri (Middendorff)

Family Mopaliidae
Amicula pallasii (Middendorff)
Amieula vestita (Broderip  and Sowerby)

Class Pelecypoda
Family Nuculanidae

Yoldia sp.
Yoldia hyperborea  (Loven)
Yoldia myalis (Couthouy)

Family Glycymeridae
GQegmeris  subobsoleta (Carpenter)

Family Mytilidae
Mgtilus edulis Linnaeus
Museuhs niger Gray
Muscuhs discors (Linn6)

Family Pectinidae
Chlamys rubida (Hinds)

Family Astartidae
Astarte boreaZis (Schumacher)
Asturte montagui (Dillwyn)

Family Carditidae
Cyclocardia cwebricostdtu  (Krause)
Cyclocardia crassidens (Broderip and Sowerby)

Family Kelliidae
Pseudopythina  sp.

Family Cardiidae
Clinocardium  sp.
Clinocardium ciliatwn (Fabricius)
Clinoca.rdium  nuttallii (Conrad)
Clinocardium  californiense Deshayes
Serripes groenlandicus  (Bruqui~re)

Family Veneridae
LiocDnu fluctuosa (Gould)

Family Mactridae
Spisuk po2Unywz (Stimpson)
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TABLE I (Control)

Family Tellinidae
Macoma SP.
Macomn calcarea (Gmelin)
Macoma brota Dan
l’ell~?zz Wea wood

Family Myidae
Mya pseudoawnatia Schlesch

Family Hiatellidae
Hiatella arctica (Linn6)
Panomya arctica (Lamarck)

Class Gastropod
Family Trochidae

Margaritas g;ganteus (Leche)
Solar~eZZa sp.
Solariella obscwra (Couthouy)
Solaz%ella vaticosa (Mighels and Adams)

Family Turritellidae
Tach@.ynehus erosus (Couthouy)

Family Epitoniidae
Opalia SP.

Family Trichotropididae
Ttichotropis  biearinata  (Sowerby)
T~ichot~opis  insignis Middendorff
Trichot~opis  kroyeri Philippi

Family Naticidae
IVatica clausa Broderip and Soverby
Pol{nices pallih (Broderip and Sowerby)

Family Velutinidae
Velutina sp.
Velutina plicatilis (Mtiller)

Family Muricidae
Boreotrophon clathratus (Linnaeus)

Family Buccinidae
Buccinum SP.
Buccinwn angulosum Gray
Buccinum  sealariforme M611er
Buccinum glaciale Linnaeus
Buccinum solenwn Dan
Buccinum polare Gray
Buccinwn  fringillum  Dan
Buccinum tenelhun  Dan
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TABLE I (Cent’cl)

Family Neptuneidae
Ancistrolepsis SP.
Beringius crebricostatus  Dan
Beringius  beringii (Middendorff)
Beringius stimpsoni (Gould)
Colus spitzbergensis  (Reeve)
Colus ombronius (Dan)
COIUS hypolispus (Dan)
Liomesus ooides (Middendorff)
Ne@wzea ventticosa  (Gmelin)
Neptunea borealis (Philippi)
Neptunea heros (Gray)
P2{ei~usus  kroyeri (M611er)
PZicifusus  verkruzeni Kobelt
Pyrulofusus  deformis (Reeve)
Vo-h-topshs Sp.
Volutopsius  filosus Dan
VoZutopsius fragilis Dan

Family Turridae
Oenopota harpa (Dan)
Obesitonu siqlex (Middendorff)

Family Dorididae
Doris S~.

Family Dendronotidae
Dendronotus sp.

Class Cephalopoda
Family Octopodidae

octopus Sp.

Phylum Arthropoda
Class Pycnogonida

Unidentified species

Class Crustacea
Order Thoracica

Family Balanidae
Balanus sp.
Balanus balanus (Linn6)
Balanus postratus Pilsbry

Order Cumacea
Unidentified species

Order Isopoda
Family Idoteidae

Saduria entomon (Linnaeus)
S~ynidotea bicuspih (Owen)

Family Sphaeromatidae
Tecticeps sp.
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TABLE I (Cent’d)

Order Amphipoda
Family Ampeliscidae

Unidentified species

Family Eusiridae
Eusirus SP.
Rhachotropis  sp.

Family Gammaridae
Melita sp .
Melita dentata IW5yer

Family Ischyroceridae
Jassa sp.

Family Lysianassidae
Anonyx SP.
Anonyx nugax pacifica Kr3yer
Anunyx ampulloides Bate
Socarnes Sp.

Family Podoceridae
Dul;chia  spinosissima

Family Stegocephalidae
Stegocephalus infbtus Kr5yer

Family Hyperiidae
Pa~athetisto  japonica  Bovallius

Family Caprellidae
Unidentified species

Order Decapoda
Family Pandalidae

Pan&zlus borealis Kr8yer
Pandhlus  goniurus Stimpson
Pan&zZus  hypsinotus Brandt

Family Hyppolytidae
Lebbaus groenlandica  (Fabricius)
Eualus Sp.

Euahs fabr;ci; (Kr6yer)
Eua2us gaimardii belcheti (Bell)
Eualus macilenta (Krtiyer)

Family Crangonidae
Crangon dalz{ Rathbun
Sc2erocrangon boreas (phipps)
Argis Zar (Owen)
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TABLE I (Cent’d)

Family Paguridae
Pagupus oehotensis (Benedict)
Pagurus capilktus  (Benedict)
pagurus trigonocheirus  (Stimpson)
Pagurus daZ2i (Benedict)
Labidochirus splendescens  (Owen)

Family Lithodidae
Hapalogaster grebnitzkii Schalfeew
Paralithodes  eamtsehutica  (Tilesius)
Pa~alithodes platypus Brandt
Sculptolithodes derjugini Makarov

Family Majidae
Hyas coaretatus alutiaeeus Brandt
Chionoecetes  opilio (Fabricius)

Family Atelecyclidae
Telmessus  eheiragonus  (Tilesius)

Phylum Sipunculida
Family Golfingiidae

Golfingia margaritacea (M. Sars)

Phylum Echiurida
Class Echiuridea

Family Echiuridae
Echiurus eehiurus alas.kensis Pallas

Phylum Priapulida
Family Priapulidae

Priapulus  cauoktus Lamarck

Phylum Ectoprocta
Class Cheilostomata

Family Flustridae
Flustra sp.

Family Bicellariellidae
Dendrobeania  sp.

Class Cyclostomata
Family Diastoporidae

Diaperoecia sp.

Family Heteroporidae
Heteropora sp.

Class Ctenostomata
Family Alcyonidiidae

Alc~yonidium SP.
A2cyonidium disciforme  Smitt
Alcgonidium vermiculare Okada
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TABLE I (Cent’d)

Family Flustrellidae
Flustrt?llu gigatatea  Silen

Phylum Brachiopoda
Class Articulate

Family Dallinidae
Laqueus californianus Koch

Phylum Echinodermata
Class Asteroidea

Family Echinasteridae
lh.tieia SP.

Family Pterasteridae
Pteraster obseuxa (Perrier)

Family Solasteridae
Czwsaste~ papposus (Linn6)
Solaste~ SP.
Solaster damson< (Verrill)

Family Asteriidae
Aste~ias amurensis Liilcten
Asterias ~at?zbuni  (Verrill)
Evasterias echinoso?wz  Fisher
Evastetias _troscheZZii (Stimpson)
Leptasterfas sp.
Leptasterias aZuskensis  Fisher
Leptasterias poZuPis acematu Stimpson
Lethusterias  sp.
Lethustetias nanimo-zsis (Verrill)

Class Echinoidea
Family Echinarachniidae

Echina~achnius  parma Lamarck

Family Strongylocentrotidae
StrongyZoeent~otxs  d.roebach{ensis (O. F. Mfiller)

Class Ophiuroidea
Family Amphiuridae

Amph<odia sp.
Diarph-iodia  erate~ocheta  (Clark)

Family Gorgonocephalidae
Gorgonoce@aha cary~ (Lyman)

Family Ophiactidae
OphiophoZis acuZeata (Linn6)

Family Ophiuridae
Ophiura sars{ Liikten
Stegophiura  sp.
Stegophiura nobsa Liikten
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TABLE I (Cent’d)

Class Holothuroidea
Family Cucumariidae

CucumaAa 5P.
Cucumaria  calcige~a  (Stirnpson)

Family Psolidae
Psohs ~aponicus Gestergren

Phylum Chordata
Subphylum Urochordata

Class Ascidiacea
Family Rhodosomatidae

Chelyosoma Sp.
Che@osoma cobonbianum  Huntsman
Che@osoma orientale Redikorzev

Family Styelidae
Stgela macrenteron  Ritter
Pelon.aia comugata Forbes and Goods

Family Pyuridae
Boltenia ovifera (Linn6)
BoZtenia echinata Linn&
Halocgnthia sp.
Halocynthia aumntiwn (Pallas)

Class Thaliacea
Family Salpidae

Unidentified species
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TABLE II

Number and percent of epifaunal invertebrate species
by phylum and class from the Norton Sound area

.
No. of %Of “

Phylum Class Species S~i es—— — ——

Porifera Demospongia 2 1.08

0.54
0.54
1.61— .
2.69

Cnidaria Hydrozoa 1
Scyphozoa 1
Anthozoa 3-.

Totals 5

Rhynchocoela Unidentified 1 0.54

Annelida Polychaeta 10
Hirudinea 1

Totals ii-

5.38
0.54
m

1.61
14.52
23.12

Mollusca Polyplacophora 3
Pelecypoda 27
Gastropod 43
Cephalopod 1

Totals z
0.54

39.79

Arthropods Pycnogonida 1
Crustacea 44

Totals F

0.54
23.12
23.66

0.54Sipunculida

Echiurida

Priapulida

Ectoprocta

1

Echiuridea 1 0.54

1 0.54

1.08
1.08
2.69
m

Cheilostomata 2
Cyclostomata 2
Ctenostomata ~

Totals 9

Articulaca 1 0.54Brachiopoda

Echinodermata Asteroidea 14
Echinoidea 2
Ophiuroidea 8
Holothuroidea 3

Totals H

7.53
1.08
4.30
1.61

14.52

Ascidiacea 9
Thaliacea 1

Totals E

4.84
0.54
5.38

— .

Chordata

Grand Totals 186 100.00

370



TABLE III

Number, weight, and biomass (g/mz) of the
Norton Sound area (N.S.) and Chukchi Sea -

invertebrate phyla of the
Kotzebue Sound area (C.S.)

.-
Number of
organisms Weight (kg) % Total wt. g/m2

Phylum N.S. C.S. N.S. C.s. N.S. C.S. N.S. C.S.

Porifera

Cnidaria

Rhynchocoela

Annelida

Mollusca

Arthropoda
(Crustacea)

Sipunculida

Echiuroidea

Ectoprocta

Priapulida

Brachiopoda

Echinodennata

Chordata

764

24485

7

1090

8788

68510

3

9

65

1

2

93206

7366

777

9488

5

7282

16489

66530

10

31

65

60720

41814

74.01

782.56

0.01

4.72

794.86

1756.44

0.04

0.19

6.03

<.01

<.O1

14632.83

175.35

73.49

426.55

0.06

14.53

1230.00

1204.27

0.24

0.82

11.25

5763.55

892.45

0.41 0.76

4.29 4.44

<.01 <.01

0.03 0.15

4.36 12.79

9.63 12.52

cool <.01

<.01 <.01

0.03 0.12

<.01 -

<.01 -

80.26 59.93

0.98 9.28

0.015 0.025

0.160 0.146

<.001 <.001

0.001 0.005

0.162 0.411

0.359 0.411

<.001 <.001

<.001 <.001

0.001 0.004

<.001 -

<.001 -

2.994 1.967

0.036 0.304
(Ascidiacea)

TOTALS 204296 203211 8231.06 9617.21 100% 100% 3.73 3.28
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TABLE IV

Number, weight, and biomass (g/m*) of major invertebrate families of the
Norton Sound area (N.S.) and Chukchi Sea - Kotzebue Sound area (C.S.)

Number of
organisms Weight (kg) % Total wt. _#m2

Phylum N.S. C.S; N.S. c . s;” N.S. C.S. N.S. C.S.”

Actiniidae 21498 7663

Neptuneidae 6495 12563
Crangonidae 22568 15772
Paguridae 24420 21106

Lithodidae 1046 20

Maj idae 6264 25553
Atelecyclidae 1116 674
Asteridae 70866 28682

Strongylo-
centrotidae 9572 8794

Gorgono-
cephalidae 5218 1285

Rhodosomatidae 146 15481

Styelidae 5541 5822

Pyuridae 1469 19018

540.05

735.19
159.74
336.88

773.81

245.54
150.62

12669.50

238.81

1176.40
100.30
317.57

6.87

682.13
89.50

4640.09

610.58 616.15

1281.55 331.81

3.72 466.46

139.62 198.73

33.01 219.69

2.94 2.47

4.00 12.18
0.87 1.03
1.83 3.28

4.21 0.07

1.33 7.06
0.82 0.92

69.04 48.04

3.327 6.37

6.98 4.43

0.02 4.83

0.76 2.05

0.18 2.27

0.110 0.082

0.150 0.405
0.032 0.034
0.068 0.109

0.158 0.002

0.050 0.234
0.030 0.030
2.592 1.597

0.124 0.212

0.262 0.114

0.001 0.160

0.028 0.068

0.006 0.075

TOTALS 176219 162433 17679.81 9084.51. 96.31 94.00 3.61 3.12
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Percentage composition
of the leading invertebrate

Arthropoda
(Crustacea)

Mollusca

TABLE V

by weight and the feeding methodsl
species collected in the Norton Sound area

% wt. of FeedingL Avg. wt. per ;{ wt. of % wt. of
Phylum all phyla Leading Species Method I~dividual phylum all phyla

Echinodermata 80.30 Asterias amurensis P 178 g 68.29 54.46
Corgonoeephalus ca~yi SUS–P 246 g 8.76 6.98
Lethasterias nanimensis P 311 g 7.06 5.63
Evasterias echinosoma P 692 g 4.93 3.93
Leptasterias polaris acervata P 106 g 4.23 3.37
Stronggloeentrotus droebaehiensis  H-S-P 64 g 4.17 3.33

Totals 97.44 77.70

9.59 Paralithodes camtschatiea P-s 801 g 41.~o 3.99
Hgas eoaretatus  alutaceus P-s ? flcl g 10.53 1.00
Pagurus trigonoeheirus P-s ? 15 g 10.02 0.95
Telmessus  ehei~agonus p-s ? 135 g 8.62 0.82
Pagurws capillatus p-s ? 12 g 6.14 0.58
Argis Zar s ? 7g .5.66 0.54

Totals 82.87 7.88

4.36 Neptunea heros P-s 130 g 69.57 3.01
~Jeptunea ventricosa P-s 80 g 11.17 0.48
Beringius  beringi P-s $lo g 6.00 0.26
Serripes groenlandicus Sus 38 ~

Total 94.25

5.43 0.24

1Based on Hatanaka  and Kosaka, 1958;
pers. observation. Feeding methods
for species included above.

2
Feeding methods: P = predator; P-S

Sus = suspension feeder; SUS-P = suspension feeder-predator;
H-S-P = herbivore-scavenger–predator.

Totals 92.17 3.99

Reese, 1966; Pearce and Thorson, 1967; Feder et ,aZ., 1977b; and
for related species are included when no direct data are available

= predator-scavenger; S = scavenger;
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Nome, had the highest biomass with 539.80 kg per standard tow or 14.95 g/m2

(Fig. 3). Slightly less than 2500 specimens were taken at this station.

Lethaskerias  nanimensis occurred mainly in the northern half of Norton

Sound (Fig. 4). This

Island. Station D-7,

85.58 kg per standard

species was absent from stations north of St. Lawrence

also located off Nome, had the highest biomass with

tow or 2.52 g/m2 (Fig. 4).

Evastetias  eehinosoma,  the largest sea star found on the survey

(average wet weight of 692 g), and L. nanimens{s were found at similar

stations and attained similar biomasses at these stations (Fig. 5).

Likewise, station D-7 also had the highest biomass of E. eehinosoma

136.20 kg per standard tow or 4.02 g/m2 (Fig. 5).

with

Leptasbetias polaris acervata had a different distributional pattern

from the other sea stars. This species occurred mainly at those stations

north and northeast of St. Lawrence Island (Fig. 6). However, station

C-32, another station located off Nome, had the highest biomass with

322.03 kg per standard tow or 6.79 g/m2 (Fig. 6).

The basket star, Gorgonoeephalus caryi, was more restricted in its

distribution, i.e., most stations of occurrence”were in outer Norton Sound

(Fig. 7). Station C-1, off Cape Prince of Wales near Bering Strait, had
.

the highest biomass: 671.65 kg per standard tow or 14.88 g/mz (Fig. 7).

Over 2000 basket stars were obtained at this station.

Another echinoderm, Strongglocentro-tu.s  droebachiensis,  also contri-

buted significantly to the overall biomass. High biomass stations were

mainly in inner Norton Sound; however, station C-32 had the highest bio-

mass: 224.42 kg per standard tow or 4.73 g/-m2 (Fig. 8).

Crabs dominated the arthopod  biomass with 86.3% of the weight of the.

phylum, but they only comprised 8.25X of the total invertebrate biomass
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(see App. Table III for data base).

eamtzchatica, occurred in less than

The distribution of this large crab

The red king crab, Paralithodes

half of the Norton Sound area stations.

(average weight of 801 g) was confined

to the inner and mid portions of the.Sound. The station with the highest

biomass was D-9: 89.66 kg per standard tow or 2.14 g/m2 (Fig. 9). However,

only 34 king crabs were caught here.

Other crabs which also contributed considerably to the crustacean bio-

mass were the spider crab, Hyas coaretutus alutaceus,  the hermit crabs,

Pagurus trigonoeheirus and P. capilbtus, and the crab of the family

Atelecyclidae, Tehnessus eheiragonus. The distribution and biomass of these

species are shown in Figures 10-13 respectively.

The snow crab, C’A.ionoeeetes opilio, contributed little to the overall

crustacean biomass (Fig. 14).

Shrimps contributed less than 10% of the arthropod biomass and less

than 1% of the total invertebrate biomass (See App. Table III for data

base) . The crangonid, Argis 2ar, was the dominent shrimp and was widely

distributed (Fig. 15).

The most common mollusc was the gas~ropod, Jeptunea h.eros. This

gastropod was widely dispersed throughout the Norton Sound area, and the

station with the highest biomass was D-14 with 142.13 kg per standard

tow or 1.10 g/m2 (Fig. 16). Distribution and biomass maps for other common

gastropod, Beringius  beringi and Neptunea ventricosa, and the pelecypod,

Serripes groenZundicus, are shown in Figures 17-19 respectively.

Distribution, Abundance and Biomass - Chukchi Sea - Kotzebue Sound area

The preliminary trawl survey of the Chukchi  Sea - Kotzebue Sound area

permitted the successful occupation of 70 stations. The total epifaunal
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2
invertebrate biomass was 9617.24 kg or 3.31 g/m in a total fishing distance

of 224.07 km. Invertebrates from this area included 11 phyla and 171 species

(Table VI). The occurrence of each species from the Chukchi Sea - Kotzebue

Sound area is found in Appendix Table IV. Two phyla present in the Norton

Sound area, Priapulida and Brachiopoda, were absent from the Chukchi  Sea -

Kotzebue Sound samples. Molluscs dominated in species representation with

70, and arthropod crustaceans and echinoderms followed with 36 and 24 species

respectively (Table VII). Echinoderms made up the bulk of the invertebrate

biomass with 59.9%; molluscs and arthropod crustaceans contributed 12.8%

and 12.5% of the biomass, respectively (Table III).

The most common group present was the sea star family Asteridae (Phylum

Echinodermata)  (Table IV; See App. Table V for percentage composition of all

phyla by family). The main species represented, in order of decreasing

biomass, were Asterias amurensis, Leptastetias polaris aee~vata, Le-tk.asfietias

nanimensis  and Evasterias ech.inosoma  (Table VIII; See App. Table VI for per-

centage composition of all phyla species). Other echinoderms of considerable

importance were Stmngyloeentrotus droebaehiens;s  and G?mgonocephalus  earyi.

The most common species, Aster~as amurensis,  occurred mainly in

Kotzebue  Sound with station B-4 the station of highest biomass: 270.13 kg

or 5.98 g/m2 in a standard tow (Fig. 3)

Leptusterias polaris acervata occurred in most of the Chukchi Sea -

Kotzebue  Sound sampling area. High biomasses occurred in the western end

of the station grid, especially at station A-16 where 202.48 kg or 7.47 g/mZ

were obtained in a standard tow (Fig. 6)

Lethasterius nanimt?nsis and Evaste~&s echirwsoma had similar distri-

bution and biomass patterns. Most occurrences were in Kotzebue Sound and

station A-14 had the highest biomass of both species, i.e. , 99.66 kg or
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TABLE VI

Species taken by trawl from the Chukchi  Sea - Kotzebue Sound area
onboard the NOAA Ship Miller Freeman,

2 September-13 October, 1976

Phylum Porifera
Class Demospongia

Family Microcionidae
Microciona sp.
Miczveiona lambei Burton

Family Axinellidae
Phakellia sp.

Family Halichondriidae
Haliehondria SP.

Phylum Cnidaria
Class Hydrozoa

Family Sertulariidae
Abietinaria  sp.

Class Scyphozoa
Unidentified species

Class Anthozoa
Family Nephtheidae

Eunephthya zwbiformis (Pallas)

Family Actinostolidae
Stomph.ia  sp.
Stomphia coceinea (O. F. Mtiller)

Family Actiniidae
Tealia crass;cornis  (O. F. Mtiller)

Phylum Rhynchocoela
Unidentified species

Phylum Annelida
Class Polychaeta

Family Polynoidae
Eunoe depressa (Moore)
Gattyana ciliatu Moore

Family Nereidae
lVePe<s sp.

Family Nephtyidae
Nepht~js  s p .

Family Flabelligeridae
Brackz inhabilis (Rathke)
Brada oehotensis Annenkova
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TABLE VI (Cent’d)

Family Sternaspidae
Sternuspis scutata (Ranzani)

Family Sabellariidae
Id&thyPsus armatus Kinberg

Family PecLinariidae
Cistenides  hyperboreu (Malmgren)

Family Ampharetidae
Amphit~ite cirrata 0. F. Miiller

Family Sabellidae
Chone cincta Zachs
PotamiZZa sp.

Family Serpulidae
Unidentified species

Phylum Mollusca
Class Polyplacophora

Family Ischnochitionidae
Isc%nochition albus (Linn6)

Class Pelecypoda
Family Nuculidae

l?ueu~a tenuis Montagu

Family Nuculanidae
Nuculana fossa Baird
Yoldia hype~borea  (Loven)

Family Mytilidae
Myti2us edulis Linnaeus
lluseu~us  niger (Gray)
Museulus discors (Linn6)
Modio2us modiolus (Linnaeus)

Family Pectinidae
ChZamys Pubida (Hinds)
G%Zamys islandica  (Miiller)
c%Zmnys beringiana  (Middendorff)

Family Astartidae
Astarte bo~eaZis (Schumacher)
Askarte montagui (Dillwyn)

Family. Carditidae
CyeZocardia SP.
Cyelocardia  v.mtr$cosa (Gould)
CyeZoeardia  erebricostata  (Krause)
Cyelocardia  crassidens  (Broderip and Sowerby)
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TABLE VI (Cent’d)

Family Cardiidae
Clinocapdium ciliatwn (Fabricius)
Clinocardium  n.uttallii (Conrad)
CZinocardium califorwiense  Deshayes
Serripes groenlandicus  (Brugui~re)

Family Veneridae
Lioeyma fhctosa (Gould)

Family Mactridae
Spisu2a polynyma (Stimpson)

Family Tellinidae
Maeoma sp.
Maeoma ealcarea (Gmelin)
Macoma b~ota Dan

Family Myidae
Mya ~aponica Jay

Family Hiatellidae
H~ate2~a arctiea (Linn6)
Panomya arctica (Lamarck)

Class Gastropoda
Family Trochidae

Margaritas giganteus (Leche)
Solariella obscu.ra (Couthouy)
SolaPielh varieosa (Mighels and Adams)

Family Turritellidae
Tachzjrhynchus  reticulates (Mighels  and Adams)

Family Calytraeidae
C~epidu2a  grandis (Middendorff)

Family Trichotropididae
!@ichotropis  biearinata  iSowerby-.

Family Naticidae
Natiea elausa Broderip and Sowerby
Natica zwssa Gould
Polinices  pallih Broderip and Sowerby

Family Velutinidae
Piliscus  eormnondum (Middendorff)
Velutina sp.
VelZ4tinU plicatilis (Miiller)
Ve~utina undata (Brown)

Family Muricidae
Boreotrophon  clathrus (Linn6)
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TABLE VI (Cent’d)

Family Buccinidae
Bueciruun angulosum  Gray
Buecinwn scalariforme MGller
Bucc4num glaeiale Linnaeus
Bueeinum soi?enum Dan
Buccinum pobre Gray
Buccinum tenellum  Dan

Family Neptunidae
Ancistrolepis SP.
Aneist~olepis  magna Dan
Beringius  crebricostatus  (Dan)
Beringius beringi Middendorff
Colus Sp.
COZUS spi-kzbergensis (Reeve)
COZUS hgpoZispus (Dan)
Mo?znia eorbis (Dan)
Neptunea Zyrata (Gmelin)
Neptunea ven-t~icosa (Gmelin)
Neptunea borealis (Philippi)
Neptunea  ?-zeros (Gray)
Pl~cifusus  brunneus (Dan)
Pyrulofusus  deformis (Reeve)
Volutops{us Sp.
Volutopsius  fragilis (Dan)

Family Cancellariidae
Adhete couthouyi (Jay)

Family Dorididae
Unidentified species

Family Dendronotidae
Dend.ronotus  sp.

Family Tritonidae
Toehina tetraquetra (Pallas)

Class Cephalopoda
Family Octopodidae

Unidentified species

Phylum Arthropoda
Class Crustacea
Order Thoracica

Family Balanidae
Balanus sp.
Balanus balanus (Linn6)
Balanus rostratus Pilsbry

Order Mysidacea
Unidentified species
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TABLE VI (Cent’d)

Order Cumacea
Unidentified species

Order Isopoda
Family Idoteidae

Saduria entomon (Linnaeus)

Order Amphipoda
Family Eusiridae

Rhachotropis  SP.

Family Gammaridae
Me2ita sp.
Melita dentata Kr5yer

Family Lysianassidae
AnQnyx Sp.

Family Stegocephalidae
Stegocephalopsis ampulla (Phippsl
Stegocephulus infkztus Kr6yer

Order Decapoda
Family Pandalidae

Pancilzlus .5P.
PancizZus goniurus Stimpson

Family Hippolytidae
Spirontoearis SP.
Spirontocaris  murdochi Rathbun
Spirontoca~is  areuata Rathbun
Lebbeus groenhndicz (Fabricius)
EUUZUS gaimczrdii beleheti (Bell)
Heptac?arpus  sp.

Family Crangonidae
Cnzngon &zlli Rathbun
scle~ocrangon boreas (phipps)
Argis Zar (Owen)
Argis crassa (Rathbun)

Family Paguridae
Paguxus capi12atus (Benedict)
Pagurus trigonocheirus  (Stimpson)
Pagurua rathbuni (Benedict)
Labidochirus spZendescens  (Owen)

Family Lithodidae
Hapalogaster grebnitzkii Schalfeew
ParaZithOdes  camtschatica  (Tilesius)
Paralithodes  platypus Brandt
Para2ithodes brevipes (Milne-Edwards and Lucas)

Family Majidae
Hyas sp.
Hyas coarctatus alutucwus Brandt
CMonoecetes opil{o (Fabricius)
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TABLE VI (Cent’d)

Family Atelecyclidae
TeZmessus chei~agonus  (Tilesius)

Phylum Sipunculida
Family Golfingiidae

Golfing~a ma~gatitaeea (M. Sars)

Phylum Echiurida
Class Echiuroidea

Family Echiurdae
Echiurus eehiurus alaskensis Pallas

Phylum Ectoprocta
Class Cheilostomata

Family Flustridae
Flust~a SP.

Family Bicellariellidae
Dendrobeania  sp.

Class Cyclostomata
Family Diastoporidae

Diaperoeeia sp.

Family Heteroporidae
lleteropo~a sp.

Class Ctenostomata
Family Alcyonidiidae

AZeyonidium  sp.
Alcyonidiwn  diseiforme Smitt
Alcyonidium vermicuZure Okaiia

Phylum Echinodermata
Class Asteroidea

Family Echinasteridae
Henricia SP.
Henrieia de~iugini (Djakonov)

Family Pterasteridae
pterwster obscura (Perrier)

Family Solasteridae
Crossaster papposus (Linn6)
Solaste~ SP.
Solaster endeca (Linn6)

Family Asteridae
Asterias sp.
Asterias Umu.Pensis Lctlcen
Asterias rathbuni (Verrill)
Evasterias echinosoma Fisher
Leptasterias S P.
Leptasterias  polar-is acezvatu Stimpson
Lethasterias SP.
Lethaste~4as nanimcnsis (Verrill)
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TABLE VI

Class Echinoidea
Family Echinarachniidae

Echinarachnius  parma

(Cent’d)

Lamarck

Family Strongylocentrotidae
Strongylocen-trotus droebachiensis (O. F. Miiller)

Class Ophiuroidea
Family Amphiuridae

Diamphiodia cra-terodneta

Family Gorgonocephalidae
Gorgonoeepha2us  caryi (Lyman)

Family Ophiactidae
Ophiophalis  aculeata (Linn6)

Family Ophiuridae
Ophiura sarsi Liitken
Stegophiura nodosa Liitken

Class Holothuroidea
Family Cucumariidae

Cucwnaria spa

Cuewnaria  ealeigera  (Stimpson)

Family Psolidae
Psolus japonicus Oestergren

Phylum Chordata
Subphylum Urochordata

Class Ascidiacea
Family Rhodosomatidae

Chelyosoma sp.
Che@osoma orientale Redikorzev

Family Styelidae
StyeZa macrenteron  Ritt@r
Pelonaia corrugata Forbes and Goods

Family Pyuridae
Boltenia ovifera (Linn6)
Boltenia echhata Linn6
Halocynthia aurantiwn (PaHas)

Class Thaliacea
Family Salpidea

Unidentified species
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TABLE VII

Number and percent of epifaunal invertebrate species
by phylum and class from the Chukchi Sea

No. of -
% of

Phylum Class Species Species—-

Porifera Demospongia 4 2.34

Cnidaria Hydrozoa 1 0.58
Scyphozoa 1 0.58
Anthozoa 4 2.34—.

Totals 6 3.50

Rhynchocoela

Annelida

Mollusca

Arthropods

Sipunculida

Echiurida

Ectoprocta

Echinodermata

Chordata

Unidentified 1 0.58

Polychaeta 13 7.60

Polyplacophora 1 0.58
Pelecypoda 28 16.37
Gastropod 40 23.39
Cephalopod 1 0.58

Totals m 40.92

Crustacea 36 21.05

1 0.58

Echiuroidea 1 0.58

Cheilostomata 2 1.17
Cyclostomata 2 1.17
Ctenostomata ~ 1.75

Totals 7 4.09

Asteroidea 14 8.19
Echinoidea 2 1.17
Ophiuroidea 5 2.92
Holothuroidea

Totals
1.75

14.03

Ascidiacea 7 4.09
Thaliacea 1 0.58

Totals 3 m“
—.

Grand Totals 171 100.00
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TABLE VIII

Percentage composition by weight and the feeding methodsl of the leading
invertebrate species collected in the Chukctii Sea - Kotzebue Sound area

% wt. of Feedingz Avg. wt. per z wt. of % wt. of
Phylum all phyla Leading Species Method Individual phvlum all phvla

Echinodermata 59.93 A.sterias  amu.rensis P 202 g 35.54 21*21
Leptasterias polaris acervat’a P 96 g 20.90 12.47
Strongylocentrotus  droebaehiensis H-S-P 70 g 10.69 6.38
Lethaste~ias  nanimensis P 299 g 9.67 5.77
Evasterias eehinosoma P 656 E 6.39 3.81
Gorgonocephu.lus caryi SUS-P 258 g 5.76 3.44

Totals 88.95 53.08

Mollusca

Arthropoda
(Crustacea)

Total

12.79 Neptunea  heros P-s 101 g 79.98 10.19
Neptuneu ventricosa P-s 71 g 10.80 1.38
Beringius beringi P-s 85 g 2.35 0.30

Totals 93.13 11.87

12.52 Chionoeeetes  opilio P-s 27 g 43.76 5.46
Pagurus trigonoeheirus p_s ? 17 g 15.77 1.97
Hyas eoaretatus alutaeeus p-s ? 25 g 12.87 1.61
Telmessus eheiragonus p_s ? 133 g 7.43 0.93
Pagurus capillatus P–s ? 12 g 7.24 0.90
Argis lap s ? 7g 4.34 0.54

85.24 Totals 91.41 11.41

1Based on Hatanaka and Kosaka, 1958; Reese, 1966; Pearce and Thorson, 1967; Feder et az., 1977b; and
pers. observation. Feeding methods for related species are included when no direct data are available
for species included above.

2
Feeding methods: P = predator; P-S = predator-scavenger; S = scavenger;

Sus = suspension feeder; SUS-P = suspension feeder-predator;
H-S-P = herbivsre-scavenger–predator.



2.45 g/m2 for L. nunimensis  and 122.91 kg or 3.03 g/m2 for E. echinosoma

(Figs. 4 and 5).

The sea urchin, Strongyloeentrotus droebachiensis,

marily in Kotzebue Sound. However, the highest biomass

of the northern-most stations, A-2. In a standard tow,

g/m2 was obtained at this location (Fig. 8).

was also found pri-

was recorded in one

261.96 kg or 6.45

The only other echinoderm that contributed significantly to the over-

all invertebrate biomass was the basket star, Gorgonocephalus  cary{. The

stations of high biomass of this species occurred in the northern region,

specifically, station A-14 where 105.20 kg or 2.59 g/m2 were obtained in a

single tow (Fig. 7).

Of the 70 species of molluscs  collected, the gastropod fleptiu.nea  heros

dominated. This species represented 80.0% of the mollusc biomass, but only

10.2% of the total invertebrate biomass (Table VIII). Neptunea heros

occurred at the eastern and western stations of the Chukchi Sea - Kotzebue

Sound grid. The highest biomass occurred at station A-37 with 360.08 kg

or 11.40 g/m2 iri a standard tow (Fig. 16) .

The distribution and biomass of Beringiu~  beringi and Neptunea ventiti-

cosa, two other leading gastropod, are shown in Figures 17 and 18, respec-

tively.

The King crab, ParaZithodes  cann%ehutica, the most important arthropod

in the Norton Sound area, was only found at four stations in the Chukchi

Sea - Kotzebue Sound area (Fig. 9). The snow crab, Ch;onoecetes opilio,

replaced P. eamtsehatica in the latter

(App. Table IV) and contributing 43.8%

the invertebrate weight (Table VIII).

area, occurring in 96% of the stations

of the crustacean weight or 5.5% of

Station B-13 had the highest biomass

of this crab with 106.69 kg or 4.29 g/m2 in a standard tow (Fig. 14). The
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crabs Pagurus trigonocheirus, paguxus capillatus~ Hyas coa~etatus

alutaceus, and Tei!messus cheipagonus, and the shrimp Argis lar were also

important crustaceans in this area as well as in the Norton Sound area.

The distribution and biomass of these crustacean species are found in

Figures 10-13 and 15.

Diversity

The number of species for each station was tabulated, and three general

categories of species diversity were arbitrarily established: High (~40 species),

intermediate (21-39 species), and low (520 species) (Table IX: Fig. 20).

Most of the low diversity stations in the Norton Sound area were located

in the eastern portion of Norton Sound and the stations off the Yukon River.

Most of the high diversity stations were located between Nome and St.

Lawrence Island. Intermediate diversities were recorded at all of the

other stations (Fig. 20).

Only two high diversity stations, stations A-3 and A-14, were noted

in the Chukchi Sea - Kotzebue Sound area (Fig. 20). Low diversity stations

were located mainly northeast of the Bering Strait.

Feeding Observations

Sea stars

A preponderance of invertebrates collected were predators andlor

scavengers, and the leading species (listed in Tables V and VIII) that were

in these categories made up nearly 90% of the total invertebrate biomass.

Only two feeding Astcrias amurensis were taken; one was eating the sea urchin,

StrongDZoccntrotus  droebachiensis, and the other was eating the sand dollar,
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TABLE IX

Trawl stations from the Horton Sound, Chukchi Sea - l<otzebue Sound
areas, and number of species obtained at each station

Norton Sound area stations

No. of
Stat ion Species

c-1

c-5
C-6
c-7
C-8
c-9
C-12
C-16
C-19
c-22
C-23
C-26
C-28
c-30
c-31
C-32
c-33
C-38
c-39
C-40
C-41
C-42
c-43
c-47
c-48
C-49
C-50
C-51
C-52
c-54
c-55
C-56
c-57
C-58
C-60

35
26
17
20
35
31
21
33
22
37
50
36
24
41
40
43
32
41
33
19
28
34
29
25
25
24
37
27
30
22
23
26
27
30
30

No. of
Station Species

c-61
C-62
C-63
c-64
C-65
9-2
D-3
D-4
D-5
D-6
D - 7
D-9
?)-11
D-12
D-13
D-14
D-17
D-18
D-19
D-20
D-25
0-27
9-28
D-29
D-30
D-31
D-32
D-34
D-35
D-39
D-40
D-41
D-42
9-44
D-45

33
30
11
16
42
24
26
22
16
16
23
35
16
22
29
43
16
21
21
23
18
29
34
32
30
26
30
28
17
26
32
34
35
7

15

No. of
Station Species

D-46
9-48
?)-49
11-50
3-51
D-52
D-54 ‘
D-55
D-56
D-58
D-59
1)-60
D-61
D-62
D-63
D-65
D-66
D-6 7
D-68
D-69
D-70
D-75
D-76
!)-77
D-78
D-79
1)-80
D-81
D-83
D-84
D-85
D-86
D-87.
D-88
D-89
I-)-90

16
23
23
16
15
25
22
27
36
26
20
19
24
24
25
11
6
7

19
25
28
14
26
22
9

17
5
7

21
16
8

19
24
10
21
22
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TABLE IX (Cent’d)

Chukchi Sea - Kotzebue Sound area station

No. of No. of No. of
Station Species Station Species Station Species

A-1
A-2
A-3
A-5
A-10
A-n
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-24
A-25
A-26
A-27
A-28
A-30
A-31

32
39
54
21
35
21
31
41
28
29
23
34
26
37
35
29
27
16
26
24
28
17
12

A-32
A-33
A-34
A-36
A-37
A-39
A-40
A-42
A-43
A-44
A-45
A-46
A-48
A-49
A-50
.4-53
A-54
A-55
A-56
A-57
A-58
B-1
B-3

27
35
29
24
17
12
28
18
15
33
15
9

18
25
16
22
33
6

24
21
17
29
22

B-4
B-5
B-6
R-7
B-8
B-9
B-10
B-11
B-12
B-13
B-14
B-15
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24
B-26
B-27
B-28
B-29

24
30
33
29
26
31
33
22
23
20
25
23
18
25
29
31
34
33
25
38
27
29
24
2 3
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Echinuzwchnius  parma. More extensive feeding observations were made on

the other common sea-star species: .Leptasterias polaris acervata, .Evastierias

echinosoma, and Lethasterias  nunimensis (Table X). In the Norton Sound area,

30 L. polaris aeervata were observed feeding at 18 stations. The species

most frequently consumed were Eehinarachnius parma and Balanus SPP.- At least

30 L. polaris

feeding at 17

orientale and

acervatu in the Chukchi Sea - Kotzebue  Sound area were found

stations. Main prey items were

Boltenia echinata),  a gastropod

two ascidians, (CheZgosoma

(Natiea clausa), a polychaete

(Cistenides  sp.), and a clam (Macoma ealcarea). In both study areas, Evastetias

eehinosoma and Lethasterias ruznimensis were feeding primarily on clams, specifi-

cally, the Greenland cockle, Serripes g~oenlandicus.

Starry flounder (Platichthys steZZa$us)

Combined study areas - During the sampling period, 307 starry flounder

digestive tracts were examined from 22 stations (Fig. 2; Table XI). Stomach

contents included representatives of 10 phyla, 1“2 classes, 39 families, 42

genera, and 48 species (Table XII). The number of fish examined in Norton

Sound, Port Clarence, and southeastern Chukchi Sea was 142, 134, and 31

individuals, respectively (Table XI). One lunidred thirty-one (131) fish

were examined using the frequency of occurrence of prey method. Most fish

in the Chukchi Sea and all fish in Port Clarence were examined using a

quantitative method of analysis (See Methods; Table XI). The mean length

and weight of the 176 fish examined quantitatively were 341 k 54 mm and

614 t 405 g respectively. The frequency of occurrence method delineated 21

different food organisms (Table XIII); an additional 28 food organisms were
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TABLE X

l?ood of the sea scars Lepta.sterias  polar% aeervata, Evaste~ias echinosoma and Lethasterias nan;rnensis
as determined in the present study

Leptaste~ias Evasterias Lethasterias
pola>is aeervata eehinosonn nanimensis

Prey Chukchi Sea Norton Sound Chukchi Sea Norton Sou~ Chukchi Sea Norton Sound

Polychaeta
Cistenides  SP.
Nuculana  fossa
MUSCU2US niger
Astarte borealis
Cyclocardia ventrieosa
Cgclocardia crebricostata
Clinoca~diwn ciliatum
Clinocardiwn califomiense
Serripes groenZundicus
Macoma sp.
!4aeoma calcarea
[.~;)q trunc ata
Margatites SP.
Natica sp.
Natica clausa
Boreot~ophon eZuthratus
Buccinium sp.
Gastropod fragments
Balanus spp.
Amphipoda
Ewzus Sp.
fi~as coa~ctatus  alutaceus
Ectoprocta
Echinarachnius puma
Chelyosoma orientale
BoZtenia echinata

TOTALS

2:2
4:71
1:1

1:1
1:1 3:3
1:1
1:1 2:2

1:1 1’:1
1:1

2:2 3:12 3:3 3:5 2:6
1:1

2:4
1:1

1:1
1:1
2:9 .1:1
1:2
1:1

2:2
3:6
1:1
1:1
1:1
1:1
2:11 1:1 1:2

l:many~
1: many

17:30+ 18:30 9:18 5:5 4:6 5:10

1
Number of stations where predatoru  were feeding on prey:Number of predators feeding on prey

2Many observations noted; no tally available.



A summarization of station data for the three
flounders examined, the number and percent

analysis used for examining these

sampling .Ireas. The number of starry
of fish feeding, and the method of
fish in the study areas ‘ .

Method of Analysis
Freq . of Occur. @antitative

Sampling Depth Number Numb er Number Number %

area Station m Latitude Longitide Examined Feeding Examined Feeding Feedin;

Norton D-09 23.0 64°18’ 165°21’ 17 15 10 9 89

Sound D-20 24.0 64°11’ 166°09’ 12 12 100

D-49 22.7 63°51’ 166°04’ 10 9 9 0

D-48 29.0 63°51’ 165°40’ 6 6 100

D-63 26.3 63°40’ 165°46’ 10 9 90

D-76 27.3 63°29’ 166°01’ 4 0 0

D-86 25.4 63”19’ 165°45’ 4 4 100

D-54 20.0 63°51’ 163°52’ 8 7 88

D-68 16.3 63°40’ 163°53’ 9 9 100

D-72 19.0 63°46’ 162°15’ 4 4 100

D-25 22.0 64°10’ 164°14’ 4 4 100

C-58 27.0 63°28’ 166°28’ 3 2 67

~-62 26.0 63°15’ 166°29’ 2 l ’ - 5 0
D414 22.0 64°20’ 163°33’ 9 8 89

D-40 20.0 63°58’ 163°50’ 18 16 89

c-61 26.0 63°14’ 167°05’ 6 6 6 6 100

TOTAL S 16 126 112 16 15 8 9

Port C-63 14.5 65°18’ 167°11’ 6 6 100

Clarence c-64 15.0 65°16’ 166°36’ 128 121 95 ‘
. .. —-----
TOTALS 2 134 127 9 5

,.

Chukchi A-48 35.0 66°15’ 167°59’ 5 4 8 0

Sea A-52 38.2 66”02’ 168°02’ 10 10 100

A-55 16.3 65°50’ 167°46’ . 12 9 75

A-53 20.0 65°59’ 167°22’ 4 3 75

TOTALS 4 5 4 26 22 84

GRAND
TOTALS 22 131 116 176 164 91



TABLE XII

A list of food items from the stomachs of 280 feeding
Platichthys  stellatus collected in Norton Sound, Port Clarence, and

southeastern Chukchi Sea, 2 September - 13 October, 1976

Phylum Cnidaria
Class Hydrozoa

Unidentified species

Phylum Rhvnchocoela
Unidentified species

Phylum Annelida
Class Polychaete

Family Nephtyidae
Uephtys sp.
?Iephtys ~iekettsi

Family Goniadidae
Glgeinde  armigera

Family Lumbrineridae
Lumbrineris sp.

Family Sternaspidae
Stemwzspis  seutata

Family Arenicolidae
ArwzicoZa gheialis

Family Pectinaridae
Cistenides  hyperborea

Family Ampharetidae
Lysippe Zabiata

Family Polynoidae
Unidentified species

Phylum Mollusca
Class Pelecypoda
Family Nuculanidae

Yoldia SP.
YoZdia hyperborea
Yoldia seminudu

Family Mytilidae
Musculus  nige~
Museulus corrugates

Family Cardicidae
CgeZoca~dia  ventricosa

Family Cardiidae
Clinocardium  ciliatwn
Serripes groenlandicus

Family Myidae
Mya sp.

Family Lyonsiidae
Lyonsia norvegica
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TABLE XII (Cent’d)

Class Gastropoda
Family Naticidae

Poliniees pallida
Family Cancellaridae

Admete sp.
Family Scaphandridae

C’yliehna  oeeulta
Family Turridae
Omopota sp.

Phylum Arthropoda
Class Crustacea
Order Thoracia
Family Balanidae
Order Cumacea
Family Leuconidae

Leucon sp.
Family Diastylidae

DiastyZis  sp.
Diastylis  suleata

Order Isopoda
Family Idoteidae

Saduxia entomon
Synidotea  noduloza

Order Amphipoda
Family Gammaridae
Family Haustoriidae

Pontoporeia  fano~ata
Order llecapoda
Family Hippolytidae

Unidentified species
Family Crangonidae

C~angon sp.
Crangon c12Zi
Argis lap

Family Paguridae
Labidochirus  splendesc~ns

Family Majidae
Chionoecetes  opilio

Phylum Priapulida
Priapulus eaudatus

Phylum Echiuroidea
Class Echiurida
Family Echiuridae

Echiurus eehiurus alaskensis
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TABLE XII (Cent’d)

Phylum Echinodermata
Class Echinoidea
Family Echinarachniidae

Echinurachnius  parma
Class  Ophiuroidea

Family Ophiuridae
Stegophiura nodosa

Family Amphiuridae
Diamphiodia  eraierodneta

Phylum Urochordata
Class Ascidiacea
Family Styelidae
Pebnaia corrugata

Phylum Chordata - Superclass Pisces
Class Osteichthyes
Order Gadiformes
Family Gadidae

Eleginus graeilis
Order Scorpaeniformes
Family Cottidae

?!yoxoc?@phazus  Sp.
Order Perciformes
Family Stichaeidae

.LUmpenus  fabricii
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TABLE XTII

Frequency and percent frequency of occurrence of food items in stomachs of
126 P2a’tic?zt@s  stellatus  collecte(  in 16 Norton Sound Stations

2 September - 13 October, 1976

Food Items Number Percent

Coelenterata
Hydrozoa 1 0.7

Annelida
Polychaeta
Polynoidae

3 2.3
1 0.7

Pectinariidae
Cistenides  hyperborea 1 0.7

Mollusca
Pelecypoda

Nuculanidae
YoZdia hyperborea

Mytilidae
)4USCUZUS

Cardiidae
Serripes

Myidae
Mya sp.

Gastropod
Turridae

Oenopota

Arthropoda
Crustacea

Balanidae
Idoteidae

niger

groenhndieus

Sp .

Saduria entomon
Synidotea  nebulosa

Crangonidae
Argis Zap

Paguridae
Labidochirus splendescens

Echiurida
lZchiurdea

Echiuridae
Eehiurus eehiurus alaskensis

Priapulida
PriapuZus  caudatus

46

18

29

1

1

1. .

1
1

1

1

6

6

35.9

14.0

22.6

0.7

0.7

0 . 7

0 . 7
0 . 7

0 . 7

0 . 7

4.6

4.6
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TABLE X111 (Cent’d)

Food Items Number Percent

Echinodermata
Echinoidea

Echinarchniidae
Echinarachnius  parwa

Ophiuroidea
Ophiuridae

Stegophiura  nodosa
Amphiuridae

Diamphiodia  e~ate~odneta

Chordata
Osteichthyes

Stichaeidae
Lumpenus  fabr<eii

Unidentified fish

Empty Stomachs

6

7

33

3
7

14

4-.6

5.4

25.7

2.3
5.4

10.9
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determined in the laboratory from quantitative samples (Table XIV).

Leading species identified by the frequency of occurrence method were

a protobranch clam (Yold{a hgperborea), a brittle star (Diarnphiodia

erateroheta) and the Greenland cockle (Serripes g~oenbzdicus). In order

of decreasing relative importance, the major prey items from the quantita-

tive samples were Diamphiodia  c~aterodmetu, Yoldia h.yperborea,  a tube-

dwelling polychaete (CSsten~des  hgperbopea), a sand dollar (Eehinurachnius

parrna), a proboscis worm (Echiurus eckhxus alaskensis),  and a priapulid

worm (PriapuZus  caudatus)  (see Table XIV; Fig. 21; App. Table VII). A food

web for Norton Sound - Port Clarence - Chukchi Sea starry flounders is pre-

senbed in Figure 22, and is based on unpublished notes and data contained

in Appendix Table VII.

Feeding differences (based on the index of relative importance: IRI)

between sexes were examined in fish analyzed by the quantitative method.

The number of males and females examined was 106 and 70, respectively; the

number of empty stomachs was 7 and 5, respectively. No significant dif-

ferences (a=O.05) in feeding between sexes was apparent (see App. Tables VIII

and IX).

Feeding differences (based on IRI) between each of the three sampling

areas were found to be significantly different (a=0.05)  (Fig. 23). The

heterogeneity of major food organisms between sampling areas is shown in

Figures 23-26.

Among the 106 males and 70 females examined, 58.5% and 74.3% respec-

tively were found to be sinistrial (eyes on the left side). For the

total 176 fish, 64.7% were sinistral.

Norton Soumi - The most frequently consumed organisms in 126 Norton-—

Sound starry flounders, in order of decreasing percent frequency of oc-
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TABLE XIV

Frequency of occurrence, number, volume and index of relative importance of foo,l items frnm starry flounders
of Norton Sound, Port Clarence, and the southeastern Cll,ikchi Sea, 2 September–13 October, 1976. Food items with
corresponding percentage represent the level at which ident~ fications  were made. SE = number of stomach examined.

NORTON SOONB SE=16- — —  —— PORT CLARENCE SK=l 34
Index of -

—.. —-- CHL’KCHI S E A  SE=26
Index of Index of

Percent relative Percent relative percent——— .————-— relative
Frequency Numb er Volume importance

———
Frequency Number Volum~’ importance

Food Items
Trcqllencv Sumber  L’olume importance

F N v _ F(N+V) F.— N v F(N+V) F !4 1’—.- F(S+V)—————

RhynchocOela

Annelida
Polychaeta

I.’e; htys sp.
iiephzys rickettii
Gl@nde amigem
Lu’+minez%? sp.
Sterm@s scutata
Aremhola glaciulis
Cistenides hyperborea
Lgsippe Zabiata

Mollusca
Pelecypoda

ZGZ#lil sp.
Ioldig  hyperborea
YoldiI seminuda
l.?dsmlus  niger
1..2GZU1U.S  Corrugates

6.25

6.25
-.
--
--
--
--
--

6.25
.-

.-
--

37.50
--
--
--

Cyclocardia ve;trioosa 6.25
Clinocmdiwn  ciliatum - -
.5err+pes  grwsnlandicua  12.50
!,fjfl Sp.
L~~?:sia ncwvegica

Gastropod
Naticidae

PoZi~izes palliok
A&ete sp.
C’yZichna occults

Arthropods
Crustacea

Cur.cea
: . ..s/. n Sp.
; :T:st;,lis sp.
L<lzt;jlis sulcati

Isopr)da
zj.i:ir&tea nodulo.pa

Amphipoda
(kimrmridae

;;.: toporeic  femoratu

--
--

--
--
--
--

--

--
--
--

12.50
12.50

- -
- -

0.10

0.10
--
--
--
--
--
--

0.10

--
--

1.86
--
--
--

0.10
--

0.20
--
--

--
--
--
--

--

--
--
--

0.88
0.20
--
--

1.58

0.06

--
--
--
--
--

0.03
--

--
4.5:
--
--
--

0.03
--

0.19
--
--

--
--
--
--

--

--
--
--

0.35
0.06
--
--

10.50

1.00
--
--
--
--
--
--

0.81
--

--
--

239.25
--
--
--

0.81
-.

4.87
--
--

--
--
--
--

--

—-
--
--

15.37
3.25
--
--

--

11.19
0.75
0.75
0.75
0.75
!6.87
--

!0.90
0.75

2.99
0.75

81:34
0.75
7.46
0.75
--

2.99
8.96
8.96
2.24

0.75
0.75
1.49
0.75

0.75

0.75
6.72
0.75

26.87
5.97
0.75
1.49

--

0.66
0.01
0.01
0.01
0.01
1.19
--

4.50
0.08

0.05
0.04

10.92
0.05
0.14
0.01
--

0.07
0.14
0.14
0.04

0.01
0.01
0.G2
0.01

0.01

0.02
0.32
0.06

0.73
0.24
0.01
0.04

--

0.73
0.08
0.02
Q.Q~
0.03
1.00
--

2.96
0.01

0.06
0.25

41.54
0.58
0.57
0.01
--

0.08
0,5s
0.40
O.or,

0.0:$
0.01
QOoz
0.01

0.01

0.01
0.09
0.01

0.41
0.1?
0.01
Q.Q~

--

15.33
0.06
0.02
0.02
0.03
58.84

--
55.91
0.06

0.32
0.21

267.09
0.47
5.29
0.01
--

0.44
6.45
4.83
Q.~~

0.03
0.01
0.05
0.01

0.01

Q.~~
2,75
0.05

30.63
2.14
0.01
0.03

--

--
--
--
--
--
--

3.85
- -
- -

- -
- -
- -
-..
- -
.-
- -
- -
- -
- -
- -

- -
- -
- -
- -

- -

- -
- -
- -

-.
- -
- -
- -

--

--
—-
--
--
--
--

0.94
--
--

--
--
--
--
--
--
--
--
--
--
--

--
--
--
--

--

--
--
--

--
--
--
--

--

--
--
--
--
--
--

4.47
--
--

--
--
--
--
--
--
--
--
--
--
--

--
--
--
--

--

--
--
--

--
--
--
--

--

--
--
--
--
--
--

20.82
- -
- -

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
.-

.-
-.-
- -
- -

- -

..-
- -
- -

- -
..-
- -
- -



TABLE XIV (Continued)

NORTON SOUND SE=16 PORT CLARENCE SE=J34 CIIUKCN1 SEA SE=26
Index of Index of Index of

Percent relative Percent relative Percent relative
‘~tierFrequency Volm importance Frequency Number Volume importance Frequency ~umber  ~’ol~e” importance

Food Items F N v F (N+V) F N v F(N+V) F N v F (S+V)

OecaPoda
Hippolytidae .-

cran~cvz SP. --
Crangon dalli 6.25
Argis kir --
Chiwwecctes  opilio 6.25

Echiuroidwi
Echiurida

Echimus echiurus
a laskensis - -

-- 19.23
0.05 -.
.- --
0.03 ..-
1.94 --

5.66
--
--
--
. ..-

28.30

3.73
--
--
--
--

50.88

--

--

..-
7.83
--

0.11’
--

9.32

0.37
--

23,29

180.56-- -- .-
1.49

--
0.02
--

0.01
0.35

--

0.35

0.06

79.54
0.02
- -

- -
0.05

- -

0.01
0.01
- -

--
0.02
--

0.04
2.24

—

2.81

0.04

38.16
0.02
--

--
0.05

--

6.23
0.71

-.
--
--
--

--
0.10
--

14.30

--

0.29

24.19

57 ● 49

-- --
0.32 2.62 --

0.75
0.75

-.. --
1.58 99.25

-- 46.15 3654.15-- ..-

0.44 4.56
Priapulida

Ptiapuk4a

Echinodermata
Echinoidea

caudatue 6.25 20.90 66.04 -- --

0.7575.47 3114.37 0.07 --E&?inaz?zchnius pa.rnw 31.25
Ophiuroidea

Dim;hiodia
emterocketi i3.75

~t~z~~hi~~ w~sa --
Unidentified OpMuroMa 6.25

Urochordata
Ascidiacea --

Fe lmnia corrugatu - -

--

--
27.36

--

7.55
--

9.43

0.94
---

19.81

--
135.48

--

52.24
0.75
--

6148.64 --
0.03 3.85
.- --

15.35 3186.75
--

0.810.10

--
--

-..

--
--
--

0.03

88.39
--

-- 11.54
0.07 --

--
--

--

--
--

--
0.75

72.18Chordata-Pisces --
Osteichthyes

ile:irtus $wwilis  --
i.>axmeph~~us ap. --
Lwqentw  j“abtici{ --

-- 3.85--

0.75
0.75
--

4.68 3.85
0.54 --
-- 38.46

5.04
--

1657.62

---
--

--
--
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A. Diamphiodia  craterodmeta

B. Echinarachnius  parrna
C .  Yoldia  hyperborea

D. Chionoecetes  opilio

E. Synidotea  nodulosa
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Figure 22. Food web for starry flounders, PZatiehthys  stellatus, from Norton Sound, port
Clarence and Southeastern Chukchi Sea. The thickness of lines in the food web
indicates the relative importance of prey items.
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Figure 23. The relative importance of major food items of starry flounders from Norton
Sound, Port Clarence, and the Southeastern Chukchi  Sea. See Sect. V of the text
for discussion of the Index of Relative Importance (IRS).
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Figure 24. Percent composition by number, volume, and frequency of occurrence of major food
organisms from 16 Norton Sound starry flounders.
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Figure 25. Percent composition by number, volume, and frequency of
items from 134 Port Clarence starry flounders.
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currence, were the protobranch  clam, YoZdia hyperborea  (35.9%), the

brittle star, Diamphiodia eraterodrnetu  (25.7%), the Greenland cockle,

Sexv@es groenZandicus (22.6%], and the mussel, Muscu_&s rriger (14.0%)

(Table XIII).

Fourteen different organisms were identified from 16 starry flounders

examined by the quantitative method of analysis (Table XIV; App. Table X).

In decreasing order of relative importance, the major prey items were D;amplz~o-

dia crateroheta, Echinarachnius  parma, YoZdia kyperborea, the snow crab,

(Ch.ioncwcetes  opilio), and an isopod (Synidotea  nodulosa)  (Table XIV;

Fig. 24).

Port Clarence - Stomach contents of 134 starry flounders were examined

from this area by the quantitative method. Forty (40) food items were

identified, with annelids  and molluscs  leading in species representation

(Table XIV: App. Table XI). The major food items, in decreasing order

relative importance, were Diamphiodia eraterodneta,  Yoldia hyperborea,

Ciskenides hype~bo~ea, Priapulus eaudatus, and an errant polychaete

(Sternuspis scutata) (Table XIV; Fig. 25).

Whole organisms were typically consumed, but the caudal appendage

of the burrowing worm, Priapuhs cauhtus, was occasionally the only

portion of this animal taken.

Southeastern Chukchi Sea - A small sample of 26 starry flounder

was examined by the quantitative method from the southeastern portion

of

of the Chukchi Sea. Major food organisms, in terms of decreasing rela-

tive importance, were Echiurus echims alaskensis, the prickleback
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fish (Lumpenus fabric;i), shrimps of the family Hippolytidae, a brittle

star (Stegophiura  nodosa), and unidentified tunicates  of the class

Ascidiacea  (Table XIV; App. Table XII; Fig. 26).

Typically, only the anterior portion of the worm-like Eehiurus was

consumed. Echiurus burrows in the sediment-with its proboscis at the

surface, and the entire worm is rarely fully exposed (Meglitsch, 1972).

The prickleback fish, Lumpenus fdrieii,  ranged from 85-160 mm in

length, and was always swallowed whole. As many as 18 of these fish

were found in

The five

method showed

a single stomach.

starry flounders examined by the frequency of occurrence

the same organisms to be important.

Reproductive Observations

Reproductive observations were made on five species of shrimps,

eight species of crabs, and two species of sea stars (Table XV). Most

reproductive data were obtained from the Norton Sound area.

Most of the shrimp data are for the shrimp, Argis  Zar. More than

12,000 individuals of this species were examined from 62 stations of the

Norton Sound area, and nearly 5,000 were examined from 24 Chukchi Sea -

Kotzebue Sound stations. In Norton Sound, 17% had blue and green ovaries

visible through the cephalothorax and 24% were carrying aqua or

eggs attached to their pleopods. In the Chukchi Sea - Kotzebue

area, 23% were carrying aqua eggs.

green

Sound

A summarization of the reproductive observations of PandaZus goniurus,

Argis Zur, Crangon daZZi, ScZerocrangon bo~eas, Eualus gaimardii beZeheri,

pagurus trigonocheims, P. capiZZatus, P. ochotensis,  Labidochirus  spz~ndescens,
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TABLE XV

Reproductive observations
epifaunal invertebrates

Norton Sound Area—

Arg<s Zar

No. stations examined - 62
No. shrimps examined - 12,136
% with blue ovary - 3%
% with green ovary - 14%
% with green eggs - 5%
% with aqua eggs - 19%
% with internal eggs - 17%
% with external eggs - 24%

on selected
by area

Chukchi Sea - Kotzebue Sound Area

No. stations examined - 24
No. shrimps examined - 4,786
% with aqua eggs - 23%

Crangon ctr-lli

No. stations examined - 1 3 No observations
No. shrimps examined - 4,630
% with pale green eggs - <.01%
% with white eggs - 9%
% with eggs - 9%

Panchlus  goniurus

No. stations examined - 12
No. shrimps examined - 2,490
% with green eggs - 1%
% with aqua eggs - 17%
% with eggs - 18%

Scleroerangon

No. stations examined - 12
No. shrimps examined - 539
% with tan and green eggs - 6%
% with aqua eggs - 31%
% with eyed-aqua eggs - 8%
% with eggs - 45%

Eualus gaimardii

No. stations examined - 4
No. shrimps examined - 156
% with green eggs - 22%

No observations

boreas

No. stations examined - 2
No. shrimps examined - 2,845
Many with green eggs - no % available

be lcheti

No observations
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TABLE XV (Cent’d)

Norton Sound Area— Chukchi Sea - Kotzebue Sound Area

Pagurus trigonocheirus

No. stations examined - 35 No. stations examined - 3
No. crabs examined - 3,853 No. crabs examined - 429
% with dark purple eggs - 8% % with dark purple eggs - 6%

Labidoehirus splendescens

No. stations examined - 26 No. stations examined - 3
No. crabs examined - 2,426 No. crabs examined - 112
% with dark purple eggs - 18% % with purple-black eggs -33%
% with purple-gray eggs - 1% % with eggs - 33%
% with eggs - 19%

Pagurus cap-illatus

No. stations examined - 9 No. stations examined - 2
No. crabs examined - 1,416 No. crabs examined - 303
% with purple-black eggs - 8% % with purple eggs - 3%
% with eggs - 8%

Pagurus ochotensis

No. stations examined - 9 No observations
No. crabs examined - 412
% with purple-black eggs - 33%
% with brown eggs - 1%
% with eggs - 34%

Paralithodas  eamtsehutica

No. stations examined - 9 No observations
No. female crabs examined-412
% with purple eggs - 15%
% with brown eggs - 6%
% with eggs - 21%

Hyas eoarctatus ahtaceus

No. stations examined - 20 No. stations examined - 14
No. female crabs examined-739 No. female crabs examined-707
% with orange eggs - 17% % with orange eggs - 24%
% with eyed eggs - lx % with purple eggs - 1%
% with eggs - 18% % with dark brown eggs - 1%

% with eggs - 26%
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TABLE XV (Cent’d)

Norton Sound Area Chukchi Sea - Kotzebue Sound Area

Chionoeeetes opilio

No. stations examined - 6 No. stations examined - 6
No. female crabs examined - 432 No.. female crabs examined -1,908
% with orange eggs - 4% % with orange eggs - 5%

TeZmessus eheiragonus

No. stations examined - 9 No. stations examined - 21
No. female crabs examined - 403 No. female crabs examined - not determined
% with orange ovaries - 29% None with eggs; all large females
Z with orange eggs - 2% with orange ovaries.

Leptasterias  polar-is acerwata

No. stations examined - 2 No. stations examined - 6
No. sea stars examined - 87 No. sea stars examined - 6,318
% brooding young - 2% % brooding young - <.1%

Leptastetias  sp.

No. stations examined - 16 No. stations examined - 5
No. sea stars examined - 1,784 No. sea stars examined - 322
% with orange eggs in % with orange eggs in

oral region - 2% oral region - 1%
% with brooding young - 3% % with brooding young - 1%
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Paralithodes eamtsehatiica,  Lhjas coaretatus alubaceus, Chionoecetes  opilio,

Telrnessus ckeiragonus, L.eptastierias polaris acervata, and Leptasterias SP.

is found in Table XV.

Twenty-nine percent of the fem~le horse crab, TeZmessus cheiragonus,

examined in Norton Sound stations contained-orange ovaries; 2% were bearing

eggs. None of the T. cheiragonus  in the Chukchi Sea - Kotzebue Sound stations

were bearing eggs, but all of the large females examined contained orange

ovaries.

Parasitological Observations

Microscopic examination of nodules on the aboral surface of two sea

stars, Leptasterias  poZaris acervatu and .Leptasterias  SP. from randomly

selected stations revealed the presence of unidentified parasitic gastropod.
1

As many as 25 nodules up to 2.5 cm in diameter were observed,on  some speci-

mens. Parasitized L. poZuris acervati was observed in seven scattered

stations in the Norton Sound area and 11 localized stations in the Chukchi

Sea - Kotzebue Sound area; the percentage of parasitized individuals in the

respective stations was 15% and 10% (Table XVI, Fig. 1).

Stations with parasitized Lep_tasterias sp. were localized in the Norton

Sound area. The percentage of infection at these stations was 13% (Table

XVI) . Samples from only four stations in the Chukchi Sea area contained

parasitized Leptasterias  sp.

Other parasitic observations included: rhizocephalids (parasitic

barnacles) attached to the abdomen of hermit crabs, specifically Paguxus

eapiZZatus; parasitic isopods found under the cephalothorax  of shrimps,

primarily Arg{s Za.P.

1Taxonomic work and further aspects of the biology of this parasitic gastropod
will be included in B. MeCain, R. U. 332.
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TABLE XVI

Occurrence of parasitic gastropod on two sea stars
in the Norton Sound and Chukchi Sea - Kotzebue Sound

sampling areas, 2 September-13 October, 1976

P indicates parasitism

Leptasterias  polaris acervata

Norton Sound

No. Parasitize
Station Examined No. %

C-61 8 3 38
c-55 52 11 21
C-48 30 1 3
C-51 31 3 10
C-64 4 1 25
c-39 13 1 8
D-62 4 1 25— —
Totals 142 21 15

A-19
A-17
A-27
A-56
A-26
A-32
A-31
A-25
B-6
A-16
A-30

Totals

Chukchi Sea

153
287
132
416
112
110
P
P
P
P
P

1,210

23
13
36
7

24
21
P
P
P
P
P

124

15
5

27
2

21
19
P
P
P
P
P—

10

observed but not enumerated.

Leptasterias sp.

Norton Sound

No. Parasitized
Station Examined NO. %

C-60
C-56
C-51
C-50
C-52
c-33
C-32
C-61
D-87
D-39

Totals

26
47
48
30
43

1,348
601

8
12
24

2,187

8 31
1 2

11 23
6 20

17 40
202 15

30 5
1 13
1 8
6 25—

283 13

Chukchi Sea

A-2 11 3 27
A-1 5 3 60
B-20 22 5 23
B-7 P P P— — —
Totals 38 11 29
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VII. DISCUSSION

General Observations

Most invertebrate species collected in this investigation were

reported in other benthic studies of the northeastern Bering Sea shelf

and southeastern Chukchi Sea (Ellson et CZZ., 1950; Neiman, 1963;

Sparks and Pereyra, 1966; Feder and Mueller, 1974; and Stoker, in prep.).

The majority of the species identified are of boreal Pacific origin.

The near absence of higher arctic species is not surprising in view of

the strong northerly currents that prevail during the summer months on

the eastern side of the Bering Sea, Bering Strait, and the Chukchi Sea

(Stoker, in prep.). Likewise, Pruter and Alverson (1962) found few

high arctic species of flatfishes  in the southeastern Chukchi  Sea.

13enthic trawl studies in the northeast Gulf of Alaska and the south-

east Bering Sea showed that arthropod crustaceans dominated the inverte-

brate biomass, with 71.4% and 61.7% in the respective regions (Jewett  and

Feder, 1976; Feder et az., 1977a). The total echinoderm biomass from each

of these areas was 19.0% and 17.5%, respectively. Trawl surveys in the

coastal waters of Norton Sound , near Nome, and the southeastern Chukchi

Sea showed that echinoderms (especially asteroids) dominated the in-

vertebrate biomass (Feder and Mueller, 1974; Sparks and Pereyra, 2966).

The echinoderm biomass in the present study was 80.3% in the Norton

Sound area and 59.9% in the Chukchi Sea - Kotzebue Sound area. This

change in dominance from crustaceans to echinoderms in the northern

waters examined may be attributable to an increased availability of food

for the echinoderms. This availability of food may, in turn, reflect
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the absence of large populations of competing crabs and demersal fishes

in these northern regions (Neiman, 1963), many of which use similar food

items elsewhere (Feder and Jewett, 1977; Feder et al., 1977a).

Since sea stars made up 69 and 48% of the total epifaunal invertebrate

biomass in the Norton Sound and the Chukchi Sea - Kotzebue  Sound areas,

respectively, their importance cannot be overlooked. Sea stars are not

typically utilized at higher trophic levels (Feder et az., 1974; Feder,

unpubl.  data from the Gulf of Alaska and Bering Sea), and are known to be

long lived (Hyman, 1955). Thus, it would appear that these animals re-

present relatively immobile carbon reservoirs. However, a considerable

portion of sea-star carbon is, in fact, returned to the sea annually as

gamete production (Feder and Paul, unpubl.). For example, Hatanaka and Kosaka

(1958) calculated that 20-30% of the weight of Asteria a?nu.rensis in Tokyo Bay

is gonadal material which is ultimately extruded during spawning (also see

Feder, 1956 and 1970 for comments on the reproductive biology of the sea

star Pisaster ochraceus). Sea stars generally exhibit distinct annual

reproductive cycles, and those species that shed their gametes into the

surrounding water tend to liberate their sex woducts over short periods of

time (Feder, 1956, Boolootian, 1966). Such pulses of high energy reproductive

material during the spawning of large populations of sea stars probably

represent important components of secondary production in the study areas.

The epifaunal  standing stock reported in the present study is similar

to standing stock estimates presented in OCSEAP benthic  trawl studies else-

where, i.e., see Jewett and Fe.der, 1976; Feder et al., 1977a; and Feder and

Jewett, 1977. The total biomass of epifaunal invertebrates in the northeast

Gulf of Alaska and two bays around Kodiak Island was 2.6 g/m2 (Jewett  and

Feder, 1976) and 4.7 g/m2 (Feder and Jewett, 1977 ) respectively. The
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epifaunal  biomass in the present study deviated little from past studies,

i.e., 3.7 g/m2 in the Norton Sound area and 3.3 g/m2 in the Chukchi Sea -

Kotzebue Sound area.

Russian benthic  investigations (Neiman, 1963), provide biomass

estimates based on grab samples for infauna and small epifauna from the

southeast Bering Sea with the lowest value reported as 55 g/m2. Use

of a commercial trawl results in the loss of infaunal  and small epifaunal

organisms that are an important part of the benthic biomass. Therefore,

the total benthic biomass value is probably best expressed by combining

both grab and trawl values. Combined infaunal and epifaunal  surveys

should be part of all future investigations designed by OCSEAP.

Highest biomass stations for nine of the 17 dominant species (Tables

V, VIII; Figs. 3-5, 9-12, 17, 19) are located in northern Norton Sound,

primarily off Nome, extending northwest to the Bering Strait. The highest

biomass stations for the remaining eight dominant species were scattered

throughout the Chukchi  Sea - Kotzebue Sound area (Tables V, VIII; Figs. 6-8,

13-16, 18). Most of these organisms rely on detritus either directly or

indirectly. The main current flow in Che St. Lawrence Island into Norton

Sound before flowing toward the Bering Strait (Ellson et az., 1950). Due

to the shallow depth, these currents likely extend from the surface to the

bottom. Substantial sediment

are carried by these currents

velocity decreases (McRoy and

input from the Yukon and Kuskokwim Rivers

and the finer fractions settle out as the

Goering, 1976). Near its source, this

sediment input (consisting largely of coarser and heavier fractions), may

smother many species, and may markedly deter settlement of benthic larvae

(Stoker, in prep.). This effect, as well as the low chlorinity and salinity
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from these rivers (Ellson, et az., 1950), probably account for the many

low diversity stations off the Yukon River.

Feeding Observations

Sea Stars

The sea stars, Leptastetias poZaris acervata, Evasterias echinosoma,

and Lethasterias  nanimensis are food generalists, and their diet is probably

determined largely by the relative abundance of prey species available to

them. These three sea-star species exhibit extraoral feeding and typically

remain arched over their prey when taken from the bottom. Although certain

species have been identified as more frequently consumed prey items than

other species, spatial and seasonal variations as well as preference and

availability of prey have not been examined. Therefore, caution must be

exercised in interpreting the present feeding data.

Starry Flounders

Major food groups consumed by PZatichthys stezzatus from the northern

limits of its range do not differ from”those taken by the fish in other

geographic localities (Orcutt, 1950; Miller, 1967). The main organisms

preyed upon by starry flounders in the present study were the brittle

star, Diamphiodia eraterodmeta, and the protobranch clam, YoZdia hyperbo~ea.

Although brittle stars are reported from P. steZZatus stomach contents in

other areas, they were never consistently important food items there (Orcutt,

1950; Moiseev, 1953; and Miller, 1967). Orcutt (1950) occasionally found

the entire digestive tract of star~ flounders filled with the brittle star

Gphit.ira  Zlltkerzi (disc diameter 12-25 qm), and Miller (1967) observed the

brittle star, Amphiodia sp. among gut Contents, The gut contents of starrY
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flounders from Port Clarence and Norton Sound, the two areas where the

largest samples were obtained, were dominated by Diamplriodia  eraterodmeta.

Iiearly 600 of these tiny brittle stars (disc diameter 1.5-7 mm) were

found in a single gut in Port Clarence; typically 20-200 brittle stars

were observed per digestive tract.

Small clams, particularly thin-shelled species, are reported to be

a main food group of adult starry flounders elsewhere (Villadolid, 1927;

Orcutt, 1950; Moiseev, 1953; Miller, 1967; Jewett and Feder, 1976). The

digestive tracts of starry flounders in the present study were often

completely filled with the thin-shelled clam l’oz~;a hyparborea. Other

bivalves, such as Serripes groenkmdieus and Musmdhs nige~, were also

important food items for starry flounders in Norton Sound (Table XIV).

These molluscs  were usually swallowed whole. The selectivity for Diunzpkiodia

eraterodneta and Y. kypedorea  is probably due to their high abundance in the

sampling areas and their vulnerability at the sediment surface (Feder,

unpub. data).

The proboscis of Ec?ziu.rus Qch{urus ahskensis and the caudal appendages

of Priapulus caudrtus  lie close to the surface during feeding and defecating

activities, and, therefore, are readily accessible to active bottom

feeding fishes, such as P. stellatus. Priapulus has previously been

reported as food for starry flounders (Miller, 1967; Land, 1970).

The prickleback, Lumpenus fahiei< , was an important food of starry

flounders in the Chukchi Sea. However, fishes are not commonly consumed

by P. stellatus. Starry flounders from the San Juan Archipelago did not

contain fishes (Miller, 1967) although, small fishes such as Sardirwps,
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Citharichthys, Cymatogaster and Lyeodopsis have been listed as uncommon

food for this species (Villadolid,  1927; Orcutt, 1950; Clemens and

Wilby, 1961).

The shortcomings of the Index of Relative Importance (IRI) are

noted by Pinkas et aZ. (1971). They point out that frequency of occurrence

tabulations are sensitive to sampling error, numerous small organisms

overshadow the importance of a few large ones, and differential digestion

rates distort volumetric measurements. In our data, Chiorweeetes  opilio

appears as one of the major food organisms for Norton Sound starry

flounders. However, only one stomach contained this crab which amounted

to less than 5 ml in volume. The reason for the high index is explained

by the large number of small individuals present, 146 megalopa larvae.

A similar situation is noted for Stegophiura  rwdosa in the Chulcchi Sea.

In the latter case, only one stomach contained the prey, but the percent

by number and volume was high enough to yield a high index. Both of the

previous illustrations came from small samples; Norton Sound - 16 stomachs

and the Chukchi Sea - 26 stomachs, respectively. For the best interpretation

of the importance of food organisms, larger samples should be available

e.g., Norton Sound - 134 stomachs available for analysis. Although the

IRI may fall short of the theoretical ideal, it does allow one to handle

the importance of various foods when frequency of occurrence, numerical,

and volumetric data is available.

Food items of major importance in the diet of starry flounders tend

to differ in each of the study areas. These food differences probably

reflect differential prey selectivity and~or differences in prey density

andjor availability of the prey in each area. Although Diamphiodia  craterod-

meta and Yoldia h~pcsborca, were food organisms of major importance to
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starry

absent

ity of

flounders of Norton Sound and Port Clarence, they were completely

from the diet of the Chukchi Sea starry flounders. The availabil-

prey organisms to starry flounders and the comprehension of their

biological interactions with P. stellatus  can only be fully understood when

accomplished in conjunction with quantitative sampling via grabs and/or

dredges as well as further trawl sampling. Grab and dredge activities wete

not part of the present study.

Platichthys stellatus belongs to a group of flatfishes normally

having eyes on the right side (dextral),  but, reversed individuals

having eyes on the left side (sinistral) are very common in this species.

There is a regional trend in the degree of sinistral starry flounders

(see Orcutt, 1950, for a review of

starry flounder). In general, the

increases northward along the east

the geographic variations in the

proportion of sinistral  specimens

Pacific and dextral  specimens are

nearly absent from Japan waters. The percent of sinistral fish in the

present study (64.7%) coincide with the findings of Townsend (1937)

i.e., 67.1% of starry flounder from Alaska were sinistral.

Starry flounders may not be perennial inhabitants of the Chukchi Sea.

Pruter and Alverson (1962) found only one starry flounder while conducting

a demersal trawl investigation in the southeastern Chukchi  Sea during

August, 1959. In discussing variations in the

in the Bering Sea, Neiman (1963) suggests that

water temperature, rather than availability of

biomass of food benthos

yearly fluctuations in

food, may be the deter-

mining factor responsible for the northern distribution of flatfishes.

In the study of Pruter and Alverson (1962) the average bottom water tem-

perature was 4.9°C. However, in the present study where the average

bottom water temperature was 6.3”C, nearly 100 starry flounders were
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caught in the southeastern Chukchi Sea. It seems unlikely that small

temperature differences alone are sufficient to cause movement of P.

steLZatus into the Chukchi Sea during fall months. Perhaps other physical

factors such as water currents and 02 content act synergistically in

northward movement of starry flounders.

Reproductive Observations

Little is known about the reproductive biology of invertebrate

species for the Norton Sound - Chukchi Sea - Kotzebue Sound areas.

Knowledge of the reproductive condition of species may be useful in view

of probable increased petroleum mineral and fishing exploration in

northern waters. It may be useful in the sense that reproductive data

might suggest that probing certain areas during critical reproductive

periods should be avoided, i.e. mating, spawning, and/or egg bearing and

egg-hatching periods. Examination of the percentage of different egg

colors in invertebrates should give some initial insights to the develop-

mental sequence.

The color of king crab (ParaZitho&s eamtcchatica)  eggs elsewhere

progresses from dark purple when deposited, to light purple, to light

tan in the eyed-egg condition (personal observation). The egg color of

the snow crab (Ch;orwecetes ba~rd;) elsewhere transform from bright

orange when deposited, to eyed-light-tan eggs just prior to hatching

(personal observation). Presumably, similar color changes of eggs from

P.

in

camtschatiea  and C. opiZio occur in the study area.

The sequence of egg maturation for most of the other species listed

Table XV is not known.
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VIII . CONCLUSIONS

Trawling operations in the Norton Sound resulted in the collection

of 13 phyla and 187 species; 11 phyla and 171 species were collected in

the Chukchi Sea - Kotzebue Sound area. Mollusca,  Crustacea,  and Echinodermata

are the most heavily represented phyla with 74, 45, and 27 species

respectively in the Norton Sound Area and 70, 36, and 24 species respectively

in the Chukchi Sea - Kotzebue Sound area. Echinoderms, primarily sea

stars, made up the major portion of the invertebrate biomass with 80.3%

from the Norton Sound area and 59.9% from the Chukchi Sea - Kotzebue

Sound area. Arthropod crustaceans and molluscs also contributed considerably

to the overall biomass from both areas.

Since sea stars make up the bulk of the epifaunal  invertebrate

biomass in the study areas, their biological importance cannot be overlooked.

It is suggested that these sea stars do not represent relatively immobile

carbon reservoirs as has been often suggested, but, instead, that they

contribute pulses of high energy organic material, as gametes, into

adjacent waters, during their spawning periods. It is possible that the

gametes shed by large populations of sea stars in the study areas represent

important components generally overlooked in calculations of secondary

productivity.

There is now a satisfactory knowledge, on a station basis (for the

months sampled), of the distribution, abundance and biomass of the major

epifaunal  invertebrates in the study areas. Additional seasonal data

are essential. It is only when such continuing information is available

that a reasonable biological assessment of the effect of an oil spill

on these areas can be made.
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The sea stars, Leptasterias poZ.ar=-is acervata, Evasterias  echinosoma,

and Lethasterias nanimensis  are food generalists, and their diet is

probably determined largely by the relative abundance of prey species

available to them. The latter two species fed mainly upon clams, specifi-

cally the Greenland cockle Serripes groenlandicu.s. Due to lack of dredge

or grab data on the abundance of infauna in the area, it is not known

whether this variability in consumption of food items are due to preference

or availability of these items.

Analysis of stomach contents of the starry flounder PZatiehthys

stezikrtus show many differences in the feeding habits between Norton

Sound, Port Clarence and the southeastern Chukchi Sea. Starry flounders

from Norton Sound mainly use the deposit-feeding clam, Yoldia hyperborea,

and the small brittle star, Diamphiodia craterodneta, as food, while

starry flounders from southeastern Chukchi Sea mainly consume the proboscis

worm, Echiu.rus eehiurus akskensis,  and the prickleback  fish, Lwnpenus

fabtieii.

Availability of many readily identifiable, biologically well under-

stood organisms is a preliminary to the development of monitoring programs.

Sizeable biomasses of taxonomically  well-known echinoderms, crustaceans,

and molluscs were typical of most of our stations, and many species of

these phyla were sufficiently abundant to represent organisms potentially

useful as monitoring tools. The present investigation has clarified several

aspects of the biology of some of these organisms, and should aid in the

development of future monitoring programs for the Norton Sound - Chukchi

Sea - Kotzebue Sound areas.
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IX. NEEDS FOR FURTHER STUDY

1. Although the trawling activities were satisfactory for determina-

tion of the distribution, abundance, and biomass of epifauna, a substantial

component of both areas, the infauna, was not

species represent important food items, it is

and grab

2.

describe

relative

3.

junction

4.

sampling be accomplished in the near

Additional studies are needed during

seasonal and year-to-year variations

sampled. Since infaunal

essential that dredging

future.

other seasons and years to

in the distribution,

abundance and biomass,

Seasonal predator-prey

and reproductive biology of the epifauna.

relationships should be examined in con-

with simultaneous infaunal  sampling.

It is essential that large samples of the dominant clam prey

species be obtained to initiate recruitment, age, growth, and mortality

studies. These data will then be comparable to similar data being col-

lected for clams of Cook Inlet and the Bering Sea (Feder et aZ., 1977a).

Any future modeling efforts concerned with carbon or energy flow in the

Norton Sound - Chuicchi Sea area will need this type of information.

5. No systematically collected physical, chemical, and geological

data are currently available.

future in conjunction with all

These, data should be obtained in the

biological sampling efforts.

442



REFERENCES

Boesch, D. F., C. H. Hershner and J. H. Milgram.  1974. Oil S@Z1.s and
the Marine Environment. Ballinger Publ., Co., Cambridge, Mass.
llL p.

Boolootian, R. A., ed. 1966. Physiology of Eehinodermata. Interscience
Publishers. 822 p.

Clemens, W. A. and G. V. Wilby. 1961. Fishes of the Pacific Coast of
Canada, 2nd ed. Bull. Fish. Res. Bd. Canada, No. 68, 443 p.

Crapp, G. B. 1970. The biological effects of marine oil pollution
and shore cleansing. Ph. D. dissertation, University of Wales,
274 p.

Ellson,  J. G., D. E. Powell, and H. H. Hildebrand. 1950. Exploratory
fishing expedition to the northern Bering Sea in June and July 1949.
U.S. Fish Wildl. Serv. Fish. LeafZ. 369, 56 p.

Feder, H. M. 1956. Natural History of the Starfish Pisaster oehraceus
(Brandt, 1835) in the Monterey Bay Area. Doctoral Dissertation.
Stanford University, 294 p.

Feder, H. M. 1970. Growth and predation by the ochre sea star, Pisaster
ochraceus  (Brandt), in Monterey Bay, California. OpheZia 8:161-185.

Feder, H. M. and S. C. Jewett, 1977. The distribution, abundance and
diversity of the epifaunal benthic organisms in two bays (Alitak
and Ugak) of Kodiak Island, Alaska. Final report to NOAA. R. U.
No. P29. 79 p.

Feder, H. M. and G. J. Mueller. 1974. Biological studies. In D. W.
Hood, V. Fisher, D. Nehert, H. Feder, G. J. Mueller, D. Burrell,
D. Boisseau, J. J. Goering, G. D. Sharma, D. T. Kresge, and S. R.
Fison (eds.), EzvironmentaZ  S_tudy of the Marine Environment Near
Nome, Alaska. Inst. Mar. Sci. Report, R74-3, Sea Grant Report,
R73-14,  University of Alaska, Fairbansk. 265 p.

Feder, H. M., C. Turner, and C. Limbaugh. 1974. Observations on fishes
associated with kelp beds in southern California. CaZif. Dept. Fish
and Game BUZ~. 160:144.

Feder, H. M., D. Haflinger,  J. Hilsinger,  M. Hoberg, S. Jewett, Go
Matheke, and G. Mueller. 1977a. The dis~ribution,  abundance,
diversity, and biology of benthic organisms in the Gulf of Alaska
and the Bering Sea. Annual report to NOAA, R. U. No. 281/5/303.
340 p.

443



Feder, H. M., J. Hilsinger, M. Hoberg, and S. C. Jewett. 1977b .
Trawl survey of the benthic epifauna of the Chukchi Sea and
Norton Sound. Annual report to NOAA, R. U. No. 502. 27 p.

Hatanaka, M. and M. Kosaka. 1958. Biological studies of the popula-
tion of the starfish, Asterias amuxensis in Sendai Bay. Toho ku
J. Agric. Res. 4:159-178.

Jewett, S. C. 1977. Food of the Pacific cod, f~dus macrocephalus
Tilesins near Kodiak Island, Alaska. M. S. Thesis, University
of Alaska. 23 p.

Jewett, S. C. and H. M. Feder. 1976. Distribution and abundance of
some epibenthic invertebrates of the northeast Gulf of Alaska,
with notes on the feeding biology of selected species. Inst. Mar.
Sci. Report R76-8, University of Alasti, Fairbanks. - 61 p.

Karinen, J. F. and S. D. Rice. 1974. Effects of Prudhoe Bay crude
oil on molting tanner crabs, Clziorwece$es  bairdi. Mar. F<sh. ReV.
36(7):31-37.

Konstantinov,  K. G. 1972. The assessment of the frequency of occurrence
of food components. Proceedings of the Polar Research Institute of
Marine Fisheries and Oceanography. 28:219-222. (translo from Russian
In: Fish. Res. Bd. Can. Transl.  Ser. No. 2375).

Land, J. van der. 1970. Systematic, zoogeography, and ecology of the
. priapulids. Zoologiscke VenhandeZingen No. 112, 118 p.

Lewis, J. R. 1970. Problems and approaches to baseline studies in
coastal communities. FAO Technical Conference on Marine Pollution
and its Affect on Living Resources and Fishing. FIR:MP 70/E-22, 7 p.

McRoy, C. P. and J. J. Goering. 1976. Annual budget of primary production
in the Bering Sea. Mar. Sci. Corrnnunieations  2(5):255-267.

Meglitsch, P. A. 1972. Invertebrate Zoology. 2nd ed. Oxford University
Press, 834 p.

Miller, B. S. 1967. Stomach contents of Adult Starry Flounder and
Sand Sole in East Sound, Orcas Island, Washington. J. Fish. Res.
Bd. Canada 24(12):2515-2526.

Moiseev, P. A. 1953. Cod and flounders of the far eastern seas.
Vladivostok, Izv. Tikhookeans, Nauehn. Issled. Rybn. Khoz. Ser.,
No. 119 (1956). p. 463-490.

Neiman A. A. 1960. Quantitative distribution of benthos in the eastern
Bering Sea (in Russian). 2002. Zh.uP. 39:1281-1292, (Transl.  402,
U. S. Naval Oceanogr. Office, 1968.)

444



Neiman, A. A. 1963. Quantitative distribution of benthos and food
supply of demersal fish in the eastern part of the Bering Sea.
Tr. Vses. Nauchno-issled. Inst. Mersk. Rybn. Khoz. Okeanogr.  48.
(Transl. from Russian by Israel Prog. Sci. Transl. , Jerusalem,
as Soviet Fish. Inv. Northeast Pacific. Part I. p. 143-217.
Avail. Nat’l. Tech. Inf. Serv., Springfield, Vs., as TT67-51203.)

Nelson-Smith, A. 1973. Oil Pollution and Marine Ecology. Paul Elek
(Scientific Books) Lts., London. 260 p.

Olson, T. A. and F. J. Burgess, eds. 1967. Pollution and Marine
Eco ~0~ . Interscience,  New York. 364 p.

Orcutt, H. G. 1950. The life history of the starry flounder, Pbtiehthys
steZZatus (Pallas). Calif. Fish and Gcnne Fish. Bull. 78:64.

Pearce, J. B. and C. Thorson. 1967. The feeding and reproductive
biology of the red whelk, Neptunea antiqua (L.) (Gastropoda,
Prosobranchja)  . OpheZia  4:277-314.

Pearson, T. H. 1971. The benthic ecology of Loch Linnhe and Loch
Eil, a sea loch system on the west coast of Scotland, III. The
effect on the benthic fauna of the introduction of pulp mill effluent,
J. Exp. Mar. Biol. Eeol. 6:211-233.

Pearson, T. H. 1972. The effect of industrial effluent from pulp and
paper mills on the marine benthic environment. PPoe. Roy. See.
Land. B. 130:469-485.

Pearson, T. H. 1975. The benthic ecology of Loch Linnhe and Loch Eil,
a sea loch system on the west coast of Scotland. IV. Changes in
benthic  fauna attributable to organic enrichment. J. Exp. MaP. BioZ.
Eeoz. 20:1-41.

Pinkas, L., M. S. Oliphant, and I. L. K. Iverson. 1971. Food habits
of Albacore, Bluefin Tuna, and Bonito in California waters. Calif.
Fish & Game Fish. Bull. No. 152. 105 p.

Pruter, A. T. and D. L. Alverson, 1962. Abundance, distribution,
and growth of flounders in the southeastern Chukchi Sea. J. Conseil,
Consei2 Perm, Intern. Exploration Mer. 27(1):81-99.

Reese, E. S. 1966. The complex behavior of Echinoderms. p. 167-218
In: Physiology of Eehinodermata.  R. A. Boolootion  (Ed.). John
Wiley & Sons, Inc. 822 p.

Rhoads, D. C. 1974. Organism-sediment relations on the muddy sea
floor. Oceanogr. Mar. Biol. Ann. Rev. 12:263-300.

Rosenberg, R. 1973. Succession in benthic macrofauna in a Swedish
fjord subsequent to the closure of a sulphite pulp mill. Oikos
24:244-258.

445



Smith, J. E., ed. 1968. TOPPeY
Cambridge University Press,

Canyon Pollution and Ma&ne  Life.
Cambridge. 196 p.

Smith, R., A. Paulson and J. Rose. 1976. Food and feeding relationships
in the benthic and demersal fishes of the Gulf of Alaska and Bering
Sea. Annual Rept. to NOAA, R. U. No. 284, Inst. Mar. Sci., Univ.
Alaska, Fairbanks, 38 p.

Sparks, A. K. and W. T. Pereyra.  1966. Benthic invertebrates of the
southeastern Chukchi Sea. ln N. J. Wilimovsky and J. N. Wolfe
(eds.), .Envi~onment of the Cape Thompson Reg{o?z, Alaska. U. S.
Atomic Energy Commission. 1250 p.

Stoker, S. W. In prep. The Benthos of the Northeast Bering and Chukchi
Seas. Doctoral Dissertation. Inst. Mar. Sci., Univ. Alaska, Fairbanks.

Straughan, D. 1971. Biological and oceanographical survey of the Santa
Barbara Channel oil spill 1969-1970. Allan Hancock Foundation,
University of Southern California, Los Angeles. 425 p.

Thorson, G. 1960. Paralled level-bottom communities, their temperature
adaptation, and their “balance” between predators and food animals
p. 67-83. ln: Perspect~ves in Mar-he B{ology.  A. A. Buzzati-
Traverso (cd.), University of California Press, Berkeley and Los Angeles.
621 p.

Townsend, L. D. 1937. Geographical variation and correlation in
Pacific flounders. Copeia. p. 92-103.

Villadolid, D. V. 1927. The flatfishes (Heterosomata) of the Pacific
coast of the United States. Ph. D. Dissertation. Stanford University.
332 p.

446



APPENDIX TABLE I

Occurrence of each species in the Norton Sound area
September-October 1976

A total of 106 stations were occupied. Taxonomic names
represent the lowest level of identification

Cumulative Occurrence % of all OccurrencesT a x o n o m i c  Name. __________ -–-— % of all Sta.2

—— —— ——

Porifera
Phakellia sp.
Phakellia cribrosa
Cnidaria
Hydrozoa
Sertulariidae
Scyphozoa
Anthozoa
Eunephthya rubiformis
Stomphia sp.
Stomphia  coceinea
Actiniidae
Rhynchocoela
Polychaeta
Polynoidae
Arctonoe vittata
Eunoe depressa
Eunoe senta
Nereidae
Iiereis sp.
Brada villosa
Sternaspis  scutata
Cistenides hyperborea
TerebelZa SP.
Sabellidae
Potamilla sp.
Jasminiera sp.
Carcinobdella  sp.
Cryptochiton  stelleri
Amicula pallasii
Amicula vestita
Yoldia sp.
Yoldia hyperborea
Yoldia rm~alis
GlyeDmeris subobsoletu
Mytilus edulis
Musculus  ~li:~~r
Musculus discors
Chlart{ls rubih
Astartc borealis
Astczrte  montagui

17
7
1
5

22
3

31
20
69
10
18
51
3
8

48
1
4
2
2
2
1
1
2
2
8
1
2
4
1
1
6
1
4
5
2

10
1

22
1
9
2

0.583
0.240
0.034
0.172
0.755
0.103
1.064
0.686
2.368
0.343
0.618
1.750
0.103
0.275
1.647
0.034
0.137
0.069
0.069
0.069
0.034
0.034
0.069
0.069
0.275
0.034
0.069
0.137
0.034
0.034
0.206
0.034
0.137
0.1.72
0.069
0.343
0.034
0.755
0.034
0.309
0.069

16.038
6.604
0.943
4.717

20.755
2.830

29.245
18.869
65.094

9.994
16.981
48.113

2.830
7.547

45.283
0.943
3.774
1.887
1.887
1.887
0.943
0.943
1.887
1.887
7.547
0.943
1.887
3.774
0.943
0.943
5.660
0.943
3.774
4.717
1.887
9.434
0.943

20.755
0.943
8.491
1.887
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APPENDIX TABLE I (Cent’d)

Taxonomic Name Cumulative Occurrenc$— — —  — —  —.————

CycZocaPdia e.wbricosta-ta 4
Cyeloeardia  crassidens 1
Pseudopgthina SP. 1
clinoea~diwn SP. 1
Clinoeardium ciliatum 13
Clinoeardiwn  nuttallii 1
CZinoca.rdiwn californiense  10
Serr@es groeni?andieus
Liocyma fluctuosa
Spisula polynymz
Macoma sp.
Maeom ealea~ea
Maeoma brotu
Tellina lutes

altervridentata
Mya pseucbarenapia
HiatelZa aretiea
Panomya arctica
Gastropod
Margaritas giganteus
Solariella sp.
5’oZarielZa  obscura
SolarielZa varieosa
Taehgrhynchus eposus
Opalia sp.
Trichotropis  biearinata
Trichotropis  insignis
Triehot~opis  kroyeri
Na-tics clausa
Polinices  ptillida
Velutina sp.
Velutina plicatilis
Boreotrophon clathratus
lkdccinum SP.
Buceinwn angui?osm
Buecinum seakriforme
Buceinn gl.aciale
Buceinum solenum
Buceinum poi?are
Bueeinum fringillum
Buccinum tenellum
Ancistrolepis sp.
Beringius crebricostatus
Beringius  beringi
Bcringius  stimpsoni
Colus spitzbergensis

68
2
2
2
6

10

1
2

28
1

11
1
1
1
2
1
1
6
2
1
3
2
3
5
3
1

12
3
4
1
5
1
2
1
1

52
6
7

% of all Occurrences—  —. -—

0.137
0.034
0.034
0.034
0.446
0.034
0.343
2.334
0.069
0.069
0.069
0.206
0.343

0.034
0.069
0.961
0.034
0.377
0.034
0.034
0.034
0.069
0.034
0.034
0.206
0.069
0.034
0.103
0.069
0.103
0.172
0.103
0.034
0.412
0.013
0.137
0.034
0.172
0.034
0.069
0.034
0.034
1.784
0.206
0.240

% of all Sta.—— —.-

3.774
0.943
0.943
0.943

12.264
0.943
9.434

64.151
1.887
1.887
1.887
5.660
9.434

0.943
1.887

26.415
0.943

10.377
0.943
0.943
0.943
1.887
0.943
0.943
.5.660
1.887
0.943
2.830
1.887
2.830
4.717
2.830
0.943

11.321
2.830
3.774
0.943
4.717
0.943
1.887
0.943
0.943

49.057
5.660
6.604
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APPENDIX TABLE I (Cent’d)

Taxonomic Name Cumulative Occurrence % of all Occurrences.—— —— — —— —

Colus ambronius 1 0.034
C02US h.ypolispus 4 0.137
Liomesus ooides 1 0.034
Neptun.ea ventricosa 66 2.265
l?eptunea comnis bo~ealis 13 0.755
fle~-tunes keros
Plicifusus  kroyeri
Plieifusus  verkrwzeni
Pzjywlofusus  deformis
Vo2utopsius sp.
Volutopsius filosus
Volutopsius fragilis
Oenopota h.arpa
Obesitoma simplex
Dorididae
Doris S~.
Den.dronotus  sp.
octopus s~.
Pycnogonida
BaZanus sp.
Balanus balanus
BaZanus rostratus
Cumacea
Isopoda
Idoteidae
Saduria entomon
Synidotea bieuspida
Tecticeps  SP.
&Jmphipoda
Ampeliscidae
Eusirus sp.
Rhaehotropis  sp.
Gammaridae
Melita sp.
Melita den-tutu
Jassa sp.
Lysianassidae
Anonyx sp.
Anonyx nugax paeifica
Anonyx ampulloides
Socarnes sp.
Podoceridae
Duliehia  spinosissima
Stegoeephalus  inflatus
Parathemisto  japonica
Caprellidae
Pandulus borealis

77
3
1

23
1
1

10
1
1
2
1
3
2
2
8

44
1
2
2
2

17
13
3
4
2

10
3
2

10
2
1
1

11
3
1
1
1
1
3
4
1
1

2.642
0.103
0.034
0.789
0.034
0.034
0.343
0.034
0.034
0.069
0.032
0.103
0.069
0.069
0.275
1.510
0.034
0.069
0.069
0.069
0.583
0.446
0.103
0.137
0.069
0.343
0.103
0.069
0.343
0.069
0.034
0.034
0.377
0.103
0.034
0.034
0.034
0.034
0.103
0.137
0.034
0.034

% of all Sta..-

~.943
3.774
0.943

62.264
12.264
72.642
2.830
0.943

21.698
0.943
0.943
9.434
0.943
0.943
1.887
0.943
2.830
1.887
1.887
7.547

41.509
0.943
1.887
1.887
1.887

16.038
12.264
2.830
3.774
1.887
9.434
2.830
1.887
9.434
1.887
0.943
0.943

10.337
2.830
0.943
0.943
0.943
0.943
2.830
3.774
0.943
0.943
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APPENDIX TABLE I (Cent’d)

Taxonomic Name Cumulative Occurrence ~ of all_Occurrences % of all Sta.,————. — . —  — — — - — . — .

Pano2zlus  goniurus
Pan&Zus hypsinotus
Lebbeus groenlandiea
Eualus S~.

Eualus f~rieii
Euahs gairnardii beleheri
Eualus rnacilenta
Crangon &lZi
Seleroe~angon  boreas
Argis lap
Pagurus ochotensis
Pagupus eapitlatus
Pagurus trigonocheirus
Labidbchirus splendeseens
Lithodidae
Hapalogastiep gpebnitizkii
Pa~aZithodes  camtschatica
Paralithodes platypus
&ulptolithodes  derjugini
Hyas Zyratus
Hyas eoarvtatus aZutaeeus
Chionoecetes  opilio
Telmessus  cheiragonus
Golfingia mmgapitacea
Ech;uxus  eeh.iurus

alizskensis
PPiapulus  eaudutus
Ectoprocta
Flustridae
E’lusbra sp.
Dendrobeania  sp.
Diaperoedz sp.
Heteropom SP.
AZcyonidium sp.
AZcyonidiwn discifopme
AZcyonidium vermiculare
FlustrelZa  gigantea
Dallinidae
Laqueus ealiforianus
Henricia sp.
%erasker obsczaws
(Mossaster  papposus
SolasteP sp.
Solastcr  abusoni
Astcmlw armuwzsis 103 3.535 97.170
Evastcr& cchinusoma 58 1.990 54.717
Evastcrias  trosehelii 1 0.034 0.943

49
14
20
1
3

18
1

50
36

104
36
94
87
79
1

12
58
15
1
2

59
61
55
3

7
1

41
1

13
1

11
2
6
5
6
3
1
1

29
10
25
2
1

1.682
0.480
0.686
0.034
0.103
0.618
0.034
1.716
1.235
3.569
1.235
3.226
2.986
2 ● 711
0.034
0.412
1.990
0.515
0.034
0.069
2.025
2.093
1.887
0.103

0.240
0.034
1.407
0.034
0.446
0.034
0.377
0.069
0.206
0.172
0.206
O*1O3
0.034
0.034
0.995
0.343
0.858
0.069
0.034

46.226
13.208
18.868
0.943
2.830

16.981
0.943

47.170
33.962
98.113
33.962
88.679
82.075
74.528
0.943

11.321
54.717
14.151
0.943
1.887

55.660
57.547
51.887
2.830

6.604
0.943
38.679
0.943

12.264
0.943

10.377
1.887
5.660
4.717
5.660
2.830
0.943
0.943

27.358
9.434
23.585
1.887
0.943

450



APPENDIX TABLE I (Cent’d)

~axonomic Name Cumulative Occurrence,— . -—

Leptastetias  SP.
Leptasterias  polaris

acervata
Lethasterias  SP.
Lethasterias  mm.imensis
Echinoidea
Echinarachnius  parma
Strongyloeentrotus

droebachiensis
Amphiodia SP.
Amphipholis SP.
Diamhiodia craterodmeta
(brgbocephahs  earyi
Ophiopholis  aculeata
Ophiura sarsi
Stegophiura SP.
Stegophiura nodosa
Cucumatia  SP.
Cueurnaria ealeigera
PSOZUS ~aponicus
Chordata:ascidiacea
Che@osonzz sp.
Chelyosoma  columbianum
Ck.elyosovzz  otientale
Styelidae
StyeZa macrentepon
Pelonaia corrugata
Bol*enia ovifera
Boltenia  echinatc
Halocynthia SP.
Halocynthia au.rantium
Salpidae

•1

72

54
2

77
1

19

83
1

18
4

51
2
8
2

30
4
1
5

73
8
2
2
9

66
8

26
8
1

11
1— .

2914

% of all Occurrences

2.471

1.853
0.069
2.642
0.034
0.652

2.848
0.034
0.618
0.137
1.750
0.069
0.275
0.069
1.030
0.137
0.034
0.172
2.505
0.275
0.069
0.069
0.309
2.265
0.275
0.892
0.275
0.034
0.377
0.034

100%

% of all Sta.,

67.925

50.943
1.887

72.642
0.943

17.925

78.302
0.943

16.981
3.774

48.113
1.887
7.547
1.887

28.302
3.774
0.943
4.717

68.868
7.547
1.887
1.887
8.491

62.264
7.547

24.528
7.547
0.943

10.377
0.943

J. Cumulative occurrence
Total cumu~tive  occurrence

2 Cumulative occurrence—— ——-—
Total No. of stations occupied
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APPENDIX TABLE 11

Percentage composition of all phyla by family from all stations
in the Norton Sound area
September-October 1976

Taxonomic Name

Porifera
(Unident.  family)

Axinellidae
Cnidaria

(Unident.  family)
Hydrozoa

(Unident.  family)
Sertulariidae
Scyphozoa

(Unident. family)
Anthozoa

(Unident.  family)
Nephtheidae
Actinostolidae
Actiniidae
Rhynchocoela

(Unident.  family)
Polychaeta

(Unident.  family)
Polynoidae
Nereidae
Flabelligeridae
Sternaspidae
Pectinariidae
Terebellidae
Sabellidae
Piscicolidae
Acanthochitonidae
Mopaliidae
Nuculanidae
Glycymerididae
Mytilidae
Pectinidae
Astartidae
Carditidae
Kelliidae
Cardiidae
Veneridae
Mactridae
Tellinidae
Myidae
Hiatellidae
Gastropod

(Unident.  family)

Count——.-

754
10

51

64
3

287

268
1520
793

21499

7

10
921

4
1
1
4
3

142
4
2

25
22
3

474
5

86
20
1

1210
30
3

28
2

125

27

% Count

0.3688
0.0049

0.0249

0.0313
0.0015

0.1404

0.1311
0.7434
0.3879

10.5151

0.0034

0.0049
0.4505
0.0020
0.0005
0.0005
0.0020
0.0015
0.0695
0.0020
0.0010
0.0120
0.0108
0.015
0.2318
0.0024
0.0418
0.0097
0.0005
0.5919
0.0147
0.0015
0.0137
0.0010
0.0611

0.0130

wt. (w).

72577.00
1429.00

6592.00

3624.00
80.00

139532.00

39452.00
27641.00
25594.00

540052.27

12.00

13*OO
4181.00

4.00
5.00
1.00
5.00

11.00
502.00

4.00
120.00
425.73
32.00
2.00

4064.00
524.00

1287.73
76.09
2.00

45607.45
41.00
355.00
514.00
130.00
181.00

783.45

% wt.——

0.3995
0.0079

0.0363

0.0199
0.0004

0.7680

0.2172
0.1521
0.1409
2.9726

0.0001

0.0001
0.0230
0.0000
0.0000
0.0000
0.0000
0.0001
0.0028
0.0000
0.0007
0.0023
0.0002
0.0000
0.0224
0.0029
0.0071
0.0004
0.0000
0.2510
0.0002
0.0020
0.0028
0.0007
0.0010

0.0043

gm/m2
all Sta.

0.01485
0.00029

0.00135

0.00074
0.00002

0.02856

0.00807
0.00566
0.00524
0.11053

0.00000

0.00000
0.00086
0.00000
0.00000
0.00000
0.00000
0.00000
0.00010
0.00000
0.00002
0.00009
0.00001
0.00000
0.00083
0.00011
0.00026
0.00002
0.00000
0.00933
0.00001
0.00007
0.00011
0.00003
0.00004

0.00016
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APPENDIX TABLE 11 (Cent’d)

Taxonomic Name. —  —— —

Trochidae
Turritellidae.
Epitoniidae.
Trichotropididae
Naticidae
Velutinidae
Muricidae
Buccinidae
Neptuneidae
Turridae
Dorididae
Dendronotidae
Octopodidae

Count—

6
8
1

34
10

9
12

113
6495

2
3

26
8

Arthropoda: Pycnogonida
(Unident. family)

Balanidae
Cumacea

(Unident.  family)
Isopoda

(Unident. family)
Idoteidae
Sphaeromatidae
Amphipoda

(Unident. family)
Ampeliscidae
Eusiridae
Gammaridae
Ischyroceridae
Lysianassidae
Podoceridae
Stegocephalldae
Hyperiidae
Caprellidae
Pandalidae
Hippolytidae
Crangonidae
Paguridae
Lithodidae
Majidae
Atelecyclidae
Sipunculida
Echiuridae
Priapulids
Flustridae
A1.cyol~idiidae

2
1171

2

3
3538
121

20
8

53
54
1

183
3

10
27
1

7102
728

22568
24420
1046
6265
1184

3
9
1

15
18

Z Count— — —

0.0029
0.0039
0.0005
0.0165
0.0049
0.0044
0.0059
0.0553
3.1766
0.0010
0.0015
0.0128
0.0037

0.0010
0.5727

0.0010

0.0015
1.7304
0.0592

0.0098
0.0039
0.0259
0.0264
0.0005
0.0895
0.0015
0.0049
0.0132
0.0005
3.4736
0.3559

11.0382
11.9439
0.5116
3.0641
0.5791
0.0015
0.0044
0.0005
0.0073
0.0088

wt. (m)
225.00
45.00
20.00

562.27
181.00
67.00

192.27
2530.00

735193.18
90.00
13.00

1053.64
545.45

2.00
36474.00

2.00

2.00
31325.00

22.00

5.00
4.00

62.00
48.00
1.00

120.00
2.00

58.00
27.00
1.00

9883.00
1893.45

159742.27
336885.36
773817.00
245544.55
159802.00

37.00
192.00

1.00
545.00
S85.00

% wt.—— .

0.0012
0.0002
0.0001
0.0031
0.0010
0.0004
0.0011
0.0139
4.0467
0.0005
0.0001
0.0058
0.0030

0.0000
0.2008

0.0000

0.0000
0.1724
0.0001

0.0000
0.0000
0.0003
0.0003
0.0000
0.0007
0.0000
0.0003
0.0001
0.0000
0.0544
0.0104
0.8793
1.8543
4.2593
1.3515
0.8796
0.0002
0.0011
0.0000
0.0030
0.0049

gm/m2
all Sta.— —

0.00005 ‘
0.00001
0.00000
0.00012
0.00004
0.00001
0.00004
0.00052
0.15047
0.00002
0.00000
0.00022
0.00011

0.00000
0.00746

0.00000

0.00000
0.00641
0.00000

0.00000
0.00000
0.00001
0.00001
0.00000
0.00002
0.00000
0.00001
0.00001
0.00000
0.00202
0.00039
0.03269
0.06895
0.15837
0.05025
0.03271
0.00001
0.00004
0.00000
0.00011
0.00018

453



APPENDIX TABLE II (Cent’d)

Taxonomic Name Count- —

Dallinidae 1
Echinasteridae 106
Pterasteridae 34
Solasteridae 241
Asteridae 70866
Echinarachniidae 2040
Strongylocentrotidae 9572
Amphiuridae 2745
Gorgonocephalidae 5218
Ophiactidae 74
Ophiuridae 982
Cucumariidae 18
Rlmdosomatidae 146
Styelidae 5541
Pyuridae 1469

% Count,

0.0005
0.0516
0.0166
0.1177
34.6608
0.9978
4.6818
1.3426
2.5522
0.0360
0.4803
0.0088
0.0714
2.7101
0.7185

Wt.(gm).

1.00
1293.73
3062.00
6804.82

12669499.91
2188.00

610588.46
1117.00

1281550.00
172.73

1409 ● 00
51.00

3723.00
139622.00
33013.00

% wt.. — —

0.0000
0.0071
0.0169
0.0375

69.7366
0.0120
3.3609
0.0061
7.0540
0.0010
0.0078
0.0003
0.0205
0.7685
0.1817

gm/m2
all Sta.

0.00000
0.00026
0.00063
0.00139
2.59297
0’.00045
0.12496
0.00023
0.26229
0.00004
0.00029
0.00001
0.00076
0.02858
0.00676

454



Percentage Composition of all Phyla by
Taxonomic  names

Taxonomic Name CO~nt % Count

Porifera
Phalfell<a  sp.
Phakellia cribrosa
Cnidaria
Hydrozoa
Sertulariidae
Scyphozoa
Anthozoa
Eme?hthya  Aifonmk
Stmpkiu sp.
Stm?hia coccinea
Actiniidae
Rhynchocoela
Polychaeta
Polynoidae
~r~tonoe  vittata
Ewwe ciepressa
Eiime  senta
Xereidae
Hereis sp.
i3rada villosa
Sternmpis scutiati
Cictenidm hyperborea
Tej~<bella  sp.
Sabellidae
Iozmilla sp.
“-~.?~iniepa  sp.
Carcinohklla sp.
cr:~~tochiton  stelleri
A.rnicula pallasii
Amlcula  vestita

754 0.4
9 0.0
1 0.0

51 0.0
64 O.G
3 0.0

287 0.1
268 0.1

1520 0.7
43 0.0

750 0.4
21499 10.5

7 0.0
10 0.0

907 0.4
1 0.0

10 0.0
3 0.0
2 0.0
2 0.0
1 0.0
1 0.0
4 0.0
3 0.0

48 0.0
91 0.0
3 0.0
4 0.0
2 0.0
4 0.0

20 0.0

APPENOIX  TABLE III

Species from all Stations in the Norton Sound
represent the lowest level of identification.

glmz for*
occurrence

Weipht (F) % T o t a l  w t .stations stations count we i@K_. — .

area, September-October 1976

glm’
fOr all % Phylum ? Phylum

72577.00
1427.00

2.00
6592. oo
3624.00
80.00

1.39532.00
39452.00
27641.00
1514.00

24080.00
540052.27

12.00
13.00

4152.00
1.00

17.00
11.00
2.00
2.00
5.00
1.00
5.00

11.00
319.00
181.00

2.00
4.00

120.00
59.09

366.64

0.40
0.01
0.00
0.04
0.02
0.00
0.77
0.22
0.15
0.01
0.13
2.97
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.1086
0.0051
0.0001
0.0328
0.0041
0.0007
0.1162
0.0488
0.0099
0.0040
0.0310
0.2614
0.0001
0.0000
0.0022
0.0000
0.0001
0.0001
0.0000
0.0000
0.0001
0.0000
0.0001
0.0001
0.0010
0.0040
0.0000
0.0000
0.0031
0.0012
0.0014

0.01485
0.00029
0.00000
0.00135
0,00074
0.00002
0.02856
0.00807
0.00566
0.00031
0.00493
0.11053
0.00000
0.00000
0,00085
0.00000
().00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00007
0.00004
0.00000
0.00000
0.00002
0.00001
0.00008

98.69
1.18
0.13
0.21
0.26
0.01
1.17
1.09
6.21
0.18
3.06

87.80
100.00

(3.92
83.21
0.09
0.92
0.28
0.18
0.18
0.09
0.09
0.37
o.~8
4.40
8.35
0.28
0.37
0 . 0 2
0.05
o.~3

98.07
1.93
0.00
0.84
O.Lb
0.01

17.83
5.04
3.53
0.19
3.08

69.01
100.00

0.?8
87,85
o.o~
0.36
0.23
0.03
0.04
0.11
().()2
0.11
0.23’
6.75
3.83
0.04
0.0s
o.lj~
0.01
0.05



APPENDIX TABLE III (Continued)

g/m2 fork gJm2
occurrence for all % Phylum Z Phylum

Taxonomic Name Count % Count Weight (g) % Total Wt. stations_ stations Count W e i g h t

Yoldia sp.
Yoldia hyperbopea
Yoldia qjalis
Gl~cy~eris .s”&obsoleta
[.:~ t<lws edulis
MUZCU2US rziger
!#MCUIUS discora
L7f17.aqJs rubida
Astmte bcwe~lis
Astarte nontagui
Cyelocardia crebriaostata
Cyclocardia c~assi&zs
Pseudop@hina sp.
Clinocardiwn sp.
CZinoeardiuw  ciliatum
Clinocodiwn nuttall;<
Clinoczwdium cali forniense

1 0.0
13 0.0
8 0.0
3 0.0

56 0.0
1 0.0

417 0.2
5 0.0

79 0.0
6 0.0

15 0.0
4 0.0
1 0.0
3 0.0

48 0.0
‘1 0.0
38 0.0

0.5
0.0
0.0
0.0
0.0
0.0
‘3.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.00
13.00
17.00
2.00

1757.00
25.00

2282.00
524.00

1120.00
167.73

53.36
22.73
2.00

70.00
979.00
15.00

1397.00
43146.45

41.00
355.00
26.00

134.00
352.00

2.00
130.00
180.00

1.00
783.45
45.00
45.00
45.00
w .00
.J.uo
20.00

0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01.
0.24
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0001
0.0001
0.0001
0.0000
0.0043
0.0007
0.0026
0.0116
0.0030
0.0020
0.0003
0.0005
0.0000
0.0016
0.0018
0.0004
0.0034
0.0156
0.0005
0.0046
0.0003
0.0006
0,.0009
0.0000
0.0017
0.0002
0.0000
0.0017
0.0012
0.0012
0.001.2
0.0012
0.001.2
0.0006

0.00000
0.00000
0.00000
0.00000
0.00036
0.00001
0.00047
0.00011
0.00023
0.00003
0.00001
0,00000
0.00000
0.00001
o.oo(~?o
0.00IWO
0.001129
o.o(lii83
0.001’01
0.004)07
0.0(’!01
!3.(3(103
0.0(1107
0.00(100
0.00003
0.00004
0.00000
0.00016
0. 0000J
0.00001
0.00001
0.0000?
0.00001
0.00000

0.01
0.15
0.09
0.03
0.64
0.01
4.75
0.06
0.90
0.07
0.17
0.05
0.01
0.03
0.55
0.01
0.$3

]~.75
0.34
0.03
(3.02
0.10
0.17
0.02
O,()?
1.40
o.o~
0.30
0.01
0.01
().()2
().o~
0.09
0.01

0.00
0.00
0.00
0.00
0.22
0.00
().29
0.07
0.1$
0.02
0.01
0.00
0.00
0.01
0.12
0.00
0.S8
5.23
0.01
0.04
0.00
O.()?
0.0$
0.00.
(-JOoz
o+o~
0.00
0.10
0.01
0.01
0.01
0.01
0.01
O.oc



*
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APPENDIX TABLE III (Conlinued)

glm= for* glmz
occurrence for all % Phylum % P!]ylum

Taxonomic  Name Count Z Count Weight (g) % Total Wt. stations Statioqs Count Weight——— —..—

l’ric;wtro~ie <nsignig
rricho tropis krwyeri
;la tics cluusa
Polinices pall?kia
Velutirzz SP.
VeZutin2 plicatilia
Boreo:r~~hon  clathrw
Ew?inu-i  sp.
>AC?&W1  an:Id08~
y~~Cin~q  SCC LUdfLUWl~

tuccinun glaciale
2i42cinwn  solenum
Z?uccinwn polare
Euccinw fringillum
Euecinuw tenelhm
Ln:istr?lepis sp.
5~rin:i .(s crebricostatua
~crin~ius beri~i
Berin~iuz  stimpsoni
CCJ lus c;)itzbergensis
CO lus m.bronius
Co lus  h:.poliapue
Liomeaw~ ooidss
i/~p~~nQ~ ven tpicosa
[ieptazel communis

borealis
:]e2tmG%  hew8
?iici@us kroyeri
Flicijl..2aa verbuzen<
Fyruk]”usun de fonnie
t:olut~;  zius sp.
VGlubG; zius filosus
Vo 1+ ’t~,; ::ius fragi lie

31
2
1
3
7
3
6

12
7

38
16
5
2

15
1

29
123
16

527
26
16
2
8
1

1999

87
4264

47
2

204
2
1

68

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.3

“ 0.0
0.0
0.0
0.0
0.0
0.5

0.0
2.1
0.0
0.0
0.1
0.0
0.0
0.0

427.27
90.00
45.00
91.00
90.00
12.00
55.00

192.27
499.00
812.00
271..00
180.00
45.00

452.00
45.00
226.00

639’>.45
1407.00

47687.91
1740.27
417.27
102.27
237.27
45.00

88768.09

1625.00
553003.27

1017.27
102.27

28882.82
1.36.00
45.00

3581.00

0.00
0.00
0.00
0.00
0.OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.O1
0.26
0.01
0.00
0.00
0.00
0.00
0.49

0.01
3.04
0.O1
0,00
0.16
0.00
0.00
0.02

0.0018
0.0(315
0.0010
0.0008
0.0011
0.0001
0.0003
0.0015
0.0111
0.001.7
0.0022
0.0012
0.0010
0.0025
0.00L0
0.0029
0.L348
0.0415
0.0222
0.0071
0.0014
0.0022
0.0013
0.0015
0.0337

0.01.)19
0.J190
0.0076
0.0022
0.0297
0.0035
0.0010
0.0090

0.00009
0,00002
0.00001
0.00002
0.00002
0.00000
0.00001
0.00004
0.00010 ‘
0.00017
0.00006
0.00004
0.00001
0.00009
0.00001
0.00005
0.00131
0.00029
0.00976
0.00036
0.00009
0.00002
0.00005
0.00001
0.01817

0.001333
0.11318
0.00021
0.00002
0.00591
0.00003
0.00001
0.00073

0.35
0.02
0.01
0.03
0.08
0.03
0.07
0.14
0.0s
0.43
0.18
0.06
0.02
0.17
0.01
0.33
1.40
0.18
6.00
0.29
0.19
0.03
0.09
0.01

12.51

0.99
48.53
o.5&
0.03
2.31
0.02
O.OL
0.77

0.05
0.01
0.01
0.01
0.01
0.00
0.01
0.02
0.06
0.10
0.03
0.02
0.01
0.06
0.01
0.03
0.s0
0.18
6.00
0.22
0.05
0.01
0.03
0.01

11.17

0.20
69.57
0.13
0.01
3.63
fl.Q~
0.01
0.L5



APPENDIX TABLE III (Continued)

g/m2 for* glm2
occurrence for all % Phylum

Taxonomic Name
% Phylum

Count % Count Weirht (g)—— % Total Wt. ____stations Countstations . Wei~ht_—

1 0.0
1 0.0
2 0.0

0.0
2; 0.0
7 0,0
2 O*O

172 O.I.
979 0.5
20 0.0
2 0.0
3 0.0

21 0.0
3&80 1.7

37 0.0
121 0.1
20 0.0
8 0.0

50 ().0
3 0.0
6 0.0

45 0.0
3 0.0
1 ().0
3 ().0

83 0.0
46 (3.0
50 ().0
1 (1.Q
2 (1.0
1 1!,()

10 0.0
27 0.0
1 0.0
1 0.0

45.00
45.00
3.00
1.0.00

1053.64
545.45

2.00
3057.00

33397.00
20.00
2.00
2.00
3.00

31300.00
22.00
22.00
5.00
4.00
58.00
4.00

1.3.00
33.00
2.00
1.00
1..00

50.00
37.00
30.00
2.00
1.00
1..00

58.00
27.00
1.00
1.00

0.00
0.00
0.00
0.00
0.01
(3.00
0.00
0.02
0.18
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0012
0.0010
0.0000
0.0003
0.0078
0.0059
0.0000
0.0097
0.0185
0.0006
0.0000
0.0000
0.0000
0.0495
0.0000
0.0002
0.0000
0.0001
0.0001
0.0000
0.0002
0.0001
0.0000
0.0000
0.0000
0.0001
0“.0003
0.0006
0.0001
0.0000
0.0000
0.0005
0.0002
0.0000
0.0000

0.00001.
0.00001
0.00000
0.00000
0.00022
0.00011.
0.00000
0.00063
0.00684
0.00000
0.00000’
0.00000
0.00000
0.00641
0. 00(?00
0.00000
0.00000
0.000no
0.00001
0.00000
0.00(-)00
0.00[)01
0.0001)0
0,00000
0.00000
0.00001
0.00001.
0.00001
0.00000
0.00000
$3.00(100
0.000ot
0.00001
0. 00(300

0.00000

0.01
0.01
o.o~
0.01
0.30
0.09

100.00
0.25
1.43
0.03
0.00
0.00
0.03
5.0s
0.05
0.18
0.03
O.o.t
0.07
0.00
0.01
0.07
0.00
0.00
0.00
0.1?
0,07
0.07
0.00
0.00
0.00
0.01
0.0;
0.00

(),(M)

0.01
0.01
0.00
().0()
0.13
0.07

10(3.03
0.17
~.~)1)
(). (I(j
0.00
0.00
O.QO
1.79
0.00
0.00
0.00
(3. 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
(1. m)
i). 00
0. (lo
o. Iv]
().,iij

0.00



APPENDIX TABLE III (Contimu,d)

g/m2 for* glmz
Occurrence for all Z Phylum

Taxonomic Name
7 Phylum

Count % count Weight (g) % Total Wt. stations stations count Neight— . . —- _——

Pa)?lalus  goniurus
Pardzlus hypisonotue
Lebheus groenlandioa
Euahs sp.
Eualus fabrici<
Eualue  gaimardii beikheri
EuaZus macilentu
CrqOn dalli
Sclerocrungon  boreae
Ar~i8 Zar
Pz~wws ochotensis
PayOws ca~illatue
Fazarus trigonocheirue
Labibchirus splen&seens
Lithodidae
I@glogaster g~ebnitzk<i
Parzlithodes cwntschatica
Far.zlithodes pZatypu8
Zcw@tolitho&.s derjugini
Pycz lyratus
H3z.3 carctatus ak%aceus
C%icwwecetes opilio
Yelnemus  cheiragonus
Gglfingia mar~aritacea
Ech;urtos  echiurue
zkkensis

wiq~ulus Caudatus
Ectoprocta
Flustridae
)’lx:?ra sp.
Len?rokzaiz sp.
L&z~eroec<a sp,
Hetmovora sp.
Alc.{onklium  sp.
Alc;!onidium discifo~e

6888
213
277

1
7

442
1

5927
3361

13:!80
641

8800
11629
3350

2
28

914
103

1
14

3791
2460
1184

3

9
1

43
1

15
1

25
2
6
5

3.4
0.1
0.1
0.0
0.0
0.2
0.0
2.9
1.6
6.5
0.3
4,3
5.7
1.6
0.0
0.0
0.4
0.1
0.0
0.0
1.9
1.2
0.6
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

7918.00
1964.00
1416.45

1.00
9.00

466.00
1.00

16082.00
.44695.82
98964.45
20331.00

107270.45
175122.91
34161.00

726.00
209.00

732070.00
41537.00

I .00
3904.00

184060.55
57580.00

159802.00
37.00

192.00
1.00

5334.00
20.00

545.00
20. O(J

3588.36
292.00
819.00
47.00

0.04
0.01
0.01
0.00
o.o@
0.00
0.00
0.09
0.25
0.54
0.11
0.59
0.96
0.19
0,00
0.00
4.03
0.23
0.00
0.02
1.01
0.32
0.88
0.00

0.00
0.00
0.03
0.00
0.00
0.00
0.02
0.00
0.00
0.00

0.0040
0.0035
0.0018
0.0000
0.0001
0.0007
0.0000
0.0083
0.0303
0.0236
0.0150
0.0284
0.0507
0.0109
0.0248
0.0004
0.3129
0.0646
0.0000
0.0455
0.0793
0.0240
0.0702
0.0003

0.0007
O.O(JOO
0.0033
0.0007
0.0010
0.0005
0.0081
0.0039
0.0035
0.0002

0.00162
0.00040
0.00029
0.00000
0.00000
0.00010
0.00000
0.00329
0.00915
0.02025
0.00416
o.o~195
0.03584
0.00699
0.00015
0.00004
0.14981
0.00850
0.00000
0.00080
0.03767
0.01178
0.03271.
0.00001

0.00004
0.00000
0.00109
0.00000
0.0001 I
0.00000
0.00073
0.00006
0.00017
0.00001

10.05
0.31
0.40
0.(-)0
0.01.
0.(}5
0.00
S.($5
4.91

19.38
0.94

12.84
16.97
4.89
0.00
0.04
1.33
0.15
0.00
0.02
5.53
3.59
1.73

100.00

100.00
100.00
39.71
0.92

]’3.85
~.9~

23.34
1.s5
5.54
4.62

0.55
0.11
O.U8
0.00
0.00
0.03
0.00
o.9~
2.54
5.63
1.16
6.11
9.97
1.94
0.0:
0.01

41.68
2.36
0.00
(3.22

10.A3
3.28
9.10

100.00

100.0(3
100.00
46.93
0.1s
4.79
0.1s
31.57
2.57
7.21
0..’,1



APPENDIX TABLE III (Continued)

glm2 fOr* gflnz
occurrence for all % Phylum % “Ph:Jlurl

Taxonomic Name Count z count Weight (g) stations  __._—_% Total. Wt. stations Count Wej qht

7
3
1
1

105
34

238
2
1

56898
1043

2
3645

5862
94

3323
3

2040

9572
20

2472
253

5218
74

788
2

192
11
7

1308

0.0 19.00
0.0 682.00
0.0 1.00
0.0 1.00
0.1 1293.73
0.0 3062.00
0.1 6149.82
0.0 390.00
0.0 265.00
27.8 10216723.27
0.5 721412.91
0.0 205.00
1.8 57899.45

2.9 61841.8.55
0.0 22246.00
1..6 1032594.73
0.0 50.00
1.0 2188.00

4.7 61(J588.46
0.0 J.oo
1.2 864.00
0.1 252.00
2.6 1.281550.82
0.0 172.73
0.4 1285.00
0.0 2.00
0.1 122.00
0.0 41.00
0.0 10.00
3.6 55042.82

0.00
0.00
0.00
0.00
0.01
0.02
0.03
0.00
0.00

56.24
3.97
0.00
0.32

3.40
0.12
5.68
0.00
0.01

3.36
0.00
0.00
0.00
7.05
0.00
0.01
0.00
0.00
0,00
0.00
0.30

0.0001
0.0054
0.0000
0.0000
0.0011
0.0074
0.0058
0.0044
0.0059
2.4628
0.3069
0.0050
0.0200

0.2784
0.2734
0.3292
0.0012
0.0029

0.1823
0.0000
0.0011
0.0015
0.6182
().0023
“o. 0(341
0.0000
0.0001
0.0(302
0.0002
0.2463

0.00000
0.00014
0.00000
0.00000
0.00026
0.00063
0.00126
0.00008
0.00005
2.09098
0.14765
0,00004
0.01.185

0.12657
o.ol)455
~.~1~33
0.00001
0.00045

o&~~496
0.00000
0.0001.8
0.00005
(’).2~~~9
0.01)004
0.00026
0,00000
0.00002
0,00001
0.(10000

“().01127

6.47
2.77

50.00
50.00
0.11
0.04
().~j

0.00
0.00

61.04
1.12
0.00
3.91

6.29
0.10
3.56
0.00
2.19

~o.~7
ooo~
2.65
o.~~
5. (10
0.08
0.85
0.00
o.~]
0.01
0.01
1.40

0.17
6.00

50.00
50.00
0.01
~.~~
0.04
0.00
0.00

69.82
L.93
0.00
0.40

4.23
0.15
7.06
0.00
0.01

L.17
0.00
0.01
O.i)O’
8.76
O.l)n
0.01
0.00
0.[)0
0.00
0.00
0.38



APPENDIX TABLE III (Continued)

glln 2 for* glmp
occurrence for all Z Pl)vlum :. Phylum

Taxonomic Name count z count Wei~ht (g.)_ % Total. Wt. _____stations. ,_— stations Co[lnt Ucicht

Chordata: Ascidiacea 115 0.1 122814.00 0.68 0.0428 0.02514 1.54 40. (.$
Cklyoso?wl  Sp. 20 0.0 2938.00
ChQl~,eCmYl  CO,?wnbianwn

0.02 0,0096 0.00060 0.27 ().~7
4 0.0 265.00 0.00 0.0036 0.00005 0.05 0.09

Chel;40soma  orientale 122 0.1 520.00 0.00 0.0072 0.00011 1.63
Styelidae 208

0.17
0.1 2990.00 0.02 0.0076 0,00061

Styela nacrenteron
2.78

5525
ocq~

2.7 139564.00 0.77 0.0534 0.0.!856 73.s5
Felcwaia corrti~atu 16 0.0 58.00 0.00 0.0002

ib.l!)
0.00001 ~.~1 0.().?

231tenia ovifera 237 0.1 19986.00 0.11 0.0188 0.00/409
2~ltetiia  echin~tu

3.17 ().(!1
1168 0.6 2391.00 0.01 0.0074 0.00049 15.61 0.79

Ex20cy2tljia sp. 1 0.0 350.00 0.00 0.0078 0.00007 0.01 0.1.!
~z!QYJnthia  QUrantim 63 0.0 10286.00 0.06 0.0234 0.00?11 0.8L
Salpidae

3.”,0
2 0,0 2.00 0.00 0.0001 0.00000 0.03 0.00

*Biomass listed here is only for those stations where the respective taxa occurs; not rIll stntlons.



APPENDIX TABT~E IV

Occurrence of Fach Species in the Chukchl Sea - Kotzebue Sound
area, September-October, 1976

A total of 70 stations were occupied. Taxonomic names represent
the lowest level of identification.

Taxonomic Name- Cumulative Occurrence % of all Occurrences

Porifera
Micwociona sp.
Mierociona Lambei
Phakellia sp.
Halichondria sp.
Hydrozoa
Abietinaria SP.
Scyphozoa
Eunephtihgja rubiformis
Sto~hia sp.
Stomphia coec;nea
Actiniidae
TeaZ~a crass~corn~s
Rhynchocoela
Polychaeta
Polynoidae
.Eunoe ciep?essa
(%ttyana ciliata
Nepeis SP.
I@?htys Sp.
Bra& inhabilis
Brada ochotensis
Sternaspis scutata
Idunthyrsus  armatus
Cistenides  hyperborea
Au@aretidae
Amphitrite cirrata
Chone cincta
Potamilla sp.
Serpulidae
Ischnochiton  albks
Nucula tenuis
NucuZana fossa
Yoldia h.ypepbopea
~y-tilus edulis
IUuseulus nigep
Musculus  discors
Afodiolus rnodiolus
ChL2nll{s Pubida
chlam>s islandica
ChkmDs bel’ingiana
Astar*te  bowalis
Astaz~te  montagui
Cyclocardia  SP.

3
1
1
3
2
2
1

26
24
7

14
32
1
3
1

48
3
1
1
3
1
1
2
1
1
1
1
1
2
1
1
4
6
1
1
3
8
1
1
2
1

12
2
1

0.157
0.052
0.052
0.157
0.105
0.105
0.052
1.363
1.258
0.367
0.734
1.677
0.052
0.157
0.052
2.516
0.157
0.052
0.052
0.157
0.052
0.052
0 ● 105
0.052
0.052
0,052
0.052
0.052
0.105
0.052
0.052
0.210
0.314
0.052
0.052
0.157
0.419
0.052
0.052
0.105
0.052
0.629
0.105
0.052

% of all Sta.2

4.286
1.429
1.429
4.286
2.857
2.857
1.429

37.143
34.286
10.000
20.000
45.714

1.429
4.286
1.429

68.571
4.286
1.429
1.429
4.286
1.429
1.429
2.857
1.429
1.429
1.429
1,429
1.429
2.857
1.429
1.429
5.714

11.429
1.429
1.429
4.286

11.429
1.429
1.429
2.857
1.429

17.143
2.857
1.429

462



APPENDIX TABLE IV (continued)

Taxonomic Narnc Cumulative Occllrrence % of all Occurrences

Cycloeapdia  ventr71cosa
Cyelodzrdia  cpebrwkostata
Cyeloccwdia  crazzidens
Clinocardium  cil<atum
Clinocazdium  nuttallii
Clinocardiwn californiense
Semipes gpoenlandicus
Liocyma fluctuosa
Spisula polynyma
Macoma SP.
Maeoma calcarea
Macoma bpota
Mya japonica
Hiatella apctica
Panomya arctica
Gastropod
Margurites giganteus
Solapiella  obscuxa
So2apiella  varicosa
Tachyqnehus ?eticulatus
CpepiduZa grandis
Tricl-zotropis bicarinata
Natica clausa
Natiea wssa
PoZinices pallida
Piliscus commodum
Velutina sp.
Velutina plicatilis
Velutina undata
Bopeot~ophon  clatlwatus
Buccinum angulosw
Buccinum scalariforme
Bucci}wm glaciale
Buccinum  solenum
Buccinum polare
Buccinum tenellum
Ancistpolepis SP.
Ancistpolepis  magna
Bepingius crehricostatus
Bepingius  herin~;i
Colus Sp.
COZUS s~’<tz[wqensis
Colus hypolis~us
Mohnia eorhis
Neptunw l~trata
Neptzolc,z Lwntl’ieosu
Ne~~tun~’a  eomvru}~;s

borealis

2
1
3

23
1
5

29
2
2
3
5
4
1

20
1

10
1
1
1
1
3
2

11
1
8
1
1
7
1
2

10
16
1
4

11
6
3
1
1

36
1
4
7
1
~

36

19

0.105
0.052
0.157
1.205
0.052
0.262
1.520
0.105
0.105
0.157
0.262
0.210
0.052
1.048
0.052
0.524
0.052
0.052
0.052
0.052
0.157
0.105
0.577
0.052
0.419
0.052
0.052
0.367
0.052
o* 105
0.524
0.839
0.052
0.210
0.577
0.314
0.157
0.052
0.052
1.887
0.052
0.210
0.367
0.052
0.105
1.887

0.996

Z of all Sta.

2.857
1.429
4.286
32.857
1.429
“7.143
41.429
2.857
2.857
4.286
7.143
5.714
1.429

28.571
1.429

14.286
1.429
1.429
1.429
1.429
4.286
2.857

15.714
1.429

11.429
1.429
1.429

10.000
1.429
2.857

14.286
22.857
1.429
5.714

15.714
8.571
4.286
1.429
1.429

51.429
1.429
5 ● 714

10.000
1.429
2.857

51.429

27.143

463



APP~IX TABLE IV (continued)

Taxonomic Name Cumulative Occurrence % of all Occurrence

Neptunea heros
PZicifusus  brunneus
PyruZofusus  deformis
Volutopsius SP.
VoZutopsius  fra@Zis
Admete couthouyz
Dorididae
Dendronotus sp.
Toehuina  tetraquetra
octopus Sp.
Balanus SP.
BaZanus balanus
BaZanus rostratus
Nysidae
Cumacea
Isopoda
Saduria =entomon
Amphipoda
Eusiriciae
Rhaehokpopis sp.
Melita sp.
Mezita dentata
Anonyx sp.
S&egoeephalopsis aqmlla
Stegoeephalus  inflatus
Pandalus  SP.
Pandiz2us gon;urus
Spirontoearis SP.
Spirontoearis  murdochi
Spirontoearis  areuata
Lebbeus groenlandica
Eualus gaimardii  bekheri
Heptacarpus sp.
Crangon da2Zi
Selerocrangon  boreas
Argis hr
Argis erassa
Pagurus capillatius
Pagurus trigonocheirus
Pagur-us rathbuni
Labidochirus  spZendescens
Hapalogaster grebnitzkii
Paralithodes camtschatica
paralithodes platypus
ParaZithodes brevipes
h’yas sp.
Hyas coarctatus

44
1
7
3

14
1
2
8
4
5
6
7
3
1
1
2
1
3
1
2
1
3

10
1
8
1

17
1
1
7

11
11
1
8

22
64
2

55
69
12
56
1
5
2
1
1

2.306
0.052
0.367
0.157
0.734
0.052
0.105
0.419
0.210
0.262
0.314
0.367
0.157
0.052
0.052
0.105
0.052
0.157
0.052
0.105
0.052
0.157
0.524
0.052
0.419
0.052
0.891
0.052
0.052
0.367
0.577
0.577
0.052
0.419
1.153
3.354
0.105
2.883
3.616
0.629
2.935
0.052
0.262
0.105
0.052
0.052

alutaceus 66 3.459

% of all Sta.

62.857
1.429

10.000
4.286

20.000
1.429
2.857

11.429
5.714
7.143
8.571

10.000
4.286
1.429
1.429
2.857
1.429
4.286
1.429
2.857
1.429
4.286

14.286
1.429

11.429
1.429

24.286
1.429
1.429

10.000
15.714
15.714
1.429

11.429
31.429
91.429
2.857

78.571
98.571
17.143
80.000
1.429
7.143
2.857
1.429
1.429

94.286

464



APPENDIX TABLE lV (continued)

Taxonomic Name Cumulative Occurrence Z of all Occurrence

Chionoecetes  opilio
Telmessus eh.eiragonus
Golfingia margaritacea
E’ehiurus eehiwus

alaskensis
Ectoprocta
Flustridae
E’lust~a  sp.
Dend.robeania  sp.
D-iapepoe?cia sp.
Heteropora sp.
Alcyonidim SP.
AZeyonidiwn disciforme
AZcyonidiwri vermieulare
Hen.ricia sp.
Henrieia  der~ugini
Pteraster  obscurus
Crossaster papposus
SoZaster sp.
Solaster  endeca
Asterias sp.
Asterias amurensis
Asterias  rathbuni
Evasterias  echinosoma
Leptasterias sp.
Leptasterias  polaris

acervata
Lethasterias  sp.
Lethasterias nanimensis
Ec5inoidea
Echinarachnius  parma
St~ongylocentrotus

droebachiensis
Amphipholis  sp.
Gorgoxocephalus  caryi
Ophiopholis aculeata
Ophiura sarsi
Stegophiu~a  nodosa
Cucumaria  SP.
Cucumaria calcigera
Psolus iaponica
Chordata: Ascidiacea
Chelyosoma  sp.
Chel~yosorna  orientale
Styelidae

67
21

6

11
8
3

17
2

10
1
4
1

13
16
1

33
37
1
1
2

51
4

34
44

60
1

44
1
2

50
1

38
2

39
8
6
1
7

36
15
4
9

3.512
1.101
0.314

0.577
0.419
0,157
0.891
0.105
0.524
0.052
0.210
0.052
0.681
0.839
0.052
1.730
1.939
0.052
0.052
0.105
2.673
0.210
1.782
2.306

3.145
0.052
2.306
0.052
0.105

2.621
0.052
1,992
0.105
2.044
0.419
0.314
0,052
0.367
1.887
0.786
0.210
0.472

% of all Sta.

95.714
30.000
8.571

15.714
11.429
4.286

24.286
2.857

14.286
1.429
5.714
1.429

18.571
22.857
1.429

47.143
52.857
1.429
1.429
2.857

72.857
5.714

47.571
62.857

85.714
1.429

62.857
1.429
2.857

71.429
1.429

54.286
2.857

55.714
11.429
8.571
1.429

10.000
51.429
21.429
5.714

12.857

465



APPENDIX TABLE IV (continued)

Taxonomic  Name Cumulative Occurrence % of all Occurrence

Styela macrenteron 36 1.887

Pelonaia  corrugata 2 0.105

Boltenia  ovifc~a 31 1.625

Boltenia  echinata 20 1.048

Haloeynthia  au..rantim 6 0.314

Salpidae 3 0.157

1908

1 Cumulative occurrence
Total cumulative occurrence

2 Cumulative occurrence
Total No. of stations occupied

100%

X of all Sta.

51.429
2.857

44.286
28.571
8.571
4.286

--

466



Percentage
from all Stations

APPENDIX TABLE V

Composition of all Phyla by Family
in the Chukchi Sea - Kotzebue Sound area,
September-October 1976

Total No. of
individuals

Taxonomic Name (Count)

Porifera
(Unident. family)

14icrocionidae
Axinellidae
Halichondriidae
Hydrozoa
(Unident. family)

Sertulariidae
Scyphozoa
(Unident. family)

Nephtheidae
Actinostolidae
Actiniidae
Rhychocoela
(Unident. family)

Polychaeta
(Unident. family)

Polynoidae
??ereidae
Nephtyidae
Flabelligeridae
Sternaspidae
Sabellariidae
Pectinariidae
Ampharetidae
Terebellidae
Sabellidae
Serpulidae
Ischnochitonidae
Nuculidae
Nuculanidae
Mytilidae
Pectinidae
Astartidae
Carditidae
Cardiidae
Veneridae
Mactridae
Tellinidae
Myidae
Hiatellidae
Gastropod
(Unident. family)

758
3
9
6

3
1

167
926
727

7664

5

1
501

3
39
2

206
12
1

10
1

6406
100

4
1414

23
24
88

415
12

286
2
2

58
1

115

95

% Count

0.3731
0.0017
0.0044
0.0030

0.0015
0.0005

0.0821
0.4555
0.3578
3.7698

0.0025

0.0005
0.2464
0.0015
0.0192
0.0010
0.1015
0.0059
0.0005
0.0049
0.0005
3.1512
0.0492
0.0020
0.6956
0.0111
0.0118
0.0433
0.2041
0.0061
0.1404
0.0010
0.0010
0.0285
0.0005
0.0566

0.0468

467

Wt. (gin) % wt.

71894.56 0.7523
248.90 0.0026
933.00 0.0098
415.00 0.0043

93.00
200.00

138996.00
14479.27
33971.95

238819.00

61.00

5.00
1258.89

12.00
241.25
20.00

156.25
10.00
1.00

18.00
2.00

12811.00
1.00
2.00

1607.00
25.50

191.94
6058.00
6151.67

85.44
8831.25

2.00
100.00

1763.25
45.00

185.00

6595.59

0.0010
0.0021

1.4544
0.1515
0.3555
2.4989

0.0006

0.0001
0.0132
0.0001
0.0025
0.0002
0.0016
0.0001
0.0000
0.0002
0.0000
0.1340
0.0000
0.0000
0.0168
0.0003
0.0020
0.0634
0.0644
0.0009
0.0924
0.0000
0.0010
0.0184
0.0005
0.0019

0.0690

~/m2

all Sta.

0.02455
0.00008
0.00032
0.00014

0.00003
0.00007

0.04746
0.00494
0.01160
0.08154

0.00002

0.00000
0.00043
0.00000
0.00008
0.00001
0.00005
0.00000
0.00000
0.00001
0.00000
0.00437
0.00000
0.00000
0.00055
0.00001
0.00007
0.00207
0.00210
0.00003
0.00302
0.00000
0.00003
0.00060
0.00002
0.00006

0.00225



APPENDIX TABLE V (continued)

Total No. of
individuals

Taxonomic Name (Count) % Count

Trochidae
Turritellidae
Calyptraeidae
Trichotropididae
Naticidae
Velutinidae
Muricidae
Buccinidae
Neptuneidae
Cancellariidae
Dorididae
Dendronotidae
Tritoniidae
Octopodidae
Balanidae
Mysidae
Cumacea
Isopoda

3
1
6

92
365
18
2

858
12564

2
2

17
5

16
1084

1
1

(U~ident. family) 2
Idoteidae 2
Amphipoda 229
Eusiridae 12
Gammaridae 5
Lysianassidae 146
Stegocephalidae 499
Pandalidae 1089
Hippolytidae 334
Crangonidae 15772
Paguridae 21107
Lithodidade 20
Maj idae 25554
Atelecyclidae 674
Sipunculida
(Unident. family) 10

Echiuridae 31
Flustridae 17
Alcyonidiidae 28
Echinasteridae 911
Pterasteridae 230
Solasteridae 480
Asteridae 28683
Echinarachniidae 3
Strongylocentrotidae8795
Amphiuridae 5
Gorgonocephalidae 1285

0.0015
0.0005
0.0030
0.0455
0’1795
0.0088
0.0010
0.4222
6.1802
0.0010
0.0010
0.0084
0.0025
0.0078
0.5332
0.0005
0.0005

0.0010
0.0010
0.1126
0.0059
0.0025
0.0718
0.2455
0.5357
0.1643
7.7585

10.3826
0.0098

12.5701
0.3317

0.0049
0.0154
0.0084
0.0140
0.4480
0.1131
0.2362

14.1094
0.0015
4.3263
0.0025
0.6323

Wt. (gin) % wt.

91.00 0.0010
45.00 0.0005
57.00 0.0006
276.88 0.0029
3966.25 0.0415

41.94 0.0004
90.00 0.0009

14842.50 0.1553
1176408.32 12.3094

1.00 0.0000
11.00 0.0001

445.00 0.0047
1170.C)O 0.0122
913.20 0.0096
2058.00 0.0215

1.00 0.0000
1.00 0.0000

2.00 0.0000
5.00 0.0001

456.00 0.0048
7.00 0.0001
4.00 0.0000

372.44 0.0036
2202.00 0.0230
1095.00 0.0115
1691.51 0.0177

100308.16 1.0496
317578.95 3.3230
6873.00 0.0719

682138.71 7.1376
89507.00 0.9366

240.00 0.0025
818.50 0.0086
763.00 0.0080

9169.44 0.0959
8106.95 0.0848

13964.00 0.1461
20807.61 0.2177

4640093.92 48.5517
30.00 0.0003

616152.68 6.4471
1.00 0.0000

331809.12 3.4719

gm/m2
all Sta.

0.00003
0.00002
0.00002
0.00009
0.00135
0.00001
0.00003
0.00507
0.40164
0.00000
0.00000
0.00015
0.00040
0.00031
0.00070
0.00000
0.00000

0.00000
0.00000
0.00016
0.00000
0.00000
0.00012
0.00075
0.00037
0.00058
0.03425
0.10843
0.00235
0.23289
0.03056

0.00008
0.00028
0.00026
0.00313
0.00277
0.00477
0.00710
1.58420
0.00001
0.21036
0.00000
0.11329

468



APPENDIX TABLE V (continued)

Total No. of
individuals

Taxonomic Name (Count) % Count

Ophiactidae 45 0.0221
Ophiuridae 20047 9.8613
Cucumariidae 63 0.0310
Rhodosomatidae 15481 7.6154
Styelidae 5822 2.8641
Pyuridae 19018 9.3552

gm/m2
Wt. (gin) % wt. all Sta.

70.00 0.0007 0.00002
80374.75 0.8410 0.02744

808.63 0.0085 0.00028
466460.46 4.8808 0.15926
198733.12 2.0794 0.06785
219690.51 2.2987 0.07501

469



APPENDIX TAl\l.11 VI

Percentage Composition of all Phyla by Species from ail Stations in the Chukchi Sea - Kotzebue Sound area,
September-October, 1976.

Taxonomic names represent the lowest level of identification.

glm2 for* gfmz
Weight occurrence for all % Phylum

Taxonomic Name
% Phylum

Count .% Count—(- g) % Total Wt. stations stations count Wei.ht_— —-— —— .-—.

Porifera
Micmwc%ouz sp.
l.licpo~iona  lambei
Phzkellia SP .
~~lichondria  sp.
Hydrozoa
)Metinaria sp.
Scyphozoa
Ewzephth:,z  rubiforwtis
.%onplzia sp.
Sxmphia coccinea
Actiniidae
Teczlia  crassicomia
Rhynchocoela
Pnlychaeta
Polynoidae
ix)~e  de~ressa
~ztt~wu ciliata
!ie~eis sp.
I:qhtys Sp.
ErdZ inhabilis
Erczda ochotensia
lter?zqx;s scutata
Iclmthyzwus  armatus
Cictenidm h~perbo~ea
Ampharetidae
L“;. hitrite cirrata
Ci:one cinstu
Fotamillfi  sp.
Serpulidae
Gchnoch{ton  albus
M.cuts tenuis

758 0.4
2 0.0
1 ().0
9 0.0
6 0.0
3 0.0

(3.0
16; 0.1
926 0.5
501 0.2
226 0.1

7662 3.8
1 0.0
5 0.0
1 0.0

354 0.2
142 0.1

5 0.0
3 0.0

39 0.0
1 0.0
1 0.0

206 0.:
12 0.0
1 0.0

10 0.0
1 0.0
1 0.0

6405 3.2
100 0.0

4 0.0
1414 0.7

71894.56
243.90

5.00
933.00
415.00
93.00

200.00
138996.00
14479.27
23253.oO
10718.95

238729.00
90.00
61.00
5.00

797.89
396.00
65.00
12.00

241.25
8.00

12.00
156.25
10.00
1.00

18.00
2.00
1.00

12810.00
1.00
2.00

1607.00

0.75
0.00
0.00
0.01
0.00
0.00
0.00
1.45
0.15
0.24
0.11
2.50
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
().13
0.00
0.00
0.02

0.6119
0.0060
0.0001
0.0086
0.0051
0.0011
0.0047
0.1329
0.0166
0.0757
0.0206
0.1864
0.0028
0.0007
0.0002
0.0004
0.0039
0.0016
0.0003
0.0019
0.0002
0.0004
0.00?0
0.0002
0.0000
0.0004
0.0001
0.0000
0.1669
0.0000
0.0000
0.0113

0.02455
0.00008
0.00000
o.0003~
0.00014
0.00003
0.00007
0.04746
0.00494
0.00794
0.00366
0.08151
0.00003
0.00002
0.00000
0.00027
0.00(314
0.0000?
0.00000
0.0000s
0.00000
0.000(1(3
0.00005
0.00000
0.00000
0.000oi
0.00000
0.00000
0.004”37
0.00000
0.0(’)000
0.00055

97.63
0.31
0.13
1.16
0.77
0.03
0.01
1.76
9.76
5.28”
2.39

80.76
0.01

100.00
0.01
4.86
1.95
0.07
0.04

,().54
0.01
O.OP
2.s3
0.16
1).ol
0.1$
0.01
().01

S7.96
1.37
0.0’2
8.5S

97.83
0.33
0.01
1.27
0.56
0,(12
O.(lj

32.59
3,39
5.$5
2.51

55.97
o.~~

loo.(~o
0.03
5,.’+9
2.7?
0.45
0.0s
1.66
0.06
0.11s
1.07
0.07
o.~~
().1~
0. )1
().()1

8$.12
0.01
0.1)0
0.11



APPENDIX TABLE

Weight
Taxonomic  Name count % Count-.— (fil_

21 0.0
1 0.0
1 0.0
3 0.0

19 0.0
1 0.0

20 0.0
65 0.0
3 0.0

412 0.2
3 0.0
2 0.0
3 0.0
2 0.0
5 0.0

78 0.0
1 0.0

27 0.0
179 0.1

2 0.0
2 0.0

22 0.0
17 0.0
19 0.()
1 0.0

114 0.1
1 0.0

95 0.0
1 0.0
1 0.0
1 0.0
1 0.0
6 0.0

92 0.0
223 0.1

23.50
2.00

15.00
95.00
76.94
5.00

400.00
5498.00
16(3.00

6148.67
3.00

10.00
14.00
4.00

57.44
1590.00

25,00
613.00

6603.25
2.00

100.00
913.00
~/16.2J
504.00
45.00

1 bO .00
25.00

6595.59
45.00
1.00,

45.00
45.00
57.00

276.88
231.3.00

VI (continued)

glm2 fOr* glmz
occurrence for all % Plivlum Z Phylum

% Total Wt. stations stat iOns Count— -- —. Weight- . . . — . —  —  —

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.02
0.00
(). 01
0.07
0.430
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.02

0.0001
0.0001
0.0003
0.0008
0.0002
0.0002
0.0098
0.0658
0.0039
0.0128
0.0000
0.0002
0.0002
0.0001
0.0005
0.0017
0.0005
0.0035
0.0059
0.0000
0.0011
0.0084
0.0019
0.0033
0.0011
0.0002
0.0007
0.0159
0.0017
0.0000
0.0017
0.0011
0.0004
0.0034
0.0058

0.00001
0.00000
0.00001
0.00003
0.00003
0.1)0000
0.00014
0.0!’ 188
0.00005
0.00210
0.00000
0.00000
0,00000
0.00000
0.00002
0,00054
0.00001
0.00021
0.00?25
0.(10000
0.1)0003
o.~~oo31
().(10012
o.floo17
o. !0002
o. 10005
0.’)0001
0.\t0225
0.00002
0.00000
0.00002
0.00002
0.00002
0.00009
0.00079

0.13
0.01
0.01
0.02
0.11
0.01
().12
0.39
0.02
2.50
0.02
0.01
o,o~
0.01
0.03
0.47
().[)1
().16
1.09
0.01
().[)]
0.13
0.10
o.1~
0.01
0.69
0.01
0.58
0.01
0.01
0.01
0.01
0.04
0.56
1.15

0.00
0.00
0.00
0.01
0.01
0.00
0.03
0.55
0.01
0.50
0.00
0.00
0. ()~
0.00
0.00
0.13
0.00
0.05
0.5G
0.00
0.01
0.07
0.03
0.0$
0.00
().()1
0.00
0.5A
0,00
0.00
0.00
0.00
0.,00
o.o~

0.19



APPENDIX TABLE

Weight
Taxonomic Name Count-— % Count Jk

Natica  russa
Po lini(ss Pullida
pilisc:.? conunodum
Ve2uti1 ~ sp.
VelUtii.~ plicatilis
Vektina undata
.%reotrophon  clathratus
Exwhvm angulosum
:7~g&?~p.y.q s~~l~~<fo~~
Bu:cinun  gbciale
Bueci?nm solenw
Buccinuv  poZare
btizcinuw tenellwn
An~istrolepis SP.
Aneistrolepis nw3na
Beringiuz cre.klcostitus
Eetizgiun bem”rigi
cGlus 5P.
colus spitzbergeneia
Colus kJ;;olisg4s
Mhdia corbis
Heztunea  LyPata
Ile?tunez  ventricosa
IJeptuna conummis borea~ia
:kztwzec berm
pl~~ifm{s brwmeus
?-rwlofusus de fcwmie
vE21w$o@a3 Sp.
~oltito~cias frzgilis
A@?ete couthouyi
Dorididae
Dendronqtus sp.
Tochuin# tetnquetzw
Octopu Sp.

7

2

1:
2

213
241

90
30

197
‘ 81

6
3
2

340
1

10
42
11
4

1857
197

9671
1

157
75

185
2
2

17
5

16

0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.9
0.1
4.?
0.0
0.1
0.0
0.1
0.0
0.0
0.0
0.0
0.0

93.75
1559.50

2.00
2.50

35.44
2.00

90.00
4717.00
3944.00
1180.00
1088.00
2900.00
1013.50
453.00
90.00
45.00

28897.(37
45.00

271.00
551.25
953.00
317.00

132807.25
3352.00

983728.50
45.00

9334.00
5035.00

10484.25
i.oo

11.00
445.00

1170.00
913.20

VI (continued)

glm? for* gtmz
occurrence for all % Phylum Z Phylum

% Total Wt. stations stations Count— . Weight.-————-—-—--.——..—:  -—- -—

(3.00
0.02
0.00
0.00
0.00
0.00
0.00
0.05
0.04
0.01
0.01
0.03
0.01
0.00
0.00
0.00
0.30
0.00
0.00
0.01
0.01
0.00
3.39
0.04

10.29
0.00
0.10
0.05
0.11
0.00
0.00
0.00
0.01
0.02

0.0026
0.0055
0.0001
0.0001
0.0001
0.0000
0.0011
0.0121
0.0063
0.0290
0.0080
0.0077
0.0043
0.0040
(1 .0028
0.0012
0.0?00
0.0012
0.0016
0.0021
0.0192
0.0038
0.0938
0.0045
0.5815
0.0011
0.0351
0.0391
0.0187
0.0000
0.0001
0.0014
0.0076
0.0051

0.00003
0.00053
0.00000
0.00000
0.00001
0.00000
0.00003
0.00161
0.00135
0.00040
0.00037
0.00099
0.00035
0.00015
0.0003
0.00002
0.00<187
0.00002
0.00009
0.00019
0.00033
0.00011
0.04534
0.00114
0.33586
0.00002
0.00319
0.00172
0.00358
0.00000
0.00000
0.00015
0.00040
0.00031

0.08
0.79
0.01
O.OJ
0.07
0.01
0.01
1.33
1.46
0.55
0.18
1.19
0.49
0.0$
0.02
0.01
2.06
0.01
0.06
0.26
0.07
0.02

1’1.26
].],)

58.65
0.01
(-).~5
0.45
1.1?
0.01
0.01
(3.10
0.03
0.10

11.01
0.13
(1. 00
(). 00
0.00
().00
[).(11
0.38
0.3.?
0.10
0.(19
0..?%
0.08
0.04
0.01
0.00
2.35
0.00
o.~~
0.04
0.(13
0.03

l(j.$~
0.27

79.~~s
0.(1.)
0 . 7 6
0.’11
().~j

0.())
0.0,1
O.OL
0,10
0.07



APPENOIX TABLE VI (continued)

.qImz frir* glm2
weight occur$ ,.nce for all Z Phylum % Phylum

Taxonomic Name Count % Count 161————% Total Wt. stq~ f lnJs stations Collllt Wet~,l)t. — —  — — _ .  — — - _ — . - — .

L?alunw  sp.
Pczl.anus  bzlanus
Lkllcnlua rostratue
Nysidae
Cumacea
Isopoda
$zG:’:ria entomon
Amph ipoda
Eusiridae
fih~>hc$rc;:is sp.
!.tel!~~  sp.
;.!e lita u’entuta
Lm.>z  Sp.
Zte~oce@alo@s  ampulla
Zte?ocephalus infZatua
F2W:Z1UG Sp.
.%ndaluo goniurus
5:. iwntocaris sp.
.$~imntocamk murdochi
~~~~’onticatic  a~m~
Leokeus ~roenlandica
fiwz?us  gai.wzrdii belcheri
HeFtacarpa s p .
Ctwn~on  ckzlli
zckpocpcm~on  boreas
.@~iG lar
Arzis cwczza
~a~:wus cqillatua
Pa.prus trigmwcheirm
Pay@us  pathh~n{
Labidoehirus s~lendescens
Ha;.alogaster grebnitzki<
Paralithodes cwrtschatica

932 0.5
116 0.1
36 0.0
1 0.0
1 0.0
2 0.0
2 0.0

229 0.1.
9 0.0
3 0.0
1 0.0
4 O.fl

146 0.1
2 0.0

497 0.2
5 0.0

1084 0.5
1 0.0
1 0.0

26 0.0
226 0.l
69 0.0
11 0.0
25 0.0

7438 3.7
8286 4.1

23 0.0
7124 3.5

10851 5.3
691 0.3

2440 1.2
3 0.0
5 0.0

296.00
716.00

1073.00
1.00
1.00
2.00
5.00

456,00
5.00
2.00
1.00
3.00

342.44
10.00

2192.00
1.OO

1094.00
1.00

15.00
53.00

1535.51
80.00
7.00

74.00
47779.21
52314.95

140.00
87235.75

189951.85
8313.00
32073.35

20.00
2497.00

0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.01
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.50
0.55
0.00
0.91
1.99
0.09
0.34
0.00
0.03

0.0012
0.0(123
0.011B6
0.(),1()0
0.0!10(7
o .()!  Nlo
0.0001
0.0040
0.0001
0.0000
0.0000
0.0000
0.0009
0.0003
0. 0(-)80
0.0000
0.0017
0.0000
0.0006
0.0002
0.0037
0.0002
0.0002
0.0002
0.0553
0.0211
0.0019
0.0407
0.0702
0.0187
0.0146
0.0004
0.0137

0.00009
0.00024
0.00037
0,00000
0.00000
0.00000
0.00000
0.00016
0.00000
0.00000
0.00000
0.00000
0.00012
0.00000
0.00075
0.00000
0.00037
0.00000
0.00001
0.00002
0.0005?
0.00003
0.00000
0.00003
().01()”31
0.01786
0.00005
o.o~978
0.06’{s5
0.00?84
0.01095
0.00001
0.00085

1.’,0
0.17
0.(15
0.00
0.00
O.(1O
0.00
(-)O,jj
0.01
0.011
0.00
0.[)]
0.2;
0.00
0.75
0.01
1.03
0.0(1
0.(10
O.(-I4
0.3’$
0.10
0.02
0.04

11.1s
l~.:,~
0.0)

10.71
16.31
1.0’$
3.67
0.0(1
0.01

0.02
0.06
O.(W
0.00
0.00
0.00
0.00
0.04
0.(10
0.00
0.00
0.00
0.(13
0.00
0.1s
0.[)0
0.().1
0.1”’[)
O.(l,)
O.i_)ll

0.{3
0.01
o.(~o
0.,)1
J,~t7
4.J;
0.(11
7..’:

15.7’7
0.(9
2.1.6
0,[10

0.:1



APPENDIX TABLE

Weight

VI (continued)

glmz for* gfu?
occurrence for all % Phylum % Phylum

Tax~nomic Name Count % Count (g) % Total Wt. stations stations.—. Count Wei.@h t-. —— -... .—

11
1

61:
19433

614
10

31
9
3

17
2

11
4
5
1

22
898
12

230
467

7
6

941
10150
1789
561
725

12613
37

1866
2

0.0
0’0
0.0
3.0
9.6
0.3
0.0

0.0
0.0
0.0
0.0
O*O
0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.1
0.2
0.0
0.0
0.5
5.0
0.9
0.3
0.4

6.2
0.0
0.9
010

431.3.00
43.00

180.00
155029.85
526928.86
89507.00

240.00

81.8.50
259.88
207.00
763.00
14.00

1020.00
80.00

9127.00
2.00

40.44
7289.88
817.07

13964.00
13625.76
5365.85
1816.00

2Q7024.00
2048652.40
234037.00
368018.20
8763.79

1204691.00
11350.00
557557.54

150.00

0.05
0.00
0.00
1.62
5.51
().94
0.00

0.01
0.00
0.00
0.01
0.00
0.01
0.00
0.10
0,00
0.00
0.08
0.01
0.15
0.14
0.06
0.02
2.17
21.44
2.45
3.85
0.09

12.61
0.1.2
5.83
0,00

0.0477
0.0009
0.0042
0.0600
0.2020
0.1071
0.0010

0.0020
0.0008
0.0019
0.0012
0.0002
0.0026
0.0020
0.0570
0.0001
0.0001
0.0128
0.0201
0.0108
0.0090
0.1321
0.0383
2.6187
0.9980
1:5470
0.2743
0.0050

0.5163
0.3143
0.3189
0.0037

0.00147
0.00001
0.00006
0.05293
0.17990
0.03056
0.00008

0.00028
0.00009
0.00007
0.0(v)?6
0.00000
0.00035
0,00003
0.00312
0.00000
0.00001
0.00249
0.00028
0.00477
0.00465
0.00183
0.00062
0.07068
0.69944
0.07990
o.1~565
0.00299

0.41130
0.00388
0.19036
0.00005

().o~
0.00
0.02
9“. 18

29.21
1.01

100.00

100.00
12.61
4.01

22.70
2.67

14.69
5.34
6.6S
1.34

29.97
1.48
1).o~
0.38
0.77
0.01
0.01
1.55

16.72
2.95
(),92
1.19

20.77
0.06
3.07
0.00

0.36
0.00
0.01

12.87
43.76
7.43

100.00

100.00
2+26
1.80
6.63
0.12
8.86
0.69

79.27
().o~
0.35
0.13
0.01
(j,~~
o.~4
0.09
0.03
3.59

35. Si
5.06
6.39
0.15

20.90
0.20
9.67
0.00



APPENDIX TABLE VI (continued)

D
-l
m

TaxonOmic Name,

Ech!narachnius parma
Strwrlgylocentrotus

droe3Gc;&%wif3
im~hipholis  sp.
f.7r30n0cevhalu.s ca~~
0phiopho2~s  aculeati
Ophiwr~ scmsi
Ste20phiura nohsa
Cucwnaricl Sp.
Cu~ti?aria caloigera
Psolus japonica
Chordata:  Ascidiaceq
Chelyosoma sp.
caelyoso~a otientale
Styelidae
zt~dela  wz~penteron
klonczia corrugata
BolteniQ ovifezw
Boltenia echinata
H~locynthia  aurantlwm
Salpidae

Count -

3

8795
5

1285
45

19956
91
61

2
171

67
7509
7972

107
5820

2
481

17391
1146
1385

Weight
% Count._..—Al_

0.0 3.00

4.3 616152.68
0.0 1.00
0.6 331809.12
0.0 70.00
9.8 80328.75
0.0 46.00
0.0 778.63
0.0 30.00
0.1 51185.12
0.0 40694.00
3.7 439444.12
3.9 27016.34
0.1 4803.00
2.9 198727.12
0.0 6.00
0.2 28429.17
8.6 35412.34
0.6 155849.00
0.7 2770.00

% Total Wt— — L . -

0.00

6.45
0.00
3.47
0.00
0.84
0.00
0.01
0.00
0.54
0.43
4.60
0.28
0.05
2.08
0.00
0.30
0.37
1.63
0.03

gfm2 for*
occurrence
etations—-. ..—-—

0.0006

0.3114
0.0000
0.2343
0.0008
0.0526
0.0001
0.0034
0.0008
0.1785
0.0282
0.7178
0.1760
0.0125
0.1384
(). 0001
0.0237
0.0465
0.6835
0.0273

ghnz
for all

stations. . ..——

0.00001

0.21036
0.00000
0.11329
0.00002
0.02743
0.00002
0.00i127
0.00001
0.01748
0.01389
0.15003
0.00922
0.00164
0.06785
0.00000
0.00971
0.01209
0.05321
0.00095

% Phylum
COun t.——-..—-.

0.00

14.48
0.01
2.12
0.07
32.87
0.15
0.10
0.00
om~g
0.16

17.93
19.04
0.?6

13.90
0.00
1.15

41.53
2.7&
3.31

1 Phylum
I!e i Eh t.-.—-- .——

0.00

]0.69
0.00
5.76
0.0’.)
1.39
0.00
0.01
0.00
0.s9
4.36

$7.09
~m{)lJ
0.51
?1.30
0. (m
3.(13
3.79

16.70
0.30

*Biomass listed here is only for those stations where the. respective taxa occurred; not all stations.



APPI?NOIX TABLE VII

Summary of Prey Items of PZatichtltys eteZlatu6)  by Frequency of Occurrence, Number, Volume, and Relative
Importance from Norton Sound, Port Clarence, and Southeastern Chukchi Sea

Sample@ taken from September 4 through octobcr 4, 1976 at stations c-61, D-9, C-63, C-64, A-52, and A-53.

Avg Length Avg Weight Avg FUI1 % Freq. Frc.q.  of % by NO. No. of x hv Vul. vol. of Importance
Taxon-Prey Items of Pred., mm of Pred., g of Prcd Z of Taxon Taxon of Taxon Taxon Of T,~~On Taxon (ml) of Taxon

Rl]ynchacoela

Polychaeta

:J@~?’: 5P.

.’!~,rkt:h.  r{ckettsi

(XL4cin2  armigera

hvbr;?e~is sp.
Stwnwpis  scutata

Arenicqla glacialis

.s Pectin:lriidae

: Ciste}l:des  hyper.bores

L:]sip;e hbiata
PeIecypoda

YcJ2dia Sp.

Yolc?ia kyperborea
Yoldiu  serrinda
!.!7A&?C?t4?L43 @ep

Mo3culus cmvwgatua

C:plocqrclia gentrtcona

Clinoc~rciium  ciliatum
.%rti,ros gPoenlandicus

I.!;!a sp.

410.0

333.8

390.0

290.0

360.0

360.0

323.1

440.0

320.0

324.3

280.0

322.5
340.0

324.6

290.0

355.0

310.0

530.0

317.5

324.9

322.1

1222.0

562.0

806.0

339.0

750.0

75.9.0

483.6

1320.0

415.0

483.7

252.00
533.0
550.0

490.9
324.0

680.0

354.0

2500.0

461.3

503.1

448.5

75.0

54.7

100.0

0.0

25.0

25,0

53.5

25.0

50.0

5i) .9

0.0
43.8

25.0

51.7

50.0

57.5

25.0

1.00.0
68.8

50.0

50.0

0.57 1.

9.09 16

0.57 1

0.57 1

0.57 1

0.57 1

20.45 36

0.57 1

1..14 2

15.34 27

0.57 1

2,27 4

0.57 1

65.34 115

0.57 1

5.68 1.0

0.57 1

0.57 1

2.27 4

7.95 14

6.82 12

0.01

0.59

0.01

0.01

().01

0.01

1.05

(3.01

0.95

3.03

0.07

0.04

0.03

9.83
(3.04

0.13

0.01

0.01

0.06

0.15

0.13

1

57

1

1

1

1

101

1

91

291

7

4

3

963

4
12

1

1

.6

14

12

0.Z8

o..t9

().06

0.01

n. f-)1

o. 0?

0.67

0.67

0.39

1.61

0.01

0.04

0.17

28.76

0.39
0.39

0.01

0,01

0.06

0.42

5.0

8.7

1.0
a= ~

0.2

0.4

12.0
1~.o

7.0

2s.8

0.1

0.7

3.0

51$.7

7.0

6.9

0.1

0.1

1.0

7.6

4.s

0.16
9.~~

0.04

0.01

0.01
(),()?

35.25

0.39
1,5?

71.23

0.0$

0.18

0.11

25?1.62

0.?5

?.90

0.01

0.01

0.2i

4.55

2.68



APPEND I X TANLE VII

Continlmd

Avg Length Avg Weight Avg Full % Freq. Freq. of % hy No. No. Of z by vol. 1’01. of Importance
Taxon-Prey Items of Pred., mm of Pred., g of Pred % of Taxon Taxon of Taxon Taxon of Taxmn Taxcm (ml) of Txxon

Lyonsiu norvegieu
Naticidae

Polinices paZli&

Admete sp.

c:, lichnl ocwu%ta

Crustacea

Leu?on Sp.
Liastv  Zic sp.>
D;22tyli8  sulcata

* .T!,~i,~>te~  no~~~o~a

: Amphipoda

Gammaridae

P.zvrtoporeia feniorata

[fippolytidae

Crangon  a p.

Cranyon  dalli

Avgic  lar

Chimoecetec  opilio

Echiurus  echiurus a i!udcenais

pri~~u Zus caudatus
Echinoiwchnius purwiu
Ophiuroidea

316.7

360.0

310.0

325.0

290.0

310.0

310.0

296.1

350.0

330.5

352.9

310.0

310.0

436.0

265.0

360.0

400.0

389.5

420.0

317.5

432.2

530.0

455.3

750.0

379.0

472.5

237.0

377.0

375.0

338.8

565.0

554.4

653.5

375.0

386.5

1299.0

308.5

666.0

1022.0

797.0

1.245.8

437.8

1501.0

2500.0

58,3

50.0

25.0

62.5

75.0

25.0

25.0

41.7

50.0

61.8

52.5

25.0

75,0

75.0

25.0

0.0

25.0

50,0

60.4

49.1

75.0

100.0

1.70 3

0.57 1

0.57 1

1.14 2

0.57 1

0.57 1

0.57 1

5.11 9

0.57 1

21.59 38

5.68 10

0.57 1

1.14 2

2.84 5

1.14 2

0.57 1

0.57 1

1.14 2

6.82 12

16.48 29

3.41 6

0.57 1

0.03

0.01

‘0.01

0.02
().Q1

0.01

0.02

0.28

0.05

0.74

0.23

0.01

0,03

fJ.06

0.02

0.01
().01

1.83
0.31

0.34

2.63

0.01

3
1

1

2

1

1
~

27

5

71

22

1

3

6

2

1

1

176

30

33

252

1

0.03
0.03

0.01

0.01
0.01
0.01

0 . 0 1

13.06

0.01

0.34

0.09

0.01

0.01

0.56

6.01
0. 0(1

0.01
1. ~q

7.63

1.97

13.3s

0.01

0.6

0.5

0.1
fi.~

0.1

0,1

0.1

1.1

0.1

6.0

1.6

0.1
o.?

10.0

0. .?

1.O

().5

3.! , n

136.5

35.2

239.5

0.1

0.11
f)of)~

0.01

0.06

0.01

0.01

0.02

1.75

0.03

23,22

1.81

0.01

0.05

1.77

(1. (l!l

(1.():

().(-)?

$.12

54.1$

38.08

54.58

0.01



APPI?NI)lx  TABLE VII

Continued

Avg Length Avg Weight Avg Ful] % Freq. Freq. of 7, hyNo. No. of z by vol. vol. of Importance
Taxon-Prey Items of Pred., mm of Pred., g of Pred % of Taxon Taxon of Taxon Ta xon o f  Tmon Taxon (ml) L>[ Taxon

Dicn@iodia craterodmeta
:tegqhiura nodosa

IJrochordata

Pei!oxzia  corrugata

Teleostei

%@:;43 gracil’is

!.~ozo~ephalw sp.

Pqezus  fabz%cii

TOTAL

9

329.1
400.0

440.0

360.0

400.0

430.0

400.0

369.0

lPredator  Data: t4ean length - 3h0.7 mm
Std. deviation - 54.2 mm
Median length - 330.0 mm

526.5

1035.0

1345.7

750.0

1000.0

1098.5

1.022.0

802.5

52.3

50.0

41.7

25.0

125.0

62,5

25.0

60.0

43.75

1..14

1.7(-4

0.57

0.57

1.14

0.57

5,68

Nean weight - 613.8 g
Std. deviation -405.0 g
?ledian weight - 460.0 g

77

2

3

1

1

2

1

10

76.31

0.32

0.08

0.04

0.10

0.02

0.01

0.22

?[ean fullness - 47.0%
Std. deviation - 31.8%
Number examined - 176

(includes 12 empty)

j’3~o

31

8

4

10

2

1

21

9592

28.40

1.18

().()2

0.03

1.40

$.25

0.48

3,k9

508.3

21.?

0.3

0.6

25.0
76.0

8.6
6~.j

1789.6

Sinistral  individuals - 64.77X
Dextrnl individuals - 35.23%

.’bj81.35

1.71

0.17

0.04

0.84

4.85
o.~9

21.09



APPEWDIX  ‘CAR1[[  VIII

Summary of Prey Items of !lale P2atichthys  ~tellatus 1 by F~eqtI~nCy Of Occurrence, Number,” ~’@lt~me
and Relative Importance from Norton Sound, Por’t Clarence, and Southeastern Chukchi Sea

Samples taken from September 4 through October  4, 1976 at stations C-61, D–9, c-63, C-64, A-52, A-5’i,  and A-53.

Avg Length Av~ Weight Avg Full % Freq. Freq. of Z by No.
Taxon-Prey Items

NO. of X by V,~l. !’,% I . ,.f Importance
of Pred., mm of Prrd., g of Pred % of Taxon Taxon of T:lx[m Tax<,n Or T.lx(lrl T:lXLMI (ml) (If T;IXOI)

Polychaeta

.Vqhtys  rickettsi
~termspis Mutata

Pectinariidae

““~s?erides  Lyperborea
:,?s<~~e i?abiatu.
Pelecypoda

YGliil Sp.

?Gldla  hyperborea

i’oldia setinwia
l.lumulus  niger
~Lin~eqpdi~ =iliat~

Zerm”pes g~oenkmdicus
:+a sp.

L:40nsia norwegica

Jfiete sp.

/,’jZi~fina  oce~lta

Crustacea

:.eucoz sp.

Uizst:zis sp.

l?iastylis sulcata

315.0

290.0

311.8

320.0

308.8

280.0

300.0

340.0

315.4

290.0

345.0

296.7

311.3

322.9

285.0

325.0

290.0

310.0

310,0

290.0

350.0

430.5

339.0

410.6

415.0

389.4

252.0

351.3

550.0

427,2

324 .()

632.5

340.7

394.6

466.3

326.0

472.5

237.0

377.0

375.0

311.1

565.0

54.2

0.0

52.1

50.0

51.6

0.0

25.0

25.0

47.9

50.0

54.2

58.3

45,(3

53.6

75.0

62.5

75.0

25.0

25.Il

40.6

50.0

11.32

0.94

22.64

1.89

15.09

0.94

2.83

0.94

80.19

0.94

5.66

2.83

9.43

6.60

1.89

1.89

0.94

0.94

0.94

7.55

0.94

12

1

24

2

16

1

3

1

85

1

6

3

10
7 ’

2

2

1

1

1

8

1

1.17

0.02

1.63

2.01

4.57

0.15

0.07

0.07

9.71

0.09

0.13

0,11

0.22

0.15

0,04

0.04

0.02

(’).02

0.04

0.55

0,11

5 ‘J

1

74

91

207

7

3

3’

440

4

6

5

10

‘7

2

2

1

1

2

25

5

0.s5

0.01

1.28

0.9”!
3.$?

0.[11

0.0.’/

0.$0

51.60

(-l. Q.’,

0. 3(1

0.1.?

().90

~.~~

0.03

0.03

(1.(-)1

0,01

0.01

0.1’3

0.01

6.3

0.2

9,5

7,()

25,4

0.1

0.3

3.0

386.2

7.0
~.:

0.9

6.7

2.1

Q.?

0,2

0.1

0.1

0.1

1.0

0.1

22.’3$
0. 1)5

65.92

5.57

120.55

0.16

0.30

0,44

4923.70
(3.,.7

2.L3

0.1:6

10.59
2.s9

0.13

0.13
0.(1]

0.03
0,05

5.18

0.12



APPINIDIX  TABLE VIII

Continued

—.
Avg Length Avg Weight Avg Full Z Freq. Freq. of Z by No. No. of % by VO1. vol., l>f Importance

Taxon-Prey Items of Pred., mm of Pred., g of Pred % of Taxon Taxon of Taxon Taxon of Taxon Taxon (ml) L>f Tax,~n

S/nitiotea nodulosa 310.8

‘Ampbipoda 343.3

Gammsridae 310.0
PoW9pore<a  femmata 310.0
Cum qon sp.. 265.0

Lciiitirus  eciziurus  alaskensia 250.0
Pi’ia;ulus  Caudatus 315.6

,k;a~ hiodicz  cmtezwineta 314.7

L-umpenua fahricii 303.3
TOTAL

lPredator Data: Nean length - 313.7 mm
Std. deviation - 31.8 mm o
Median length - 310.0 mm

404.4

584.3

375.0

386.5

308.5

200.0

420.6

432.9

375.0

54.0

62.5

25.0

75.0

25.0

75.0

48.6

47.6

41.7

23.58

5.66

0.94

1.89

1.89

0.94

16.98

50.00

2.83

!le.an weight - 419.1 g
Std. deviation - 149,0  g
Median weight - 390.0 g

25 0.91

6 0.31

1 0.02

2 0.07

2 0.04

1 0.02

18 0.42

53 77.17

3 0.09

llcan fullness - 42.7X
Std. deviation - 27.OZ
Number cx?mined  - 106

(includes 7 empty)

41 o.&7 3.5 32.&5

14 0.15 1.: 2.59

1 0.01 0.1 0,03

3 0.(33 o.? 0.18

2 0.03 o.? 0.13

1 1;10 8.2 1. (J6

19 3.18 23,6 61.0$

3496 31.31 232.7 5424.04

4 ~,~9 17.0 6.72

4530 763.3

Sinistr:]l Lnd I\, iduals - 58.49?;
Dextral  - 41.51%



APPENDIX TABLl?  IX

Summary of Prey Items of Female FL?aticht)zys s,5eZzafzs1  by Frequency of occurrence, Vunmci,;  l’olume
and Relative Importance from Norton Sound, Por t  C la rence ,  and S o u t h e a s t e r n  Chuhchi  Sea

S.]mples  taken from September 4 through October 4, 1976 at stations c-61, D-9, C-63, C-64, A-52, A-55, and A-53.

—— — .
Avg Length Avg Weight Avg Full % Frcq. Freq. of x by No. No. of 7: hy vol. vol. 0[ lmpOrtancc

Taxon-Prey items of Pred.,  mm of Pred.,  g of Pred Z of Taxon Taxon of Taxon Taxon of Taxon Taxcm (ml) of Taxvn

Rhynchocoela

Polychaeta

.’.’cL”hty?  S p .

Cl:>cinde arrigezw

:.x7mineri3 s p .

~:ernaspis  zcwtata

/IrenicoZa  gZaciaZis

cistenides fi,vpepbovea

Pelecypocla

Y%Zciia  h~perhorea

!.Ls5uZU3  niger

:.kxn4Zus  corrugates
q,czoc~rdi~ ventp;cosa
C~inoea~diUn ~iziat~

.l’erripez groenZandicus

!:.a Sp.

Qonsia mrvegica
:;,aticidae

F~Zinices pvZZida

[iast>Zis sp,
“.>li(l~tea  ?lo,luZosa,.,

410.0

390.0

390.0

360.0

360.0

3.45.8

440.0

346.8

390.0

350.7

370.0

310.0

530.0

380.0

358.8

321.0

380.0

360.0

310.0

345.0

368.5

1222.0
956.5

806.0

750.0

750.0
629.4

1320.0
620.7

]078.0
671.5

751.3

354.0

2500.0

805.0

774.3

423.6

714,0

750.0

379.0

560.0

842.8

75.0

56.3

100.0

25.0

25.0

56.3

25.0

50.0

100.0

62.5

62.5

25.0

100.0

100.0

62.5

45.0

25.0

50.0

25.0

50.0

76.9

1.43

5.71

1.43

1.43

1.43

17.14

1.43

15.71

1.43

1,;! .86

5.71

1.43

1.43

1.43

5.71

7.14

1.43

1.43

1.43

1.43

1s.57

1

4

1

1

1

12

1

11

1

:}0
4

1

1

1

4

5

1

1

1

1

13

0.02

0.08

0.02

0,02

0.02

0.53

0.02

1.66

0.02

9.94

0,12

0.02

0.02

0.02

0.08

0.10

0.02

0.02

0.02

0.04

0.59

1

4

1

1

1,

27

1

8$

1

503

6

1

1

1

4

5

1

1

1

2

30

0.48
0.23

0.10
~,()~

0.0$
o,~~

1.15

0.32
0.04

12.!87
0.45

0.01

0.01

0.01

o.o~

0.26

0.05

0.05

0.01

0.01

0. ?4

5.0

?.4

1,0

0.2

0.4

2. 5

12.0

3.$

0.4

110.5

L.7

0.1

0.1

0.1

0.9

2.7

0.4

0.5

0.1

0.1

2. 5

0.71

1.76

0.16

0.06

0.08

13.24

1.67

31.1s

0.0s

960..’.0

3.24

0.04

0.0$

o.@4

0.9$

2.55

0.08

0.10

0.0$

0.07

15. LA



APPENDIX TABLE ‘IX

Continued

Avg Length Avg Weight Avg Full % Frcq. Freq. of % by No. No. of % by VO1. V,ll: of Importance
Taxon-Prey Items of Pred., mm of Pred., g of Pred % of Taxon Taxon of Taxon Taxon Of T.mon Taxon (ml) of Tnxofi

Amphipoda

Hippolytidae

Crwn~on oklli

Argis Zar

CXonOecetes  opitio

Ed?iTPAS  echiurus alaskensis
Pr&+wlus  cawibtus
EcMnarachniue  par,ma
Ophiuroidea

.kiarphiodia mate~obeta
,?te:;qehiura  nodo,sa

Urochordata

Felonzia comugata

Teleostei

Ele:yinus  pacilis

L::,ozocephalus  6P.

Lwpenw j’abricii

TOTAL
—

367.3

436.0

360.0

400.0

389.5

435.5

320.6
432.2

530.0

360.9
400.0

440.0

360.0
.4(30. o

&30.o

400.0

397.1

lPredator  Data: Nt,an length - 381.7 mm
Std. deviation - 55.4 mm
I,fedian length - 380.0 mm

757.3

1299.0

666.0

1022.0

797.0

1340.9

466.0

1501.0

2500.0

733.2

1035.0

1345.1

750.0

1000.0

1098.5

id22.O

985.7

37.5

75.0

0.0

25.0

50.0

59.1

50.0

75.0

100.0

62.5

50.0

41.7

25.0

125.0

62.5

25.0

67.9

5.71

7.14

1.43

1.43

2.86

15.71

15.71

8.57

1.43

34.29

2.86

4.29

1.43

1.43

2.86

1.43

10.00

Mean weight - 908.7 g
Std. deviation - 484.2 g
iiedian weight - 80510 g

4 0.16

5 0.12
1. 0.02

1 0.02

2 3.48

11 0.57

11 0.28

6 4.98

1 0.02

24 75.54

2 0.61

3 0.16

1 0.08

1 0.20

2 0.04

1 0.02

7 0,34

Mean fullness - 53,6%
Std. deviation - 36.9%
Number examined - 70

(includes 5 empty)

8

6

1

1

176

29

14

252

1
3824

31

8

4

10

2

1

17

5062

0.05

11.96

(1.10

0.05

3.06
12.26

1,11
~~.89

0.01

26. 3f4

2.0’1

().03

0.06

2.39

7.26

(3.8:
4.35

0.5

10.0

1.0

0.5
3~.(J

128.3

11,6
‘V]9.5

0.1
?75.6

:1.?
0.3

0.6

?5.0

76,0

8.6

45.5

1046.3

1.18

7.67

0.16

0.10

18.67

201.70

21.77

23s.87

0.04

3403.1(,

7.5:*

0.80

0.19

3.70

20.87
l.~o

46.84

Sinistrill  individuals - 74.29:
Dextral individuals - 25.71%



APPENDIX ‘1’ABI.E X

Summary of Prey Items of PZat&?hthys  stezktus] by Frequency of Occurrence, Number, i’olu!w
and Relative Tmportancc  from Norton Sound

Samples taken from September 30 through October 4, 1976 at stations C-61 and D-9.

——
Avg Length Avg Weight AVR Full Z Freq. Freq. of ~ by No. N o ,  of

Taxon-Prey Items
Z by vol. v,.]. of Importance

of Pred., mm of Pred., E of I’red Z of T~xOn Taxon of Taxon Taxon of T.’ixon Taxon (ml) of Taxon

Rhynchocoela 410.0

Polychaeta 410.0

Cizten?;des  hypepborea 410.0

YoZiia  hyperborea 340.8
Cy,aZ0e,2p.J{a ~e~t~i~O~a 530.0
Se~ripe.~ groenZand<cus 371.5

.~yrbzrdote~ nodu Zo~a 470.0
Amphipt>cla 394.5

Crtnjv? daZZi 360.0
(%~znoc~etes  opi Zio 409.0
PriapuZtio caualztus 257.0
Eo;ukarachnius parma 446.6
Ophiuroidea 530.0
~;~~.~;~,=j;~  epatepo~ta 350.0

T(iTAL

lPr{.dater Ikata: Nean length - 380.6 mm—
Std. deviation - 68.5 mm
Nedi~n length - 360.0 mm

1222.0
1222.0
1222.0

622.7

2500.0

876.5

1861.0

864.5

666.0

1059.0

228.0

1651..2

2500.0

6f.I. .7

75.0

75.0

75.0

45.8

100.0

50.0

87.5

25.0
0.0

0.0

25.0

85.0

100.0

39.3

6.25

6.25

6.25

37.50
6.25

12.50

12.50

12.50

6.25

6.25

6.25

31.25

6.25

43.75

1

1

1
6

1
2

2

2

1

1

1

5

1

7

0.10

0.10

0.10

1.86

0.10

0.20

0.88

0.20

0.1.0

14.30

0.29

24.19

0.10

57.49

Ncan weij;ht  - 967.4 g Nean fullness - 45.3%
Std. devjation  - 693.6 g Std. dev[ntion  - 34.5%
Nedian weight - 649.0 g ?hmhcr  examined - 16

(includes 1 empty)

1

1

1

19

1
~

~

~

1

146

3

247

1

5s7

1021

1.58

0.06

0.03

4.52

(3.03

(3.19

(-i. 35
0.06
(),32

1.58
0..44

75.47

0.0;

15.35

5,0
().?

0.1

14.3
0.1

0.6

1,1
0.2

1.0

5.0

l,i
~]().o

0.1

L9.6

316.7

Sinistral lndii.  iduals - 93.75”
Ocxtral individuals - 6.13?

10.48

1.01

0.81

239.11

(1.81

.’+.82

15 .36

3.2!+

2.59

99.24

h.60

3113.30

0.81

31s6.6s



APPENf)IX  TABLE XI

Summary of Prey Items of l’lutichthy~  stc~latwfi 1 hy l?~q~,~ncy of  (kCUrtXnCC,  NUmhcr,  volume

and Relative Importance from Port Clarence

Samples taken from September 4 through September 17, 1976 at stations C-63 and C-64.

Avg Length Avg Weight Avg Full % Freq. Freq. of % by No. No. of % by Vol. vol. of Importance
Taxon-Prey Items of Pred., nun of Pred.,  g of Pred Z of Taxon Taxon of T~xon Taxon of Tnxon Taxon (ml) of Taxun

328.7

390.0

290.0

360.0

360.0

323.1

321.0

28I3. O

322.5

340.0

323.7

290.0

355.0

310.0

317.5

317.1

322.1

31.6.7
360.0

310.0

Z18. O

806.0

339.0

750.0

750.0

483.6

455.3

252.0

533.0

550.0

483.7

324.0

680.0

354. O

461.3

440.8

448.5

445.3

750.0

379.0

53.3

100.0

0.0

25.0

25.0

53.5

50.0

0.0

43.8

25.0

52.1

50.0

57.5

25.0

68.8

50.0

50.0

58.3

50.0

25.0

11.19 15

0.75 1

0.75 1

0.75 1

0.75 1

26.87 36

20.90 28

0.75 1

2.99 4

0.75 1

81.34 109

0.75 1

7.46 10

0.75 1

2.99 4

8.96 12

8.96 12

2.24 3

43.75 1

0.75 1

0.66

0.01

0.01
0.01

0.01

1.19

4.50

0.08

0.05

0.04

10.92

0.05

0.14

0.01

0.07

0.14

0.14

0.04

0.01

0.01

56

1

1

1

1

101

381

7

4

3

924

4

12

1

6

12

12

3

1

1

0.71

0.08

0,02
o,@~

0.03

1.00

2.96

0.01

0.06
n,~5

41,54

0.58

0.57

0.01
0.08

0.58

0.40

0.05
0.04

0.01

8,5

1.0

0.2
().?

O.h

12.0

35.7

0.1

0.7

3,0

5~11 .4

7.0

6.9

0.1

1.0

7.0

4.8

0.6

0.5

0.1

15.30

0.07

0.02
().~~

0.03

58.8?

155.99

0.07

0.31

0.21
4~~6.97

0.47

5.33
(-).o~

0.46

6.47
4,8L

0.19
0.04
fJ*o~



APPfINIJIX  ‘f’ARIJi  XI

Cent inned

Avg Length Avg Weight Avg h~l % Freq. Frcq. of Z by No. No. of Z by Vol. \’ol.  of lmpor Lance
TnxOn-Prey Items of Pred.,  mm of Pred., g of Pred % of Taxon Taxon of Taxon Taxon of T,axun Taxon (ml) of Taxon

L+!ete  Sp, 325.0
C~l<C;LIn oeculta 290.0

Crustacea 310 .0

~euem sp. 310 .0

Iriactjlic  sp. 296.1
.>ixty?ic wlcata 350.0

.“..w<?~!cz  zodulosa 322.8
Amphiprda 342.5

fAnmaridae 310.0

T9ntoporeia  femowta 310.0
l’rm?’y;~ Sp. 265.0

.: P@.? ? qr 400.0

L’tiGw.wetes opilio 370.0

IP+4ZUS Kn.dltus 319.6
i’?hirzi,~chnius  parma 360.0

L.:%y,ll!odia  crwterochwta 327.0
~te:;o:.  hiupa noi.lGsa 360.0
;~lonqia comu~t~ta 360.0
!.tegintis  grcmilis 460.0
,’.~jcxoqe~haZ?J,g sp, 400.0

TOTAL

71’rerJatOr f.hlta: t.fean length - 325.1 mm. . . ..—
Std. deviation - 39.1 mm
Median length - 320.0 mm

472.5 62,5

237.0 75.0

377.0 25.0

375.0 25.0

338.8 .41.7

565.0 50.0

481.8 60.4

600.8 59.4

375.0 25.0

386.5 75.0

308.5 25.0

1022.0 25.0

.535.0 100.0

445.3 50.0

750.0 25.0

513.0 53.6

750.0 25.0

750.0 25.0

1172.0 125.0

1022.0 25.0

1.49

0.75

0.75

0.75

6.72

0.75

26.87

5.97

0.75

1.49

1.49

(). 75

0.75

20.90

0.75

52.24

0.75

0.75

0.75

0.75

Mean weifiht - 490.5 g
Std. deviation - 220.2 g
Median weight - 415.0 g

2 0.02

1 0.01

1 0.01

1 0.02

9 0.32

1 0.06

36 0.73

8 0.24

1 0.01

2 0.04

2 0.02

1 0.01

1 0.35
28 0,35

1 0.06

70 79.54

1 0.02

1 0.05

1 0.01

1 0.01

2

1

1

2

27

5

62

20

1

3
2

1

3(-I

30
5

6733
:

4

1

1

8465

?te~n Fullness - 47.2%
STD deviation - 29.4X
Number examined - 134

(includes 7 empty)

0.0? ~.~ 0.06

0.01 0.1 o.()~

0.01 0.1 0.02

0.01 0.1 o.o~

O.(W 1.1 2.76

0.01 0.1 0.05

0.41 4.9 30.61

0.12 1..’} 2.10

0.01 0.1 0.02

0.0? 0.’2 0.08

0.02 0.2 0.06

0.04 0.s 0.04
2.z4 27.0 1.94

2.81 33.8 66,04

0.04 0.5 0.08

38.16 459,7 61<8.58

0.02 0.2 0.03

0.05 0.6 0.07
6.23 75.0 4.66

0.71 8.6 0.54
l~04.6

Sinistral  individuals - 58.21Z
Dcxtral individuals - 41.79%



APPENDIX TABLE XII

Summary of Prey Items of PZmtichth!;o steZZatusl by Frequency of Occurrence, Number, Volume
and Relatlvc Importance from Southeastern Chukchi  Sea

Samplee taken from September 5, 1976 at stations A-52, A-55, and A-53.

Avg Length Avg Weight Avg Full % Freq. Freq. of X by No. No. of % by Vol. vol. of Importance
Taxon-Prey Items of Pred., mm of Pred;, g of Pred % of Taxon Taxon of Taxon Taxon of Taxon Taxon (ml) of Taxon

LrenicoZa  gZacial{8 440.0

IIippol  ytidae 436.0

EGhiurws echiuruo a Zaskensis 420.0
.7te~G;LiU~  nodosa 440.0
Urochordata 440.0

T(:leostei 400. (3

EZeSinxs graai Zis 400.0
Lu,~enus ’ fabricii 369.0

TOTAL

1 Predator Data: Mean length - “396. 9 mm
Std. deviation - 60.9 mm
Median length - 400.0 mm

1320.0

1299.0

1245.8

1320,0

1345.7

1000.0

1025.0

802.5

25.0

75.0

60.4

75.0

41.7

125.0

0.0

60.0

3.85

19.23

46.15

3.85

11.54

3.85

3.85

38.46

Mean weight - 1031.8 g
Std. deviation - 484.2 g
Nedian”weight  - 1025.0 g

1 0.94

5 5.66

12 28.30

1 27.36

3 7.55

1 9,43

1 0.94

1(3 19.81

Mean fullness - 47.1%
Std. deviation - 40.6%
Number examined - 26

(includes 4 empty)

1

6

30

,29

8

10

1

21

106

4.L7

3.73

50.88

7.83

0.11

9.32

0.37

23.29

1:.0

10.0
136.5

21.0

0.3

25.0

1.0

62.5

268.3

20.s3

180.53

3654.36

135.33

88. ~7

72.12

5.06

1657.93

Sinistral  individuals - 80.77${
Dextral individmls - 19.23%


