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SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TO
0CS OIL AND GAS DEVELOPMENT

The objectives of this study were to (1) obtain a qualitative and
quantitative inventory of dominant epibenthic species within selected
bays of Prince William Sound, and (2) make observations of food habits on

selected species of invertebrates and fishes.

Twenty-eight stations have been established as a basis for a monitoring

program in three bays of Prince William Sound — Port Etches (13 séations),
Zaikof Bay (8 stations) and Rocky Bay (7 stations).

Information on the distribution and abundance of the major epifaunal
invertebrates of the three study bays has been accumulated. Ten phyla
are represented in the collection. The important groups, in terms of
species were, in descending order of importance, Mollusca, Arthropoda
(Crustacea), and Echinodermata. The important groups, in terms of bio-
mass, in Port Etches, Zaikof Bay and Rocky Bay were Mollusca: 0.23,

1.84 and 3.29%Z in the three bays, respectively; Arthropoda: 36.26, 45.39
and 5.96%, respectively; and Echinodermata: 62.42, 50.40, and 86.93%,

respectively.

Further seasonal data are essential. It is only when continuing in-
formation is available that biological assessment of the impact of oil
spills on the benthic biota of these bays can be effectively accomplished.

Feeding data for the snow crab (Chionoecetes bairdi) and the sunflower
sea star (Pyenopodia helianthoides) from the three bays are presented in
this report. These data, in conjunction with similar data for these species
in Prince William Sound, the Kodiak area and the northeast Gulf of Alaska,
should contribute to a better understanding of the trophic role of these
invertebrates, and permit assessment of the potential impact of oil spills

on the two species.

The importance of deposit-feeding bivalves in the diet of snow crab,
and bivalves and predatory/scavenger gastropods as food for the sunflower

sea star is demonstrated for the three bays. Similar food regimes for

these species have also been observed elsewhere. A high probability




exists that hydrocarbons will enter crabs and sea stars via deposit feed-
ing, predatory and scavenging molluscs. It is suggested that studies
which examine the relationships between sediment, oil, prey species and

predators be initiated.

The sampling of invertebrates and vertebrates using trawls, and stom-
ach analyses of some of these organisms, has made it possible to better
understand the epifaunal component of three Prince William Sound bays.
Available data indicate adequate numbers of unique, abundant, and/or
conspicuous species for monitoring environmental conditions in the three
bays. A monitoring program should be based primarily on recruitment,

growth, food habits and reproduction of the specific species.

INTRODUCTION

General Nature and Scope of Study

Activities connected with oil transport in Prince William Sound and
the possible usage of Port Etches, Zaikof Bay and Rocky Bay as emergency
anchorages for tankers, present a wide spectrum of potential dangers to
the marine environment (see Olson and Burgess, 1967, for general discus-
sion of marine pollution problems). Adverse effects on the environment
of Prince William Sound cannot be assessed, or even predicted, unless back-
ground data are recorded prior to industrial development (see Lewis, 1970;
Pearson, 1971, 1972, 1975, 1980; Nelson-Smith, 1973; Rosenberg, 1973, for
discussions). Insufficient long~term information about a particular en-
vironment and the basic biology of species present can lead to erroneous
interpretations of changes that might occur if the area becomes altered
(see Pearson, 1971, 1972; Nelson~-Smith, 1973; Rosenberg, 1973, for general
discussions on benthic biological investigations in industrialized marine
areas). Populations of benthic marine species may fluctuate over a time

span of a few to as many as 30 or more years (Lewis, 1970).

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

epifauna) are useful as indicator species because they tend to remain in

place, typically react to long-range environmental changes, and by their




presence, generally reflect the nature of the substratum. Consequently,
the organisme of the infaunal benthos have frequently been chosen to
monitor long-term pollution effects, and are believed to reflect the bio-
logical health of a marine area (see Pearson, 1971, 1972, 1975, 1980; and
Rosenberg, 1973, for discussions on usage of benthic organisms for moni-
toring pollution). The presence of large numbers of benthic epifaunal
species of actual or potential commercial importance (crabs, shrimps, fin
fishes) in Prince William Sound, further dictates the necessity of under-
standing this benthic community since many commercial specles feed on
infaunal and small epifaunal residents of the benthos (see Zenkevitch,
1963; Feder et al., 1980; and this report for a discussion of the inter-
action of commercial species and the benthos). Drastic changes in density
of the benthos could affect the health and numbers of these fisheries

organisms.

Effects of oil pollution on subtidal benthic organisms have been ne-

glected until recently, and only a few studies conducted after serious oil
spills have been published (Boesch et al., 1974, for review; Kineman et al.,
1980). Thus, the lack of a broad data base elsewhere makes it difficult

to predict the effects of oil-related activity on the benthos of Prince
William Sound. However, data from environmental assessment activities on
the Alaska shelf and within Prince William Sound should make it possible

to identify species that might bear closer scrutiny now that tankers are
operational in the Sound (for reviews and data summaries from Alaskan wa-
ters, see Schaefers et al., 1955; Anonymous, 1964; Hitz and Rathjen, 1965;
Rosenberg, 1972; Feder et al., 1973, 1980, in press; Hughes, 1974; Powell
et al., 1974; Bakus and Chamberlain, 1975; Feder and Mueller, 1975;

Ronholt et al., 1976; Jewett, 1977; Feder and Jewett, 1977, 1980, in press;
Feder and Paul, 1978, 1980; Feder and Matheke, 1979; Jewett and Powell,
1979).

Experience in pollution-prone areas of England (Smith, 1968), Scotland
(Pearson, 1980), and California (Straughan, 1971) suggests that at the com-
pletion of an initial exploratory study, selected stations should be examined

regularly on a long-term basis to determine any changes in species composi-

tion, diversity, abundance, and biomass. Such long-term data acquisition




should make it possible to differentiate between normal ecosystem variation
and pollutant-induced biological alteration. An intensive investigation

of the benthos of Prince William Sound, as well as its bays, is essential
to an understanding of trophic interactions there and the potential changes
that could take place now that oil-related activities have been initiated.
An intensive benthic biological program in the northeast Gulf of Alaska
(NEGOA) has emphasized the importance of a qualitative and quantitative
inventory of prominent species of the benthic infauna and epifauna (Jewett

and Feder, 1976; Feder and Matheke, 1979).

Relevance to Problems of Petroleum Development

Data showing the effects of 0il on most subtidal benthic invertebrates
are fragmentary (Nelson-Smith, 1973). The Tanner or snow crab, Chionocecetes
bairdi, is a conspicuous inhabitant of Prince William Sound and its bays.
Laboratory experiments with this species have shown that post-molt individ-
uals lose most of their legs after exposure to Prudhoe Bay crude oil. Ob-
viously this aspect of the biology of the snow crab must be considered in
the continuing assessment of this benthic species in Prince William Sound
(Karinen and Rice, 1974). Little other direct data, based on laboratory
experiments, are available for subtidal benthic species (see Nelson-Smith,
1973, for review). Experimentation on toxic effects of oil on other common
members of the subtidal benthos of Prince William Sound should be strongly
encouraged for the near future., In addition, the potential effects of the
loss of sensitive species to the trophic structure in Prince William Sound
must be examined. The above problems can best be addressed by examination
of benthic food studies published by the Outer Continental Shelf Environ-
mental Assessment Program (OCSEAP) (Smith et al., 1976; Feder and Jewett,
1977, 1980, in press; Feder and Paul, 1980; Feder et al., in press).

A direct relationship between trophic structure (feeding type) and
bottom stability has been demonstrated by Rhoads (see Rhoads, 1974, for re-
view). He describes a diesel-fuel oil spill that resulted in oil becoming

adsorbed on sediment particles which in turn caused death in 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 Gulf of
Alaska are deposit feeders; thus, oil-related mortality of these species
could result in a changed near-bottom sedimentary regime with alteration
of species composition there. In addition, commercially important snow
crab and some bottom fishes use deposit feeders as food (Feder and Jewett,
1977, 1980, in press; Feder and Paul, 1980; Feder et al., in press); thus
contamination of the bottom by o0il might indirectly affect commercial
species in Prince William Sound.

Increased tanker traffic through Hinchinbrook Entrance, now that Port
Valdez is an operational oil port, necessitates further study of the epi-

benthic system in Prince William Sound.

CURRENT STATE OF KNOWLEDGE

Limited information is available on the distribution and biology of
the epifauna of Prince William Sound (Feder et al., 1973; Feder and Paul,
1978; Feder and Matheke, 1980); although compilation of relevant data for
the Gulf of Alaska are available (Hitz and Rathjen, 1965; Rosenberg, 1972;
Hughes, 1974; AEIDC, 1975; Jewett and Feder, 1976; Feder and Jewett, in
press; Feder et al., in press). The exploratory trawl surveys of the
National Marine Fisheries Service are the most extensive investigations
of the benthic epifauna but caution must often be exercised in interpret-
ing data from these surveys. The results, each directed toward different
groups and/or species, are not typically comparable due to the differences

in gear and sampling effort from one cruise to another.

STUDY AREA

Benthic trawl stations were occupied in three Prince William Sound
bays. Port Etches is located on the southwest side of Hinchinbrook Island
while Zaikof Bay and Rocky Bay are located on the northeast side of

Montague Island (Fig. 1).
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Figure 1. Trawl station locations in Port Etches, Zaikof Bay and Rocky Bay, July/August 1978




SOURCES, METHODS AND RATIONALE OF DATA COLLECTON

Stations were occupied in Port Etches, Zaikof Bay and Rocky Bay,
Prince William Sound (Fig. 1; Appendix Table I) from 28 July to 7 August
1978 on the M/V Searcher. Material was collected at 28 stations. Tows
were usually 15 minutes in duration, and made with a small otter trawl
(try net) with a 6.1-m horizontal opening. Samples were taken to a maxi-
mum depth of approximately 100 m. All organisms were sorted on shipboard,
given tentative identifications and counted. Abundant species were weighed.

Aliquot samples of individual species were preserved in buffered, 10% for-

malin, and labeled for final identification at the University of Alaska.

W
Tw(Dx1000)°’
where W = weight (grams), Tw = width of trawl opening (meters), and (D)

is distance fished (kilometers x 1000). The data base for all calcula-

tions of biomass per m2 in the present report have been submitted to the

Biomass per unit area (g/mz) is calculated as follows:

National Oceanographic Data Center (NODC).

After final identification, all invertebrates were assigned code
numbers (Mueller, 1975) to facilitate data analysis by computer. Represen-
tative samples of invertebrates are stored at the Institute of Marine
Science, University of Alaska, Fairbanks, Alaska. Voucher samples are

deposited at the California Academy of Sciences.

The major limitation of the survey was that imposed by the selectivity
of the otter trawl used. In additiom, rocky-bottom areas could not be
sampled since otter trawls of the type used can only be fished on rela-

tively smooth bottoms.

Stomach contents of the snow crab (Chionoecetes bairdi), the sunflower
sea star (Pycnopodia helianthoides), and several fish species were analyzed.
All stomachs were examined by the frequency of occurrence method. Seventy-
six percent of all snow crab examined were less than 40 mm in carapace
width. Since food used by crab < 40 mm, as well as crab > 40 mm were simi-

lar, all sizes were combined when reporting the data.

Exoskeletons of snow crabs were identified as (1) recently molted,
(2) newshell, (3) oldshell, and (4) very oldshell (Donaldson, 1977).




RESULTS

Port Etches

Distribution, biomass, and abundance

A total of 13 stations was sampled by trawl in Port Etches, covering
a distance of 12.6 km (Table 1). The average epifaunal invertebrate bio-

mass for all stations sampled was 0.85 g/mz.

Taxonomic analysis of epifaunal invertebrates from Port Etches deline-
ated 6 phyla, 9 classes, 24 families, 30 genera and 39 species (Table II).
Arthropoda (Crustacea), Mollusca and Echinodermata dominated with 22, 8,
and 4 species, respectively (Table II). Echinodermata accounted for 62.4%
of the total invertebrate biomass (Table III). The family Asteriidae made
up 59.2% of this biomass (Table IV). The leading species, in terms of bio-
mass, in this family was the sunflower sea star, Pycnopodia helianthoides,
(Table V). Arthropoda accounted for 36.3% of the total invertebrate bio-
mass (Table III). The families Pandalidae and Majidae made up 33.8% of
this biomass (Table IV). The leading species in each of these families,
respectively, were the pink shrimp (Pandalus borealis) and the snow crab
(Chionoecetes bairdi) (Table V). Although eight species of Mollusca were
represented, these species only accounted for 0.23% of the total inverte-
brate biomass (Tables II, III).

Abundance data for the dominant organisms in Port Etches are also

listed in Tables III-V.

Feeding

The stomachs of snow crab, Chionoecetes bairdi, from Port Etches mainly
contained bivalves (Nucula tenuis and Nuculana spp.), gastropods, juvenile
snow crab (C. bairdi), unidentified plant and animal material, and sediment
(Table VI).

Pyenopodia helianthoides preyed almost entirely on bivalves, gastro-
pads and crustaceans. A bivalve (Nuculana fossa) and a gastropod (Mitrella

gouldi) were the dominant organisms preyed upon. Other foods of lesser

Text continued on page 16
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TABLE 1

TOTAL EPIFAUNAL INVERTEBRATE BIOMASS FROM BENTHIC TRAWLING ACTIVITIES

IN PORT ETCHES, ZAIKOF BAY AND ROCKY BAY: JULY/AUGUST 1978

Port Etches Zaikof Bay Rocky Bay
Weight Distance 2 Weight Distance Weight Distance
(kg) fished (km) g/m (kg) fished (km) g/m (kg) fished (km) g/m
65.48 12.62 0.851 19.72 8.12 0.398 52.18 6.88 1.243
All Bays
Weight Distance
(kg) fished (km) g/m
137.39 27.62 0.815




TABLE II

A LIST OF SPECIES TAKEN BY TRAWL FROM PORT ETCHES, HINCHINBROOK ISLAND,
ALASKA, JULY/AUGUST 1978

Phylum Cnidaria
Class Anthozoa
Family Pennatulidae
Ptilosarcus gurmeyi (Gray)
Family Actinostolidae
Stomphia coceinea (0. F. Miller)
Family Metridiidae
Metridium senile (Linnaeus)

Phylum Annelida
Class Polychaeta
Family Nephtyidae
Nephtys spp.

Phylum Mollusca
Class Pelecypoda
Family Nuculanidae
Nuculana fossa Baird
Family Astartidae
Astarte borealis Schumacher
Family Cardiidae
Clinocardium ciliatum (Fabricius)
Family Thraciidae
Thraeia spp.

Class Gastropoda
Family Dorididae
Family Arminidae
Armina califormica (Cooper)

Class Cephalopoda
Family Octopodidae
Octopus sp.

Phylum Arthropoda
Class Crustacea
Family Balanidae
Balanus spp.
Balanus crenatus Pilsbury
Balanus hesperius Pilsbury

Order Decapoda
Family Pandalidae
Pandalus borealis Krdyer
Pandalus platyceros Brandt
Pandalus hypsinotus Brandt
Pandalus danae Stimpson
Pandalopsis dispar Rathbun

14




TABLE II
CONTINUED

Phylum Arthropoda (cont'd)
Family Hippolytidae
Eualus biunguis Rathbun
Family Crangonidae
Crangon dalli Rathbun
Crangon communis Rathbun
Argis dentata (Rathbun)
Family Paguridae
Pagurus ochotensis Brandt
Pagurus captillatus (Benedict)
Elassochirus tenuimanus (Dana)
Labidochirus splendescens (Owen)
Family Majidae
Oregonia gracilis (Dana)
Hyas lyratus Dana
Chionoecetes bairdi Rathbun
Family Cancridae
Cancer magister Dana
Family Atelecyclidae
Telmessus cheiragonus (Tilesius)

Phylum Echinodermata
Class Asteroidea
Family Asteropidae
Dermasterias imbricata (Grube)
Family Asteriidae
Pyenopodia helianthoides (Brandt)
Family Strongylocentrotidae
Strongylocentrotus droebachiensts (0. F. Miiller)

Class Ophiuroidea
Family Ophiuridae
Ophiura sarsi Litken

Phylum Urochordata
Class Ascidiacea
unidentified sp.
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NUMBER, WEIGHT AND BIOMASS OF MAJOR EPIFAUNAL INVERTEBRATE PHYLA

OF PORT ETCHES, ZAIKOF BAY AND ROCKY BAY, JULY/AUGUST 1978

Number of organisms

TABLE II1

Weight (g)

Percent of
total weight*

Mean grams per m

Phylum Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky
Porifera - - - - 130 1001 - 0.66 1.92 - 0.003 0.024
Cnidaria 53 6 8 690 309 519 1.05 1.57 0.99 0.009 0.006 0.012
Mollusca 2267 193 164 153 362 1718 0.23 1.84 3.29 0.002 0.007 0.041
Arthropoda 2271 955 309 23742 8953 3109 36.26 45.39 5.96 0.308 0.181 0.074
(Crustacea)
Brachiopoda - - 45 - - 196 - - .38 - - 0.005
Echinodermata 184 58 13294 40870 9940 45361 62.42 50.40 86.93 0.531 0.201 1.081
Total 5275 1212 13775 65455 19694 51904 99.96 99.86 99.46 0.853 0.399 1.237

*See Table I for data on total epifaunal biomass for each area.
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TABLE IV

NUMBER, WEIGHT AND BIOMASS OF MAJOR EPIFAUNAL INVERTEBRATE FAMILIES
OF PORT ETCHES, ZAIKOF BAY AND ROCKY BAY, JULY/AUGUST 1978

Number of organisms Weight (g) Percent of total weight Mean grams per m2
Families Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky.
Virgularidae - 5 - - 129 - - 0.66 - - 0.002 -
Pennatulidae 50 - - 550 - - 0.84 - - 0.006 - -
Metridiidae 2 1 - 120 170 - 0.18 0.86 - 0.001 0.003 -
Cardiidae - 17 - - 124 - - 0.63 - - 0.002 -
Pandalidae 2419 412 82 19600 6057 537 29.93 30.71 1.03 0.254 0.122 0.013
Crangonidae 69 86 45 489 373 145 0.75 1.89 0.28 0.006 0.007 0.003
Paguridae 16 29 53 323 192 534 0.49 0.97 1.02 0.004 0.004 0.013
Majidae 175 59 59 2552 1750 1805 3.90 8.87 3.46 0.033 0.035 0.043
Cancridae 1 5 1 600 408 5 0.92 2.07 0.01 0.008 0.008 <0.001
Asteriidae 92 8 11 38755 6623 1255 59.20 33.58 2.40 0.503 0.134 0.030
Gorgonocephalidae - 24 50 - 2986 8290 - 15.14 15.89 - 0.060 0.197
Ophiuridae 80 2 12326 375 1 13631 0.57 <0.01 26.12 0.005 <0,001 0.325
Synallactidae - 1 313 - 67 17920 - 34 34.34 - 0.001 0.427
Total 2904 648 12941 63364 18880 44122 96.77 95.72 84.55 0.823 0.381 1.051
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TABLE V

NUMBER, WEIGHT AND BIOMASS OF MAJOR EPIFAUNAL SPECIES FROM
PORT ETCHES, ZAIKOF BAY AND ROCKY BAY, JULY/AUGUST 1978

Percent of

Number of organisms Weight (g) total weight Mean grams per m2
Species Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky Etches Zaikof Rocky
Pandalus 2327 112 11 18110 1243 80 27.66 6.30 0.15 0.235 0.025 0.002
borealis
Pandalus 62 280 48 1270 4745 380 1.94 24.06 0.73 0.016 0.096 0.009
hypsinotus
Argis dentata 21 34 7 318 222 45 0.48 1.13 0.09 0.004 0.004 0.001
Chionoecetes 169 52 26 2461 1690 390 3.76 8.57 0.75 0.032 0.034 0.009
bairdi
Cancer magister 1 2 1 600 405 5 0.92 2,05 0.01 0.008 0.008 <0.001
Pyenopodia 92 7 3 38755 6198 460 59.19 31.43 0.88 0.503 0.125 0.011
helianthoides
Gorgonocephalus - 24 50 - 2986 8290 - 15.14 15.89 - 0.060 0.197
caryi
Ophiura sarst 80 2 12326 375 1 13631 0.57 0.01 26.12 0.005 <0.001 0.325
Bathyphlotes sp. - 1 313 - 67 17920 - 0.34 34.34 - 0.001 0.427

Total 2752 463 12785 61889 17557 41201 94.53 89.01 78.95 0.804 0.354 0.982




TABLE VI

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS FOUND IN STOMACHS OF
CHIONOECETES BAIRDI FROM PORT ETCHES, ZAIKOF BAY AND ROCKY BAY, JULY/AUGUST 1978
N = NUMBER OF STOMACHS

Port Etches Zaikof Bay Rocky Bay
% % A % % Y4
Stomachs Total Stomachs Total Stomachs Total
w/food stomachs w/food stomachs w/food stomachs
Food item* Occurrence (N=23) (N=25) Occurrence (N=9) (N=15) Occurrence (N=12) (N=15)
Unidentified plant material 6 26 24 2 22 13 1 8 7
Foraminifera 4 17 16 2 22 13 6 50 40
Hydrozoa - - - - - - - - -
Polychaeta (segmented worm) - - - - - - 8 67 53
Bivalvia (clam) 5 22 20 4 44 27 2 17 13
Nucula tenuis (clam) 19 83 76 - - - - - -
Nuculanidae (clam) - - - 4 44 27 - - -
Nuculana sp. (clam) 10 43 40 1 22 7 - - -
= Axinopsida sp. (clam) - - - 2 44 13 - - -
Axinopsida serricata (clam) 2 9 8 - - - - - -
Macoma sp. (clam) 1 4 4 - - - - - -
Gastropoda (snail) 11 48 44 - - - - - -
Solariella sp. (snail) - - - - - - 2 17 13
Alvinia sp. (snail) 5 22 20 - - - - - -
Skeneopsis sp. (snail) 1 4 4 - - - - -
Scaphopoda (tusk shells) 5 22 20 - - - 1 8 7
Crab remains 2 9 8 - - - - - -
Shrimp remains 4 17 16 1 11 7 - - -
Crustacea 1 4 4 - - - 1 8 7
Pagurus sp. (hermit crab) - - - - - - 1 8 7
Chionoecetes bairdi (smow crab) 7 30 28 1 11 7 1 8 7
Ophiuridea (brittle star) - - - - - - 7 58 47
Pisces (fish) 1 4 4 - - - 4 33 27
Unidentified animal material 23 100 92 9 100 80 12 100 80
Sediment 21 91 84 9 100 80 10 83 67
Empty stomachs 2 9 8 2 44 13 3 25 20
Peollutants - - - 2 44 13 1 8 7

*Lowest level of identification.




importance consumed by P. helianthoides, in order of diminishing frequency,
were a bivalve (Psephidia lordi) and gastropods (Solariella varicosa,

Nassarius mendicus, Solariella obscura, and Alvinia compacta) (Table VII).

Polychaetes, bivalves, crustaceans and fish remains were the main
organisms consumed by the rex sole, Glyptocephalus zachirus (Appendix
Table II). Flathead sole, Hippoglossoides elassodon, contained unidentified
animal material, bivalves, crustaceans and fishes. Rock sole, Lepidopsetta
bilineata, contained polychaetes, bivalves and crustaceans. Yellowfin
sole, Limanda aspera, contained unidentified animal material, bivalves and
crustaceans. Shortfin eelpout, Lycodes brevipes, contained unidentified
animal material, polychaetes, bivalves and crustaceans. Sediment was also

dominant in the stomachs of the above species,

Since a limited number of samples were available, some speciles are
not included in Appendix Table II. However, comments on prey items are
included here. Arrowtooth flounder, Atheresthes stomias, contained uniden-—
tified animal material, crustaceans and fishes. Walleye pollock, Theragra
chalcogramma, contained unidentified animal material and crustacean remains.
Snail fish, Liparis sp., contained unidentified animal material and crus-

tacean remains.

Zaikof Bay

Distribution, biomass and abundance

A total of 8 stations was sampled by trawl in Zaikof Bay, covering a
distance of 8.1 km (Table 1). The average epifaunal invertebrate biomass

for all stations sampled was 0.40 g/mz.

Taxonomic analysis of epifaunal invertebrates from Zaikof Bay delin-
eated 11 phyla, 18 classes, 52 families, 64 genera, and 78 species (Table
VIII). Mollusca, Arthropoda (Crustacea), and Echinodermata dominated with
27, 24, and 12 species, respectively (Table VIII). Echinodermata accounted
for 50.4% of the total invertebrate biomass (Table III). The families
Asteriidae and Gorgonocephalidae made up 48.7% of this biomass (Table IV).

The leading species, in terms of biomass, in each of these families,

Text continued on page 22
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TABLE VII
PYCNOPODIA HELIANTHOIDES STOMACH CONTENTS

Port Etches (no. examined [N] 90; no. with food [NF] = 73)

Zaikof Bay (N = 2; NF = 1)
Rocky Bay (N = 3; NF = 2)
% frequency
of occurrence
Stomachs Total
Total frequency w/food stomachs
Stomach contents of occurrence (NF = 76) (N = 95)
Plant remains 1 1 1
Brown algae 2 3 2
Scyphozoa 1 1 1
Polychaeta (segmented worm) 1 1 1
Bivalvia (clams) 2 1 2
Nucula tenuis (clam) 4 5 4
Nuculana fossa (clam) 54 71 57
Yoldia sp. (clam) 1 1 1
Mytilus edulis (clam) 3 4 3
Tellina nuculoides (clam) 1 1 1
Psephidia lordi (clam) 12 16 13
Pandora filosa (clam) 2 2

Pandora grandis (clam)
Clinocardium californiense (cockle)
Cardiomya pectinata (clam)
Gastropoda (snail)

Trochiidae (snail)

Solariella sp. (snail)

Solariella obscura (snail)
Solariella varicosa (snail)
Margarites pupillus (snail)
Littorina sp. (snail)

Alvinia compacta (snail)

Natica clausa (snail)

Mitrella gouldi (snail) 2
Nagssarius mendicus (snail)
Olivella baetica (snail)
Oenopota sp. (snail)

Propebela sp. (snail)

Turbonilla sp. (snail)

Cylichna alba (snail)

Balanus sp. (barnacle)

Balanus crenatus (barnacle)

Crab remains

Pagurus ochotensis (hermit crab)
Chionoecetes bairdi (snow crab)
Cancer magister (Dungeness crab)
Cancer oregonensis (crab)
Ophiuroidea (brittle star)
Unidentifiable digested material
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TABLE VIII

A LIST OF SPECIES TAKEN BY TRAWL FROM ZAIKOF BAY, MONTAGUE ISLAND, ALASKA
JULY/AUGUST 1978

Phylum Porifera
Class Demospongia
Family Suberitidae
Suberites suberea Lambe
unidentified sp.

Phylum Cnidaria
Class Hydrozoa
unidentified sp.

Class Anthozoa
Family Virgularidae
Stylatula gracile (Gabb)
Family Metridiidae
Metridium senile (Linnaeus)

Phylum Rhynchocoela

Phylum Annelida
Class Polychaeta
Family Polynoidae
Eunoe depressa Moore
Family Maldanidae
Family Nereidae
Nereis sp.
Family Sabellidae
Pseudopotamilla reniformis (Leuckhart)
Family Serpulidae
Crucigera zygophora (Johnson)

Phylum Mollusca
Class Polyplacophora
Family Ischnochitonidae
Ischnochiton trifidus (Berry)

Class Bivalvia
Family Nuculanidae
Nuculana fossa Baird
Yoldia amygdalea Valenciennes
Family Pectinidae
Chlamys rubida Hinds
Family Anomiidae
Pododesmus macrochisma Deshayes
Family Astartidae
Astarte borealis Schumacher
Astarte alaskensis Dall
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TABLE VIII

CONTINUED

Phylum Mollusca (cont'd)

Family Cardiidae
Clinocardium eiliatum (Fabricius)
Clinocardium fucanum (Dall)
Clinocardium californiense (Deshayes)
Serripes groenlandicus (Bruguilre)

Family Hiatellidae
Hiatella arctica (Linnaeus)

Class Gastropoda
Family Lepetidae
Lepeta caeca (Miller)
Family Naticidae
Polinices pallida (Broderip and Sowerby)
Family Cymatiidae
Fusitriton oregonensis (Redfield)
Family Muricidae
Trophonopsis lasius (Dall)
Family Thaididae
Nucella lamellosa (Gmelin)
Family Buccinidae
Buccinum plectrum Stimpson
Colus spitabergensis (Reeve)
Colue halli (Dall)
Family Clionidae
Clione limacina (Phipps)
Family Tritonidae
Tritonia exsulans Bergh
Family Dorididae

Class Scaphopoda
Family Dentaliidae
Dentalium sp.

Class Cephalopoda
Family Sepiolidae
Rossia pacifica Berry
Family Gonatidae
Gonatus sp.
Family Octopodidae
Octopus sp.

Phylum Arthropoda
Class Crustacea
Family Balanidae
Balanus crenatus Pilsbury
Balanus hesperius Pilsbury
Balanus rostratus Pilsbury
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TABLE VIIT
CONTINUED

Phylum Arthropoda (cont'd)
Order Decapoda
Family Pandalidae
Pandalus borealis Krdyer
Pandalus goniurus Stimpson
Pandalus hypsinotus Brandt
Pandalopsis danae Stimpson
Family Hippolytidae
Spironotocaris lamellicornis
Eualus biunguis Rathbun
Eualus macilenta (Krbyer)
Family Crangonidae
Crangon dalli Rathbun
Crangon communis Rathbun
Argis dentata (Rathbun)
Family Paguridae
Pagurus sp.
Pagurus ochotensis Brandt
Pagurus aleuticus (Benedict)
Pagurus capillatus (Benedict)
Elassochirus tenuimanus (Dana)
Labidochirus splendescens (Owen)
Family Majidae
Oregonia gracilis Dana
Hyas lyratus Dana
Chionoecetes bairdi Rathbun
Family Cancridae
Cancer magister Dana
Cancer oregonensig (Dana)

Phylum Sipunculida
unidentified sp.

Phylum Ectoprocta
Order Cyclostomata
Family Heteroporidae
Heteropora spp.

Order Ctenostomata
Family Alcyonidiidae
Aleyonidium spp.

Phylum Brachiopoda
Class Articulata
Family Dallinidae
Laqueus californianus Koch
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TABLE VIII
CONTINUED

Phylum Echinodermata
Class Asteroidea
Family Solasteridae
Crossaster papposus (Linnaeus)
Solaster dawsoni Verrill
Family Asteriidae
Orthasterias koehleri (de Loriol)
Pycnopodia helianthoides (Brandt)
Family Goniasteridae
Pseudarchaster parelli (DUben and Koren)
Family Porcellanasteridae
Ctenodiscus crispatus (Retzius)
Family Strongylocentrotidae
Strongylocentrotus droebachiensis (0. F. Miller)

Class Ophiuroidea
Family Amphiuridae
Diamphiodia craterodmeta
Family Gorgonocephalidae
Gorgonocephalus caryi (Lyman)
Family Ophiactidae

Ophiopholis aculeata (Linnaeus)
Family Ophiuridae
Ophiura sarsi Liitken

Class Holothuroidea
Family Synallactidae
Bathyplotes sp.

Phylum Chordata
Subphylum Urochordata
Class Ascidiacea
unidentified sp.
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respectively, were the sunflower sea star (Pycnopodia helianthoides) and
the basket star (Gorgonocephalus caryi) (Table V). Arthropoda accounted
for 45.4% of the total invertebrate biomass (Table III). The families
Pandalidae and Majidae made up 38.6% of this biomass (Table IV). The
leading species in each of these families, respectively, were the coon-
stripe shrimp (Pandalus hypsinotus), the pink shrimp (P. borealis), and
the snow crab (Chionoecetes bairdi) (Table V). Although 26 species of
Mollusca were represented, these species only accounted for 1.847 of the

total invertebrate biomass (Tables III-VIII).

Abundance data for the dominant organisms in Zaikof Bay are also
listed in Tables III-V.

Feeding

Chionoecetes bairdi from Zaikof Bay fed primarily on bivalves of the
family Nuculanidae, other miscellaneous bivalve species, unidentified

animal material and sediment (Table VI).

Pycnopodia helianthoides fed on mollusks and a crustacean. Two gastro-
pods (Mitrella gouldi and Lora spp.) and a clam (Yoldia sp.) were the mol-
lusks preyed upon. The crustacean consumed was the crab, Cancer oregonensis,
(Table VII).

Unidentified animal material, foraminiferans, polychaetes and Yoldia
spp. were the main organisms consumed by the flathead sole, Hippoglossoides
elassodon (Appendix Table II). Yellowfin sole, Limanda aspera, contained
unidentified plant and animal material, and bivalves (Adxinopsida spp. and

representatives of the family Nuculanidae).

Since a limited number of samples were available, some species are
not included in Appendix Table II. However, comments on prey items are
included here. Dover sole, Microstomus pacificus, contained unidentified
animal material and polychaetes, including Ampharetidae. Rex sole, Glypto-
cephalus zachirus, contained polychaetes, crustaceans, and fish remains.
Arrowtooth flounder, Atheresthes stomias, contained unidentified animal

material, unidentified Euphausiacea and the euphausiid, Thysanoessa
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spinifera. Shortfin eelpout, Lycodes brevipes, contained unidentified plant
material, bivalves, crustaceans and fish remains. Sediment was also do-

minant in the stomachs of the above species.

Rocky Bay

Distribution, biomass and abundance

.

A total of 7 trawl stations was occupied in Rocky Bay, covering a
distance of 6.9 km (Table 1). The average epifaunal invertebrate biomass

for all stations sampled was 1.24 g/mz.

Taxonomic analysis of epifaunal invertebrates from Rocky Bay delin-
eated 9 phyla, 16 classes, 48 families, 64 genera and 86 species (Table
IX). Echinodermata accounted for 86.9% of the total invertebrate biomass
(Table III) with 18 species (Table IX). The families Synallactidae,
Ophiuridae and Gorgonocephalidae made up 76.3% of this biomass (Table IV).
The leading species, in terms of biomass, in these families were sea
cucumbers (Bathyplotes spp.), a brittle star (Ophiura sarsi), and the
basket star (Gorgonocephalus caryi) (Table V). Although Arthropoda and
Mollusca represented 35 and 24 species, respectively, these phyla only ac-
counted for 5.9 and 3.2% of the total invertebrate biomass (Table III).

Abundance data for the dominant organisms in Rocky Bay are also listed

in Tables III-V.

Feeding
Chionoecetes bairdi from Rocky Bay fed primarily on unidentified

animal material, sediment, foraminiferans, polychaetes, and ophiuroids
(Table VI).

Pyecnopodia helianthoides, preyed almost entirely on bivalves, gastro-
pods and crustaceans. A gastropod (Mitrella gouldi) and a barnacle
(Balanus crenatug) were the dominant organisms consumed. Other less im-
portant items consumed by P. helianthoides were gastropods (Margarites
pupillus, Oenopota spp., Cylichna alba), a bivalve (Clinocardiwmn califor-

nienge) and crab remains (Table VII).

Text continued on page 28 27




TABLE IX

A LIST OF SPECIES TAKEN BY TRAWL FROM ROCKY BAY, MONTAGUE ISLAND, ALASKA
JULY/AUGUST 1978

Phylum Porifera
unidentified sp.

A
Phylum Cnidaria
Class Hydrozoa
unidentified sp.

Class Anthozoa

Family Nephtyidae

Eunephthya rubiformis (Pallas)
Family Pennatulidae

Ptilosarcus gurneyi (Gray)
Family Actinostolidae

Stomphia coccinea (0. F. Miller)
Family Actiniidae
Family Caryophylliidae

Caryophyllia alaskensis Vaughan

Phylum Mollusca
Class Pelecypoda

Family Nuculanidae
Nuculana fossa Baird

Family Pectinidae
Chlamys rubida Hinds

Family Astartidae
Astarte borealis Schumacher
Astarte alaskensis Dall
Astarte montagui (Dillwyn)
Astarte rollandi Bernard
Astarte esquimalti Baird

Family Cardiidae
Clinocardium ciliatum (Fabricius)
Clinocardium californiense (Deshayes)
Serripes groenlandicus (Bruguidre)

Class Gastropoda
Family Trochidae
Lischkeia eidaris (Carpenter)
Family Naticidae
Natiea clausa (Broderip and Sowerby)
Polinices pallida (Broderip and Sowerby)
Family Cymatiidae
Fusitriton oregonensis (Redfield)
Family Muricidae
Trophonopsis spp.
Family Buccinidae
Buccinum plectrum Stimpson

28 Colus halli (Dall)




TABLE IX
CONTINUED

Phylum Mollusca
Class Gastropoda (cont'd)
Family Neptuneidae
Neptunea lyrata (Gmelin)
Family Columbellidae
Amphissa columbiana Dall
Family Volutomitridae
Volutomitra alaskana Dall
Family Turridae
Leucosyrinx cireinata (Dall)
Family Dorididae
Family Tritoniidae
Tochuina tetraquatra (Pallas)

Class Cephalopoda
Family Sepiolidae
Rosstia pacifica Berry

Phylum Arthropoda
Class Crustacea
Family Balanidae
Balanus crenatus Pilsbury
Balanus balanus Pilsbury
Balanus hesperius Pilsbury
Balanus rostratus Pilsbury

Order Decapoda

Family Pandalidae
Pandalus borealis Krdyer
Pandalus montagui tridens Rathbun
Pandalus platyceros Brandt
Pandalus hypsinotus Brandt

Family Hippolytidae
Spirontocaris spp.
Spirontocaris lamellicornis (Dana)
Lebbeus groenlandica (Fabricius)
Lebbeus polaris Sabine
Fualus spp.
Eualus biunguis Rathbun
Eualus pusiola (Krbyer)

Family Crangonidae
Crangon dalli Rathbun
Crangon communis Rathbun
Argis dentata (Rathbun)
Paracrangon echinata Dana
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TABLE IX
CONTINUED

Phylum Arthropoda (cont'd)
Family Paguridae
Pagurus sp.
Pagurus ochotensis Brandt
Pagurus aleuticus (Benedict)
Pagurus capillatus (Benedict)
Pagurus kennerlyi (Stimpson)
Elassochirus tenuimanus (Dana)
Elassochirus cavimanus (Miers)
Labidochirus splendescens (Owen)
Family Galatheidae
Munida quadrispina Benedict
Family Majidae
Oregonia gracilis Dana
Hyas lyratus Dana
Chionoecetes bairdi Rathbun
Pugettia gracilis (Dana)
Family Cancridae
Cancer magister Dana
Family Atelecyclidae
Telmessus cheiragonus (Tilesius)

Phylum Sipunculida
Golfingia margaritacea

Phylum Ectoprocta
Order Cyclostomata
Family Heteroporidae
Heteropora pacifica

Phylum Brachiopoda
Class Articulata
Family Dallinidae
Terebratalia transversa (Sowerby)
Laqueus californianus Koch

Phylum Echinodermata
Class Asteroidea

Family Goniasteridae
Mediaster aequalis Stimpson

Family Porcellanasteridae
Ctenodiscus crispatus (Retzius)

Family Pterasteridae
Pteraster tesselatus Fisher
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TABLE IX
CONTINUED

Phylum Echinodermata
Class Asteriidae (cont'd)

Family Solasteridae
Crossaster papposus (Linnaeus)
Solaster spp.
Solaster endeca (Linnaeus)

Family Asteridae
Lethasterias nanimensis (Verrill)
Orthasterias koehleri (de Loriol)
Stylastasterias forreri (de Loriol)
Pyenopodia helianthoides (Brandt)

Family Pedicellasteridae
Pedicellaster magister Djakonov

Family Strongylocentrotidae
Strongylocentrotus droebachiensis (0. F. Miller)

Class Ophiuroidea
Family Gorgonocephalidae
Gorgonocephalus caryi (Lyman)
Family Ophiuridae
Ophiura sarsi Liitken

Class Holothuroidea
Family Stichopodidae
Parastichopus californmicus (Stimpson)
Family Synallactidae
Bathyplotes sp.
Family Psolidae
Pgolus chitinoides (Clark)

Class Crinoidea
Heliometra glacialis maxima Clark

Phylum Chordata
Class Ascidiacea
unidentified sp.
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Polychaetes, bivalves, crustaceans including Gnathiidae, and fish re-
mains were the main organisms consumed by the searcher, Bathymaster

signatus (Appendix Table II).

Since a limited number of samples were available, some species are
not included in Appendix Table II. However, comments on prey items are
included here. Walleye pollock, Theragra chalcogramma, contained uniden-
tified animal material and crustaceans. Flathead sole, Hippoglossoides
elassodon, contained unidentified animal material, crustaceans, and
echinoderms. Rex sole, Glyptocephalus zachirus, contained unidentified
animal material, Nephtyidae and crustaceans. Dover sole, Microstomus
pactficus, contained polychaetes and crustaceans. Arrowtooth flounder,
Atheresthes stomias, contained unidentified animal material and fish.

Sediment was also dominant in the stomachs of the above species.

DISCUSSION
Station Coverage

The trawl program described in this report represents the first inten-
sive analysis of the epifaunal invertebrates of Port Etches, Zaikof Bay,
and Rocky Bay. Thirteen stations were occupied in Port Etches with 8 and
7 stations, respectively, occupied in Zaikof Ray and Rocky Bay. The aver-
age distance fished at each station was 0.99 km. Bottom topography in

Zaikof Bay and Rocky Bay made selection of trawlable areas difficult.

Biomass

The values for epifaunal standing stocks reported in the present study
are somewhat less than standing stock estimates presented in OCSEAP ben-
thic trawl studies elsewhere, i.e., see Jewett and Feder, 1976; Feder et al.,
in press. The average biomass for all epifaunal invertebrates in the
northeast Gulf of Alaska (NEGOA) was 2.6 g/m2 (Jewett and Feder, 1976).

The biomass determined for epifaunal invertebrates in the southeast Bering
Sea was 3.3 g/m2 in 1975 and 5.0 g/m2 in 1976 (Feder and Jewett, in press).
The epifaunal biomass for Alitak and Ugak Bays was 4.74 g/m2 (Feder and
Jewett, 1977). The average epifaunal biomass for Port Etches, Zaikof Bay
and Rocky Bay, for the present sampling period was 0.82 g/m2 (Table I).
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The low average biomass for Port Etches, Zaikof Bay and Rocky Bay may be
attributed to the sampling gear used, the try net. Large epifaunal in-
vertebrates such as crabs may be able to avoid this small net, unlike

the larger otter trawls.

Russian benthic investigations (Neiman, 1963), provide biomass esti-
mates based on grab samples for infauna and small epifauna from the south-
east Bering Sea with the lowest value reported as 55 g/mz. Use of a com-
mercial-size trawl results in the loss of infaunal and small epifaunal or-
ganisms 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 a
part of all future benthic invertebrate investigations (infaunal samples are

available from these three bays; analysis of these samples is in progress).

Species Composition and Diversity

Examination of the species composition of Port Etches, Zaikof Bay and
Rocky Bay revealed crustaceans, molluscs and echinoderms to be the major

epifaunal invertebrates present.

In general, the epifaunal species richness for Port Etches, Zaikof
Bay and Rocky Bay in Prince William Sound was similar to that reported
for NEGOA (Jewett and Feder, 1976) and four bays of Kodiak and Afognak
Islands in the Gulf of Alaska, i.e., Alitak and Ugak Bays (Feder and Jewett,
1977) and Izhut and Kiliuda Bays (Feder and Jewett, in press). The major
epifaunal differences between NEGOA and the Prince William Sound Bays-
Kodiak Bay fauna were the low numbers of species of annelid and echinoderms
found in the bays. The survey in NEGOA revealed 30 species of Annelida
and 36 species of Echinodermata; however, these phyla in Alitak and Ugak
Bays comprised only 5 and 12 species, in Port Etches 1 and 4 species, in

Zaikof Bay 4 and 12 species, and in Rocky Bay 0 and 17 species, respectively.

The Solasteridae and the Asteriidae were the most diverse echinoderm
families collected with 8 species represented. Pandalidae, Hippolytidae,
Crangonidae, and Paguridae were the most diverse crustacean families collect-
ed with 30 species represented. Astartidae, Cardiidae, and Buccinidae were

the most diverse molluscan families collected, with 10 species represented.
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Food Habits

The main species examined for stomach contents were the snow crab

(Chionoecetes bairdi) and the sunflower sea star (Pyenopodia helianthoides).

Inference from the present study, as well as past snow crab food stud-
ies (Yasuda, 1967; Feder and Jewett, 1977; 1980, in press; Paul et al., 1979;
Feder and Matheke, 1980) involving prey species, suggests that items used
for food by snow crab are area specific. Most of the important items con-
sumed by snow crab in Port Etches, Zaikof Bay and Rocky Bay, (i.e., gastro-
pods, bivalves, snow crab, sediment) differed somewhat from those used by
this species in Cook Inlet and Kodiak Island (Feder and Jewett, 1977; Feder
and Paul, 1980). Paul et agl. (1979) examined 715 snow crabs in Cook Inlet,
and found the main items, in order of decreasing percent frequency of oc-
currence in stomachs, were bivalves, hermit crabs (Pagurus spp.), barnacles
(Balanus spp.), and sediment. The only similar food items used by snow
crab in the present study were clams and sediment. Snow crab stomachs
examined in Port Valdez primarily contained sediment (Feder and Matheke,
1980). The role of sediment in crab feeding is not known. However,
Moriarty (1977) reported on the occurrence of sediment in the food contents
of five species of penaeid shrimps. The nutritional benefit of sediment
for these shrimps appeared to be derived from the film of organic carbon,
including bacteria, on sand grains. Yasuda (1967) found benthic diatoms
to be abundant in Chionoecetes opilio elongatus stomachs in the Bering Sea,

but postulated that diatoms were taken inadvertently with food and sediment.

Data from the present study, as well as other sunflower sea star in-
vestigations (e.g., Mauzey et al., 1968; Paul and Feder, 1975; Jewett and
Feder, 1976; Feder and Jewett, in press) suggest that food used by Pycnopodia
helianthoides is similar in different geographic locations. The important
food items (i.e., gastropods and bivalves) consumed by sunflower sea stars
in Port Etches, Zaikof and Rocky Bays confirm the food items used by this
species in four other northeastern bays of Prince William Sound (Paul and
Feder, 1975), Izhut and Kiliuda Bays of Kodiak Island (Jewett and Feder, in
press), and NEGOA (Jewett and Feder, 1976; Feder et al., in press). Paul
and Feder (1975) reported intertidal and shallow subtidal P. helianthoides
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from Prince William Sound feeding primarily on small bivalve mollusks.
However, the sea star is also capable of excavating for large clams (Mauzey
et al., 1968; Paul and Feder, 1975; Feder and Jewett, in press) examined
sunflower sea stars from Kodiak Island and found the main items, in order
of decreasing percent frequency of occurrence, were snails (Oenopota spp.
and Solariella spp.) and bivalves (Nuculana fossa, Psephidia lordi and
Spisula polynyma). Feder et al. (in press) examined sunflower sea stars

in NEGOA, and found Ophiura sarsi, Cardiidae, Naticidae to be the dominant

food items.

One of the known predator and food competitors of P. helianthoides
is the king crab, Paralithodes camtschatica. Many P. helianthoides observed
by SCUBA diving near Kodiak Island were tightly squeezed into rock crevices
when king crab were in the vicinity. This behavior may represent an avoid-

ance response by the sea star (Feder and Jewett, in press).

CONCLUSION

Benthic trawling operations in Port Etches resulted in the collection
of six invertebrate phyla and 39 species; Zaikof Bay and Rocky Bay pro-
duced 11 and 78, and 9 and 86 phyla and species, respectively. Echinoderms
dominated the biomass in all three bays. The sea star, Pycnopodia helian-
thoides, was dominant in Port Etches and Zaikof Bay, and the basket star,
Gorgonocephalus caryi, was dominant in Rocky Bay as well as Zaikof Bay.
Species dominated each bay in the following manner: Port Etches —
Arthropoda (22 species), Mollusca (8) and Echinodermata (4); Zaikof Bay —
Mollusca (27), Arthropoda (24) and Echinodermata (12); and Rocky Bay —
Arthropoda (35), Mollusca (24) and Echinodermata (18).

Since echinoderms made up the bulk of the epifaunal invertebrate
biomass in the study areas, their biological importance cannot be over-
looked. It is suggested that these organisms do not represent relatively
immobile carbon reservoirs as has been often suggested. Instead, they
contribute pulses of high energy organic material, as gametes, into adja-
cent waters during their spawning periods. It is possible that the

gametes shed‘by the large populations of echinoderms in the study areas
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represent important components generally overlooked in calculations of

secondary productivity (Feder and Paul, unpub.).

Feeding data on invertebrates and fishes in the present study, in
addition to feeding data compiled in previous OCSEAP studies, enhance
our understanding of benthic trophic relationships for the Gulf of Alaska
shelf.

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 three bays studied. Additional seasonal
data are essential. It is only when continuing information is available
that a reasonable assessment of the effect of an oil spill on the benthic

biota of these areas can be accomplished.

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

the development of future monitoring programs for the Prince William Sound

areas.
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APPENDIX TABLE I

BENTHIC TRAWL STATIONS OCCUPIED IN THREE BAYS IN
PRINCE WILLIAM SOUND, 1978

Area Station Coordinates Depth (m)
Rocky Bay
1 60°23'7 147°04'0 62
2 60°23'5 147°02'0 57
3 60°22'4 147°00'0 70
4 60°21'4 146°58'0 85
5 60°21'9 147°02'0 66
6 60°20'9 147°06'0 54
7 60°21'5. 147°04'0 75
Zaikof Bay
8 60°16'5 147°05'0 39
9 60°17'0 147°04'0 43
10 60°17'6 147°03'0 42
11 60°18'1 147°01'0 52
12 60°18'6 147°01'0 64
13 60°19'0 147°00'0 58
14 60°20'0 146°58'0 74
15 60°19'0 146°58'0 61

Port Etches

16 60°20'0 146°42'0 66
17 60°18'4 146°40'7 98
18 60°18'5 146°38'7 64
19 60°19'1 146°36'9 75
20 60°19'4 146°37'4 78
21 60°19'6 146°38'0 75
22 60°19'6 146°35'4 66
23 60°19'9 146°35'9 65
24 60°20'2 146°36'3 - 44
25 60°20'3 146°35'3 42
26 60°20'2 146°34'0 34
27 60°20'8 146°34'4 47

0'7 146°33'3 27

28 60°2
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APPENDIX TABLE Il

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS CONSUMED 3Y SEVERAL FISH SPECIES
IN PORT ETCHES, ZAIKOF BAY AND ROCKY BAY, ALASKA. JULY/AUGUST 1978

Glyptocephalus Hippoglossoides Lepidosetta Limanda Lycodas Bathymaster
sachirus elassodon bilineata asperq brevires signatus
Port Etches Port Etches Zaikof Bay Port Etches Port Etches Zaikof Bay Port Etches Rocky Bay
{M=12) (N=22) (e12) (N=11) (N=18) (N=9) (N=13) (N=22)
Unidentified Plant Material 92 10 - 9 6 89 18 ]
Algas frag. 8 - - - - - 13 . -
Coscinodiscus sp. - - ] - - - - -
Rhodophyta - - 9 - - - -
Foraminifers 8 - 42 - - 22 21 -
Pyrgo sp. - - - - - - 31 -
Polychasts 58 5 50 45 . 22 1 . 69 23
Polynoidae 42 - - - - - 8 9
Phyllodcides 17 - - - - - - -
Nereidae - - - - - 1 - -
Nephtyidas 83 - - 9 - - 15 9
Nephtys sp. - 10 8 - - 11 - -
Ezogone sp. - - - 9 - - - -
Glyceridae - - - 27 - - - -
Glycinde sp. - - - 9 - - - -
Lusbrineridae 8] - - 9 - - - -
Eunicidae - - - - - - - 27
Splonidae 17 - - 27 6 11 8 5
Maldanides - - - - - - - S
Peionospio malmgrent - - - 9 - - - -
Megaloma pacifica - - - 9 - - - -
Scalibragmidae - - - 9 - - - -
Quentia fusiformis - - - 9 - - - -
Asmotrypane aulogaster 8 - - - - - - -
Stermaspis soutata 8 - - - - - - -
Tersbellidae - - - 9 6 - - -
Terebellides stroem: - - - 9 - - - -
Sabellidas 17 - - 27 - - 23 -
Serpulidae - - - - - - 8 -
Bivalvia 17 5 - - 28 33 15 5
Nucula tenuis kk) 5 8 9 6 44 92 -
Vuculana sp. - - - 9 11 87 - -
Nuculana fosea - 24 - - - - 92 -
Yoldia sp. 25 14 42 - 6 39 46 -
Musculus sp. - - - 9 - ' - 8 -
Azinopsida sp. 33 - - - - 56 - -
Arinopsida serricata - - - - - - 18 -
Arinopsida viridis - - - - - - 46 -
Mysella sp. - - - - - 22 - -
Serripes sp. - - - - - 11 - -
Peephidia lordi - - - - - 22 15 -
Yacoma sp. - - - - 6 11 - -
Tellina nuculoidss - - - 27 6 - - -
Pandora se. - - - - - 22 8 -
Lyonsia sp. - 10 - .36 - 11 - -
Dentalium dalli - - - - - 11 - -
Gastropoda - - - - 1 - a S
Alvinia sp. - - - - - 11 15 -
Mitrella sp. - - 8 - - - - -
Olivella bastica ~ - - 9 - - - -
Cingula sp. - - - - - 11 8 -
Barleeiq wp. - - - - - - 8 -
Glostomia ap. - - - - - 11 8 -
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APPENDIX TABLE II

CONTINUED
Glyptocephalus Hippoglossoides Lepidosetta Limanda Lycodes Bathymaster
sachirue elasaodon bilineata aspera brevives simatus
Port Etches Port Etches Zaikof Bay Port Etches Port Etches Zaikof Bay Port Etches Rocky Bay
(N=12) (N=22) (N=12) (N=11) (Ne18) (N=9) {N=13) (N=22)
Cylichna sp. - - - - 6 1 - -
Retusa ap. 8 - - - - - - -
Diaphana sp. - - - - - - 3 -
Crustacea 58 - 8 9 22 - 23 5
Ostracoda - - - - - - 8 -
Calanoidea 8 - 17 - - 11 - -
Harpactacoidea 25 - - - 6 - 23 -
Balaws sp. - ] - - - - - -
Cumscea 17 5 8 - - 33 3 -
Leucon sp. 8 - - - - 11 - -
Nymphon sp. . - - - - - - - 5
Eudorella sp. 67 - - - - 11 - 18
Eudorella emargimata - - - - - - 31 -
Sudorellopsis sp. : 8 - - - - - - -
>iastylis sp. ‘ 25 - - - - - 8 i -
Tanaidacea 5 - - - - - - -
Isopoda - 10 . - - - - - -
Guathiidae - - - - - - - 68
Amphipoda 67 3 k) 73 44 4h n 45
Cammarides - - 8 - - - - -
vibilia sp. - - - - 6 - - -
Parathemisto sp. - - - - - - - 16
Ampeliscidaa 25 5 8 - - - - -
Euphausiidae - 10 17 9 - - - 14
Thysanoessa spintfera - - 33 - - - - -
Decapoda - - - - - 11 - -
Shrimp frag. - 24 17 - - - 8 -
Hippolytidae - 5 - - - - - -
Pandalidae 8 33 8 - 17 - - -
Pandalus borealis - 10 8 - - - - -
Pandalus gomturus - 5 - - - - - -
Crangonidae - - - - 17 - - -
Srangon sp. - 14 - - - - - -
Crab frag. 8 - - - 6 - - S
Crab zoea - - - 9 - - - -
fugurus sp. - 10 17 - 6 - - 9
PaIuus conotensis - 10 - - - - - -
fagurus Leringanus - - - - - - 8 -
Pirmiza sp. 8 - - - 6 - - -
Pimniza coctdentaiis - 10 - - - - - -
Thicnoecetes bairdi - 2% 8 - 22 - - 5
Insecta - - - - - 11 - -
Hemiptera (aphid) - - - - - - - 5
Joifingia margaritacea - - - 9 - - - -
Echinodermata - - - - $ 11 - -
Asteroidea - - 8 - - - - -
Ophiuroides - - 8 9 - - 8 -
Holothuroidea - - - - - - 8 -
Urochordaca - - - 9 6 - - -
Chaetognatha - - - - - - - s
Pisces (Fish) remains 58 24 33 18 22 33 15 55
Unidencified Animal Matarial 92 67 75 91 94 100 92 93
Sediment 83 48 75 2 67 89 69 41
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH
RESPECT TO OCS OIL AND GAS DEVELOPMENT

The objectivés of this study included an inventory and census of
dominant benthic species and their critical habitats. Information on
important species in the food webs supporting the commercially harvested
benthic crustaceans and their methods of feeding was also collected.
Feeding studies of the zoeae of three species of crab and shrimp were
initiated. Growth histories were determined for several species of long

lived, sedentary, small clams.

Epifaunal invertebrate biomass estimations at the ten most productive
stations of the 41 examined ranged from 14 to 3 g/mz. Five of the ten most
productive stations occurred in Kachemak Bay; one in outer Kamishak Bay,
three near the mouth of the Inlet between Shaw Island and the Barren Islands,

and one in the central area of the Inlet.

Kachemak Bay, Kamishak Bay and the area between Shaw Island and the
Barren Islands were found to be important habitats for snow and king crabs.
Few adults of these species were captured in the northern half of the
oil-lease tract selection area. In the southern section of the tract
selection area approximately along 59° of latitude, adult snow crabs were
occasionally abundant. The only major nursery area for snow crabs found
in Cook Inlet was along this same latitude, extending approximately 30 km
northward into the tract selection area. Young snow crabs were also
located throughout Kamishak Bay. The only known nursery area observed
for king crabs, was found along the north shore of outer Kachemak Bay.
Dungeness crab were restricted to Kachemak Bay. With the exception of
large numbers of humpy shrimp in northern Kamishak Bay and Chinitna Bay,
inner Kachemak Bay is the area where most of the pandalid shrimps were

captured. Outer Kachemak Bay is also an important habitat of pandalids.

The large species of crab (snow, Dungeness and king crab) in Cook
Inlet prey primarily on bivalves, barnacles, hermit crabs and crangonid
shrimps. These prey organisms feed either by filtering particulate
organic material, both that settling from above and resuspended from the

sediment, or utilize a combination of sediment sorting and predation on
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other detritivores. The pandalid shrimps feed primarily on polychaetes
and bivalves, and ingest large amounts of sediment and detritus. Post-
larval king crab feed mainly on small crustaceans, and also ingest large

amounts of sediment and detritus.

The zoeae of king crab, snow crab and pink shrimp require zooplank-
ton prey concentrations on the order of 40 to 80 organisms per liter in
order to feed successfully in the laboratory. Prey concentration was
observed to be more important in determining later feeding ability of
king crab zoeae than water temperature within the range of 2° to 6°C.
King crab zoeae can only survive starvation for 3.5 days before losing

their ability to capture zooplankton prey.

Since subtidal bivalves, like other infaunal organisms in lower Cook
Inlet, have nonrandom distributions, precise population monitoring of
these organisms is probably not feasible. Thus, growth rates of bivalves
were examined as a more useful parameter for monitoring environmental
changes within the Inlet. Size and age data were collected for six bivalve
species in the Inlet. Growth rates were found to be relatively similar
throughout lower Cook Inlet. Monitoring growth rates for environmental

changes appear to be feasible.

0il contamination of the benthic environment in Kachemak Bay, Kamishak
Bay or the large area near the mouth of the Inlet between Shaw Island and
the Barren Islands could negatively effect the populations of crab and
shrimp. In addition to the dangers to benthic organisms resulting from the
toxic properties of o0il, hydrocarbon fractions associated with subtidal
sediments or settled drilling muds could be inadvertently ingested and
assimilated by clams, pandalid and crangonid shrimps, hermit crabs, and
post-larval king crabs, all of which feed by sediment sorting. Large crab
species as well as same fishes could then be affected by feeding on these

contaminated prey organisms.

The zoeae of king crab, snow crab and pink shrimp appear to require
zooplankton prey concentrations on the order of 40 per liter. This is a
relatively high density and it is possible that a naturally limiting food

supply exists which regulates recruitment success of these larvae. Zoeae
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are extremely sensitive to low levels of oil pollution in the laboratory,

and oil pollution would be an added stress to food limited larvae. Thus,

0il pollution could result in a reduction in the stocks of these crustaceans.
However, lack of information on the effect of oil pollution on benthic
species of Cook Inlet currently precludes quantitative estimations of the

extent or type of damage that oil contamination could cause.

IT. TINTRODUCTION

GENERAL NATURE AND SCOPE OF STUDY

The operations connected with oil exploration, production, and trans-
portation in Cook Inlet present a wide spectrum of potential dangers to
marine benthic organisms. Initially the benthic biological program in
Cook Inlet emphasized development of an inventory of species as part of
the examination of biological, physical and chemical components of those
portions of the shelf slated for oil exploration and drilling activity.
Very little information on the non-commercial benthic fauna of Cook Inlet
was available before this study. Experience in pollution-prone areas of
England (Smith, 1968), Scotland (Pearson, 1972, 1975; Pearson and Rosenberg,
1978) and California (Straughan, 1971) suggests that after the completion
of an initial study, selected stations should be examined regularly on a
several-year basis to determine changes in species content, diversity,
abundance and biomass. The data collected by trawls, grabs and dredges
on the eight available OCSEAP cruises in lower Cook Inlet (April 1976-
August 1978) provide a species inventory for the area. However the data
collected are insufficient to generate the data necessary for the develop-
ment of a population monitoring program. TFollowing reduced OCSEAP funding
in 1977-78 the emphasis of the trawl program was altered from distribution
and abundance estimations to (1) identification of important species in
food webs supporting commercially important crustaceans and fishes, and

(2) examination of critical habitats of these organisms.

Long-lived infaunal benthic organisms should be useful as indicator

species for polluted or disturbed areas because they remain in place and
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cannot escape a degraded habitat. Work on the clam, Macoma balthica, in
Port Valdez, Alaska, suggested that bivalves may be good indicators of
0il pollution (Shaw et al., 1976). Therefore, an intensive investigation
of growth rates, growth history and mortality of common subtidal clams of
Cook Inlet was included in the study. Information is available for six

species of clams from 34 OCSEAP stations in lower Cook Inlet.

The planktonic larval forms of many dominant crustaceans are extremely
sensitive to Cook Inlet crude 0il. There are numerous environmental fac-
tors such as stormy conditions, water temperature, salinity, prey avail-
ability and predator densities, which affect survival rates of crustacean
larvae. However, the effects of the interactions of these variables on
recruitment successes of Cook Inlet crab and shrimp larvae are undescribed.
Therefore, studies of the benthic forms of the commercially important
crustaceans were extended to their larvae. Preliminary information on
zooplankton prey concentrations necessary for successful feeding of the
first zoeae of king crab, snow crab, and pink shrimp is available. Data
on the effects of starvation and water temperature on feeding success of
king crab zoeae are also available. This portion of the project remains

preliminary and incomplete.

RELEVANCE TO PROBLEMS OF PETROLEUM DEVELOPMENT

0il pollution at the sea surface is a commonly observed occurrence;
however, hydrocarbons can also be transported to the sea bottom and become
associated with its sediments. Following a fuel o0il spill in Buzzards Bay,
Massachusetts, bottom sediment was contaminated fo a water depth of 42 feet
(Blumer et al., 1971). The oil persisted within the sediments for two
yvears after the spill (Blumer and Sass, 1972). Similarly a bunker C oil
spill off Nova Scotia resulted in the oil accumulating in the sediments,
and little diminution of its concentrations could be measured after 26
months following the spill (Scarratt and Zitko, 1972). Analysis of hydro-
carbons in surface sediments and the clam, Mercenaria mercenaria, of
Narragansett Bay showed that both contained hydrocarbons present in crude
0il; these hydrocarbons were not present in samples from unpolluted areas

(Farrington and Quinn, 1973).
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Little is known concerning the effect of o0il pollution on Alaskan
benthic communities. A direct relationship between trophic structure
(feeding type) and bottom stability has been demonstrated by Rhoads (see
Rhoads, 1974 for review). A diesel fuel spill resulted in oil becoming
absorbed on sediment particles with resultant mortality of many deposit
feeders 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. The most common members of the infauna of Cook Inlet
are suspension or deposit feeders; thus, oil-related mortality of these
species could result in a changed near-bottom sedimentary regime with
subsequent alteration of species composition. If such a change were to
occur, the food webs supporting the existing species would likewise be

altered.

It is possible that organisms feeding on detritus, and thus ingesting
large amounts of oil contaminated sediments or on detrital feeding prey
could concentrate hydrocarbons in their tissues. Concentration of hydro-
carbons in the tissues of several bivalve species has been demonstrated.
The clam, Macoma balthica, can acquire hydrocarbons from oil contaminated
sediments (Shaw et aql., 1976). Mussels, Mytilus edulis, can accumulate
hydrocarbons in excess of 1,000 times the exposure levels (Fossato and
Canzonier, 1976). Bivalve molluscs are an important component of the

infauna of lower Cook Inlet.

The importance of detrital-sediment feeding and, the potential for
ingestion of hydrocarbons by the commercially important crustaceans and
their prey, was unknown prior to the present project. Therefore, a program
of trawl, grab and dredge sampling designed to obtain specimens for stomach
analysis and information on predator and prey species abundance was initi-
ated. The amount of sediment present in stomachs of species identified as
potentially dependent on detrital feeding by microscopic analysis was
analyzed. The data identify the organisms that would be expected to ingest
significant amounts of oil contaminated sediment. The major prey species

that could transfer hydrocarbons to crab and shrimp and some fish predators

were also identified.




It is known that the moulting success of the snow crab decreases in
the presence of crude oil (Karinen and Rice, 1974). Snow crab are the

dominant epibenthic invertebrates in Cook Inlet.

The larvae of the commercially important crab and shrimp are killed
by low concentrations of oil pollution (Rice et al., 1976). However, in
order to separate mortality due to oil-related activities and naturally
occurring factors such as temperature and prey availability, it was neces-
sary to first examine the interactions of the factors responsible for
natural mortality. Therefore, studies of the effects of zooplankton prey
availability and seawater temperature on the feeding success of the zoeae
of king crab, snow crab and pink shrimp were initiated. The results of
this work compliments existing data on the toxicity of oil to these zoeae
(Rice et al., 1976).

Because of the ability of bivalve molluscs to accumulate hydrocarbons,
information on growth and mortality of common bivalves was collected. This
type of data, in conjunction with tissue analysis (see Shaw et al., 1976),
can provide an adequate program for monitoring environmental degradation

in areas where population monitoring is not feasible.

ITI. CURRENT STATE OF KNOWLEDGE

Few data concerning the biology, other than crab and shrimp surveys,
of the benthos of Cook Inlet were available until recent OCSEAP studies
were initiated. The U.S. Bureau of Commercial Fisheries (National Marine
Fisheries Service) have conducted distribution and abundance surveys in
this area on shrimps and crabs since 1958 (see references below). More
recent investigations on larval and/or adult stages of shellfish species
have been carried out (Hennick, 1973; ADF&G, 1976; Feder, 1977). A detailed
examination of the food of snow crabs from lower Cook Inlet is included in
Paul et al. (1979a). Data on non-commercial, benthic invertebrates are not
as extensive as that available for commercial species in lower Cook Inlet
(U.8., Bureau of Commercial Fisheries, 1958, 1961, 1963 cited in U.S. Dept.
Interior 1977; Feder, 1977). Publications subsequent to OCSEAP work include

information on: the distribution of crab and shrimp larvae (Haynes, 1977)
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and post-larval king crab (Sundberg and Clausen, 1977); food of shrimp

(Crow, 1977) and a benthic faunal reconnaissance (Driskell, 1977) in Kachemak
Bay. The final report of other incompleted OCSEAP studies will include
information on benthic bacteria (Griffiths and Morita, OCSEAP Final Report,
in press; Atlas OCSFEAP Final Report, in press); fishes (Blackburn and
Jackson, OCSEAP Final Report, in press); shallow water benthos (Lees and
Rosenthal, OCSEAP Final Report, in press); and meroplankton (English, 1979).

Descriptions of various aspects of the physical oceanography of Cook
Inlet appear in several publications and reports (Knull and Williamson,
1969; Kinney et al., 1970; Evans et al., 1972; Gatto, 1976; Burbank, 1977;
and Muench et al., 1978; Fig. I11.1). In spring and summer, Gulf of Alaska
water enters lower Cook Inlet through Kennedy Entrance at the southeast,
flows both north and west following bathymetry before merging with a
strong southerly flow on the western side of the inlet (Muench et al.,

1978 and Gatto, 1976). Data presented by Knull and Williamson (1969)
suggest a gyre system in outer Kachemak Bay. Burbank (1977) described a
large clockwise gyre in the western half of the outer bay and a slightly
smaller counter clockwise gyre occurred in the eastern half. Knull and
Williamson (1969) estimated a flushing time for the entire Kachemak Bay

of 27 days. This relatively long residence time of water is a factor which
contributes to the development of a large May to August phytoplankton popu-
lation in outer Kachemak Bay (Larrance and Chester, 1979). This prolonged
period of high rates of primary production results in a large input of
organic matter to the bottom of Kachemak Bay throughout the summer and
helps to explain the large populations of crab and shrimp found there.

In the rest of the Inlet the water is more throughly mixed and phytoplank-
ton populations are diluted resulting in considerably lower levels of

plant production and organic input to the bottom (Larrance and Chester,
1979). The contribution of detritus of terrestial origin to Cook Inlet

remains to be described.

IV. STUDY AREA

The established stations for Cook Inlet are tabulated in Table IV.I
and Fig. IV.1.
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Figure I1I.1. Diagram of spring and summer mean flow in lower
Cook Inlet (after Muench et al., 1978).
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TABLE IV.I

LOWER COOK INLET BENTHIC STATIONS

Station
Name Latitude Longitude Depth (m)

2 59°00.3"' 152°11.6"' 117

3 59°00.3"' 152°21.6" 123
4 59°00.3" 152°30.0' 152

5 59.00.3" 152°42.,5" 166

5A 59°00.3" 152°47.5" 181

6 59°00,3" 152°49,7" 166

7 59°00.3"' 153°03.1" 150

8 59°00.3" 153°10.6"' 121

8B 59°01.0"' 153°13.0' 111

9 59°08.4"' 152°04.2" 129
11 59°06.0"' 152°20.0' 116
12 59°08.9' 152°26.1" 121
14 59°10.3" 152°47.1" 146
15 59°10.0' 152°54.0"' 139
16 59°09.8" 153°06.9' 91
17 59°10.0"' 153°13.5' 67
18 59°09.3" 153°24,8" 44
19 59°15.5" 152°10.7"' 110
21 59°15.3" 152°26.6"' 90
23 59°15.3" 152°49.3" 91
25 59°15.9° 153°08.5" 59
26 59°15.8" 153°20.0' 42
27 59°15.6"' 153°33.8" 32
28 59°15.4"' 153°40.0" 31
29 59°22.6"' 152°09.4"' 81
30 59°21.5' 152°24.1" 81
31 59°23.3" 152°35.7' 73
33 59°22.3" 153°05.0' 53
35 59°24.9' 153°17.7"' 42
36 59°30.0' 153°15.7"' 33
37 59°41.3"' 151°11.1° 59
39 59°34.9' 151°30.4"' 99
40 59°33.1" 151°46.8"' 69
40A 59°36.7"' 151°51.6"' 31
40B 59°39.0' 151°51.9' 33
41 59°32,7"' 151°55,3" 35
42 59°32.1' 151°04.5"' 40
42A 59°33.8" 152°12,5" 32
44 59°33.1" 152°13.7" 68
44A 59°33.1' 152°18.6"' 61
45 59°32.7' 152°25.5" 57
45A 59°27.6' 152°26.0"' 57
46 59°33,5" 152°35.5" 81
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TABLE IV.I

CONTINUED

Station
Name Latitude ‘Longitude Depth (m)
47 59°33.9' 152°43.7" 55
47A 59°28.2' 152°44.1° 68
48 59°34.0' 152°54.0" 42
49 59°33.1"' 153°04.0"' 37
49A 59°29.1" 153°01.1"' -
51 59°35.0' 153°05.0" 36
52 59°34.0"' 153°10.0"' 35
53 59°31.8' 153°11.0' 37
54 59°33.4"' 153°24.5"' 24
55 59°40.0' 151°59.5" 29
56 59°37.0° 153°02.0' 35
56A 59°41.7" 152°58.0' 31
57 59°45.1"' 152°03.3" 35
58 59°46,1" 152°13.0"' 58
59 59°46.2" 152°23.4"' 82
60 59°46.8"' 152°34.7" 38
61 59°47.0" 152°43.7" 34
62 59°46.2"' 152°55.0' 26
62A 59°49.8"' 152°52.3" 24
628 59°48.9"' 152°49.6"' -
63 59°55.7"' 151°58.6" 31
64 59°54.9"' 152°08.9' 60
66 60°03.3" 151°48.3" 44
67 60°01.5" 152°01.0' 51
68 60°02.8"' 152°13.3" 60
69 60°03.3"' 152°20.5"' 55
70 60°10.3" 151°39.8"' 41
74 60°10.0"' 152°23.3" 55
75 60°20.3" 151°34.5"' 27
76 60°20.0' 151°46.0"' 27
76A 60°18.3" 151°45.2"' 47
C 59°07.5' 152°46.1"' 147
M 59°32.9' 152°08.2"' 48
Wl 58°53.1" 152°51.4" 172
w2 59°22.7"' 152°42.6"' -
UOF 59°21.0' 153°15,2" b4
UoG 59°20.8' 152°43.8" 68
El 59°22,2' 153°23.1' 27
E2 59°22.0' 153°05.0' 27
N1 59°27.4" 153°23.1"' 25
N2 59°28.2' 153°22.0° 27
N3 59°29.5"' 153°23.1° 25
NE1 59°24.8"' 153°18.1"' 43
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TABLE IV.I

CONTINUED .

Station

Name Latitude Longitude Depth (m)
NE2 59°26.8" 153°14.3" 55
NE3 59°28.9' 153°10.5" 43
350 57°31.5" 155°36.0"' 176
358 57°20.4" 154°57.2"' 203
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Figure IV.1.

for 1976, 1977 and 1978 (Feder et al., 1980).
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V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Sampling (Table V.I) was accomplished with an Fastern otter trawl
(12.2 m), try-net (3.6 m), Agassiz trawl (1.6 m). This variety of trawls
was necessary because of differences in bottom type and capability of
ships to deploy the nets. 1Infauna was collected with a pipe dredge,
and van Veen grab. All three trawl types differed in their efficiency
of capturing the different benthic species (see Appendix 1). Preliminary
workup of trawl material was accomplished onboard ship. Live weights
were obtained on the ship. All dredge and grab materials were washed on
1.0 mm screens., All invertebrates were given tentative identificatiomns,
and representative samples of individual species were preserved in 10%
buffered formalin, and labeled for final identification at the Institute
of Marine Science and the Marine Sorting Center, University of Alaska.
Trawl data from the R/V Moana Wave must be considered very qualitative
because the navigational system used proved to be inadequate. Try-net
data were used primarily to compare the fauna of different areas because
this was the only trawl that could be successfully deployed by all of the

various ships utilized for sampling.

Final analysis of material was accomplished in the laboratory in
Fairbanks and Seward, and the Marine Sorting Center, University of Alaska,
by methods developed in past offshore OCSEAP studies. All speciles were
assigned Taxon Code numbers, and summarized according to computer programs
developed for benthic studies by Grant Matheke and the Data Processing

Section of the Institute of Marine Science, University of Alaska.

Samples were collected using a 0.1 m2 van Veen grab weighted with
50 kg of lead to facilitate penetration where they were washed through
a 1.0 m screen. Samples were transferred to plastic bags then fixed and
preserved in 10% Hexamine-buffered formalin. Samples were then transferred
to the Institute of Marine Science in Fairbanks for identification and

analysis.

In Seward, the samples were washed through a 1 mm mesh screen to re-
move the formalin and any remaining sediment and then rough sorted using a

magnified sorting lamp. Specimens were identified using a Wild dissection
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microscope of 60x to 500x magnifications. A compound microscope of 100x

to 1000x magnifications was used, as needed, to assist in the identifica-
tions. A wet weight was taken of each identified species using a Mettler
balance. Samples were recombined and catalogued for future use, should
this be necessary. A voucher collection was made, In which representatives
of each identified specimen were preserved; this collection is housed at

the Institute of Marine Science, Fairbanks.

Site groups and species assemblages were identified using cluster

analysis. Cluster analysis can be divided into three basic steps.

1. Calculation of a measure of similarity or dissimilarity

between entities to be classified.

2. Sorting through a matrix of similarity coefficients to

arrange the entities in a hierarchy or dendrogram.
3. Recognition of classes within the hierarchy.

Data reduction prior to calculation of similarity coefficients
consisted of elimination of taxa that could not be identified to genus
and all taxa which were collected at only one station and which accounted

for less than 107 of the total biomass or individuals at that station.

The coefficient used to calculate similarity matrices for cluster

analysis routines was the Czekanowski coefficient!

Czekanowski Coefficient

_
1,2 A+ B

i

the sum of the measures of
attributes of entity one

Cs where A

B = the sum of the measures of
attributes of entity two

W = the sum of the lesser measures
of attributes shared by entities
one and two.

The Czekanowski coefficient has been used effectively in marine benthic

studies by Field and MacFarlane (1968), Field (1969, 1970 and 1971), Day

1The Czekanowski coefficlent is synonymous with the Motyka (Mueller-
Dombois and Ellenberg, 1974), and Bray-Curtis (Clifford and Stephenson,
1975) coefficients.
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et al. (1971), Stephenson and Williams (1971), and Stephenson et al. (1972).
This coefficient emphasizes the effect of dominant species on the classifica-
tion, and is often used with some form of transformation. The Czekanowski
coefficlent was used to calculate similarity matrices for normal cluster
analysis (with sites as the entities to be classified and speciles as their
attributes) and inverse cluster analysis (with species as entities and

sites as attributes) using both untransformed and natural logarithm trans-—
formed abundance data (individuals/mz). The natural logarithm transforma-
tion, Y = In(X+1), reduces the influence that dominant species have on

the similarity determination.

Dendrograms were constructed from the similarity matrices using a
group-average agglomerative hierarchical cluster analysis (Lance and
Williams, 1966). Two-way coincidence tables comparing station groups
formed by normal analysis and species groups formed by inverse analysis
were constructed as an aid in the interpretation of dendrograms formed by
cluster analyses (Stephenson et aql., 1972). 1In each table the original
specles x stations data matrix was rearranged (based on the results of both
normal and inverse analysis) so that the stations or species with the

highest similarities were adjacent to each other.

Species diversity can be thought of as a measurable attribute of a
collection or a natural assemblage of species, and consists of two com-
ponents: the number of species or "species richness' and the relative
abundance of each species or "evenness'". The two most widely used measures
of diversity which; include species richness and evenness are the Brillouin
(Brillouin, 1962) and Shannon (Shannon and Weaver, 1963) information mea-
sures of diversity (Nybakken, 1978). There is still disagreement of the
applicability of these indices, and the results are often difficult to
interpret (Sager and Hasler, 1969; Hurlbert, 1971; Fager, 1972; Peet, 1974;
Pielou, 1966a, b). Pielou (1966a, b, 1977) has outlined some of the con-

ditions under which these indices are appropriate.

The Shannon Function

n
H' = - p, log p, where p, = 1
i i i i N

number of individuals

where ni
in the ith species

N total number of individuals
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Assumes that a random sample has been taken from an infinitely large popula-
tion whereas the Brillouin function

1 N.
_ﬁ 1og

H =

n.'n leeen !
s

1772
is appropriate only if the entire population has been sampled. Thus, if
we wish to estimate the diversity of the fauna at a sampling site the
Shannon function is appropriate. The Brillouin function is merely a mea-
sure of the diversity of the five grab samples taken at each site, and
makes no predictions about the diversity of the benthic community that the
samples were drawn from. The evenness of samples taken at each site can
be calculated using the Brilliouin measure of evenness, J = H/H

maximum’

where H = Brillouin diversity function. H the maximum possible

“maximum’
diversity for a given number of species, occurs if all species are equally
common and is calculated as:

1 N!

= = log
N s TN/ s14) 11T

H
maximum

[}

where [N/s] the integer part of N/s

s = number of species in the censused
community
r = N - s[N/s]

Theoretically the evenness component of the Shannon function can be
calculated from the following:

H'
~ log s*

where H'
s%

J' Shannon diversity function
the total number of species in the

randomly sampled community

However, s* is seldom known for benthic infaunal communities. Although
the theoretical basis for the Shannon and Brillouin diversity indices
differ, they have been shown to be closely correlated and were calculated
in the present study (see discussions in Loya, 1972 and Nybakken, 1978).
Species richness (Margalef, 1958) was calculated as:

_ (s-1
In N

where S = the number of species
N the total number of individuals

SR
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Crabs and shrimps, for stomach analysis, were captured with trawls during
the period of October 1976 to July 1978. Stations selected for study were
those where the species examined were abundant. The stomachs of snow, king
and dungeness crabs were removed immediately after capture and examined
with a dissection microscope on shipboard or in the laboratory. Shrimp
and hermit crabs were fixed in 10% formalin on the ship and examined in
the laboratory at a later date. A dissection microscope was used to examine
hermit crab stomachs. Both dissection and compound microscopes (100x)
were utilized to examine the shrimp, post-larval king crab and small snow
crab stomachs. The latter method facilitates identification of diatoms,
polychaete setae and small fragments. Percent frequency of occurrence
was computed based on the total number of stomachs examined. Additional
sampling at each station with dredges, grabs, and fine mesh nets captured
prey organisms, and facilitated identification of stomach contents.

Stomachs of fishes were primarily examined on shipboard, and frequency

of occurrence data tabulated.

Post-larval king crab were collected by the Alaska Department of Fish
and Game Marine and Coastal Habitat Management group with a bottom skimmer
and a diver operated suction dredge (Sundberg and Clausen, 1977). The
crabs were fixed in a solution of equal parts glycerine, isopropanol, and
water. Standard length and width measurements were taken for each post-
larval king crab. The stomachs were then dissected out, placed on a
microscope slide, opened, and the entire contents left on the slide. The
stomach contents were viewed at 100x to 400x magnifications, using a
compound microscope and the contents were identified to the lowest taxa

possible. Whole food items were counted when possible.

The percent fullness of snow crab stomachs was examined by injecting
stomachs with water until full, then emptying the contents into graduated
centrifuge tubes, centrifuging and then determining the percent of total

volume that consisted of food material.

Analysis of the gut sediment content of snow crab, shrimps and hermit
crabs was performed on a dry weight basis. The stomach contents of each

species from selected stations was dried at 60°C, weighed, digested with
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107 potassium hydroxide, and treated with concentrated hydrochloric acid
to eliminate shell and carapace fragments. The sample was redried and
weighed. The sediment component was then calculated as the initial dry
weight of contents divided by the final dry weight and expressed as a
percentage. A control with known dry weights of sand and tissue was also
evaluated by this method. The control evaluation showed the sediment
analysis technique to be accurate to within 2%, with the error resulting
in underestimation of sediment content. Sediment weight determined by
this method is, therefore, conservative since carbonates naturally as-

sociated with the sediment are eliminated.

Concentration of zooplankton prey necessary for successful feeding
of king crab, snow crab, and pink shrimp zoeae were determined. Egg-
bearing females from Cook Inlet were held at the Seward Marine Station
on Resurrection Bay until hatching occurred. Seawater came from a depth
of 75 m. Water temperatures ranged from 5° to 6°C, and salinity from 32
to 33.5°/,0. Zoeae were held in containers with wild plankton (concentra-
tions 1,000 per liter) as food for three days before initiation of experi-
ments, Zoeae were placed in beakers (12.5 cm high, 9 cm diameter)
containing 500 ml filtered seawater, at concentrations of five zoeae per
beaker, The beakers were kept in a 12-hour light, 12-hour dark cycle.
During the light period prey tended to congregate, but dispersed randomly
in the dark. The beakers were kept in a 4,000 liter water bath to maintain
temperature. Zoeae were moved to new beakers each day with freshly counted
prey. Copepods which passed through a 0.5 mm2 screen were isolated and
fed to the zoeae. Prey concentrations in the beakers were 0, 20, 40, 80
and 160 organisms per liter. A dissection microscope was used to count
prey. Observations of the feeding activity of king crab, snow crab, and
pink shrimp zoeae lasted 11, 10, and 13 days respectively. Experiments
were terminated when the first zoeae began to moult. If a zoea died, it
was removed but not replaced. Prey concentrations in beakers were kept
at original levels reagardless of the number of zoeae present by adding
the requisite number of prey each day. A standard one-way analysis of

variance (Snedecor, 1956) was utilized to compare feeding rates at dif-

ferent prey concentrations.




The effect of starvation on later ability of king crab zoeae to capture
zooplankton prey was determined. A female with hatching eggs captured
in Cook Inlet, Alaska, was placed in a tank with static water at 5:00 p.m.
Temperature was kept at 5°C. Stage one zoeae were removed for experiments
the following morning at 8:00 a.m. and hatching time was assumed to be
12:00 a.m. Zoeae were placed in beakers (125 mm high, 90 mm diameter)
containing 500 ml filtered seawater, salinity 33°/,,, at concentrations
of 5 zoeae per beaker. The outside of the beakers were covered with black
plastic and a light source of 350 lux maintained directly overshead 24 hours
a day. The temperature in three beakers was maintained at 2°C (standard
deviation = 0.0°C), while two similar sets of three beakers each were held
at 4°C (standard deviation = 0.0°C) and 6°C (standard deviation = 0.8°C),
respectively, The zoeae in one beaker of each temperature group received
food immediately, age assumed 12 hours and every 24 hours thereafter. The
zoeae in the second and third beakers of the three temperature groups were
first fed after 60 hours (2.5 days) and 84 hours (3.5 days) of starvation,

respectively.

The prey for zoeae studies consisted of wild copepods and copepodids
primarily of the genera Pseudocalanus, Acartia, and Oithona that passed
through a 0.5 mm2 screen but were retained by a 0.35 mm2 screen. The
average total length of prey organisms was 0.8 mm with a standard deviation
of 0.1 mm. Feeding was accomplished by placing the zoeae in beakers con-
taining 50 prey organisms (prey concentration = 100 per liter). There-
after, each day, the zoeae were moved to new beakers with 50 fresh prey.

A gentle flow of air which passed through an air stone at the bottom of
each beaker was utilized to keep prey randomly dispersed and to prevent
them from settling. The air flow was adjusted so it did not interfere

with the swimming of the zoeae.

Predation rates were determined by counting the number of prey remain-
ing after 24 hours of feeding. Three control beakers containing prey but
no predators were used to check the accuracy of the counting method. All
prey in control beakers were accounted for during the recount. All enumera-
tion of prey was done with a dissection microscope. Feeding observations

were continued for seven days. Regression analysis (Snedecor, 1956) was
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used to examine the relationship between the number of hours starved before
feeding and the number of prey killed. The data used in the analysis
include all daily feeding observations for all three temperature groups.

The validity of the correlation coefficient (r) was measured using the

formula t = Yvr2/(1~-r?) where v = n-2.

Clams for growth studies were collected in lower Cook Inlet in April
and October 1976 mainly with a 0.1 m2 van Veen grab, and pipe dredge (36 x
91 cm) on the R/V Moana Wave and NOAA ship Miller Freeman. Occasionally,
clams were obtained with a trawl or clam dredge. A try-net was used to
collect empty shells of Spisula polynyma. Alaska Department of Fish and
Game, Homer Office, supplied samples of fresh, frozen S. polynyma from four
Cook Inlet (Kachemak Bay) stations sampled with an anchor dredge?. Grab
and pipe dredge samples were washed on a 1 x 1 mm mesh screen, and bivalve
species were separated from other benthic organisms. The screen retained

all but recently settled clams.

Six relatively abundant species--Nucula tenuis, Nuculana fossa,

Glycymeris subobsoleta, Spisula polynyma, Macoma calcarea and Tellina

. nuculoides--were selected for detailed study. Some of the clams collected
could not be aged due to their damaged condition. Not all stations were
used in the clam aging studies; however, all stations at which a species
was collected are included in the distribution maps. All clams used for
aging were pooled, i.e., clams from all sampling gear and all collection
dates. Aging was accomplished by the annular method (Weymouth, 1923)
using a Nikon dissection microscope and a 2x lens. Annuli, a series of
closely spaced concentric growth rings, are the result of slow growth at
low winter temperatures (Paul and Feder, 1973). The term O age group refers
to individuals of the settling year class that have undergone one growing
season (5 to 6 months) before forming their first winter annulus. Thus,
individuals referred to as 1 year of age are actually 17 or 18 months old,
and have lived through two growing seasons. The 0 annulus was not measured,

except on 0 age clams, because of abrasion of the umbo on most of the older

2g5ee Alaska Department of Fish and Game, Homer, for station locations.
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shells. Two types of measurements were made on all clams: total shell
length (in millimeters) of each specimen and length (in millimeters) at

each annulus. Growth history tables were generated from the measurements

of length at each annulus. The last annulus on all specimens in the collec-
tion was formed in the winter of 1975-1976, and length values for this
annulus were assigned to the year 1976 in growth-history tables. Selected

growth history tables for each clam species are included in this report.

Age-structure tables were generated; only stations with 10 or more
specimens of a given species are included in individual station tables.
In addition, tables are presented that include a summary of age-structure

for each species from all stations where it was collected.

All data were processed by a Honeywell 66/40 computer. Mean shell
length, range, standard deviation, and standard error of the mean were
plotted to show the relationship between shell length and age. The hori-
zontal line in the latter plot is the mean, the vertical line is the range,
the white box is the standard deviation, and the black box the standard
error of the mean. The standard error of the mean and the standard devia-

tion are not shown for age classes with a sample size of five or less.

Pipe dredge samples were collected at stations with relatively large
numbers of clams. These samples were frozen. The six species of clams
were removed from the frozen sediment and aged. Selected specimens from
each age group were dried whole at 60°C until a constant weight was reached.
Ten percent KOH was used to dissolve the tissues of these dried clams. The
shells were then rinsed in distilled water and redried at 60°C until a
constant weight was observed. Dry meat weight was calculated by subtract-
ing shell weight from total dry weight. The mean numbers of clams in each
age class present in grab samples were multiplied by the mean dry meat
weights at the appropriate age. Calculated dry meat weights of each age
class were added to obtain total clam tissue dry weight or biomass at a

station.

Mortality rates were determined by the use of Gruffydd's (1974) tech-
nique. That latter technique, developed to determine mortality in scallops,

assumes that although recruitment varies from year to year at a particular
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station, overall recruitment to a large area is fairly constant. With this
assumption, the toal number of specimens for Nucula tenuis, Nuculana fossa,
Glycymeris subobsoleta, Macoma calecarea, and Tellina nuculoides from all
stations' samples were plotted against age. These curves eliminate the
effect of uneven recruitment apparent in individual samples. Utilizing

the number of individuals estimated from the curve rather than the actual
catch, the percent mortality (Z) is estimated using the expression,

Z = Nt+l = Nt' e—z(t); where N = number of clams, t = time, t+l = time at
the next year, z = mortality coefficient, and e = 2.718. The mortality

curves were drawn by computer, a modification from Gruffydd's (1974) tech-

nique where the curves are plotted by eye on semi~log graph paper.




TABLE V.I
BENTHIC STATIONS SAMPLED AND TYPE OF GEAR USED IN LOWER COOK INLET
van Eastern

Station Pipe Agassiz Try—- Veen Otter
Name Dredge Trawl net Grab Trawl
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TABLE V.I
CONTINUED
van Eastern

Station Pipe Agassiz Try- Veen Otter
Name Dredge Trawl net Grab Trawl
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VI. RESULTS AND DISCUSSION

SECTION A ~ TRAWL AND GRAB PROGRAM FOR LOWER COOK INLET

Biomass by Area for Trawl Samples

The average invertebrate epifaunal biomass values reported for lower
Cook Inlet, 2.41 g/m2 (Table VI.A.I), in the present study are similar to
biomass estimations of 2.6 g/m2 determined for the northeast Gulf of Alaska
(Jewett and Feder, 1976). Figure IV.1 illustrates station positions dis-
cussed in this section. (Also, see Feder et al., 1978 for biomass distribu-

tion maps of 1976 cruise data.)

Three of the ten most productive stations (5A, 6, 23) are included
in the oil-gas lease area (Fig. IV.1). The majority of the stations in the
central zone lease area had untrawlable bottoms and sampling in the area
was restricted to three stations. In a ranking from highest to lowest
weight of invertebrates (g/mz) for the 41 stations, these three stations
(23, 49 and PMEL 4) ranked 10th, 13th, and 28th (Table VI.A.I), respectively.

On a regional basis the weight of invertebrates captured by trawl in
inner Kachemak Bay averaged 0.75 g/m2 (Table VI.A.II). However, due to
the large size of the ships used, sampling was restricted to three stations
and the data may not be representative of the whole area. In the remainder
of Kachemak Bay (Tables VI.A.III, VI.A.IV) invertebrate live weight averaged
2.45 g/m2 and 9.13 g/m2 in the middle and outer regions of the Bay, respec-—
tively. The latter figure was the highest biomass estimation of all of the

regions of Cook Inlet examined (Fig. IV.1).

In the central zone of the Inlet (Fig. IV.l) the average weight of in-
vertebrates, 1.77 g/m2 (Table VI.A.V), was below the average of 2.41 g/m2
(Table VI.A.I) for the whole of lower Cook Inlet and less than half that of
Kachemak Bay. The invertebrate biomass, 2.62 g/m2 (Table VI.A.VI) in the

outer region (Fig. IV.1l) of the Inlet was similar to the average for all of

lower Cook Inlet, 2.41 g/mz. The average biomass of invertebrates, 2.11
g/m2 Table VI.A.VII) in lower Kamishak Bay (Fig. IV.1l) was higher than upper
Kamishak Bay, 1.18 g/m2 (Table VI.A.VIII) and both were below the average,




2.41 g/mz, for lower Cook Inlet. Table VI.A.IX provides a ranking of in-
vertebrates wet weights for the seven areas sampled. Weights (g/mz) and
numbers (per km fished) of selected organisms are also included in Sec-

tion D.

Species Composition by Area for Trawl Samples

Generally, three to four species dominated the invertebrate fauna
captured by trawls at individual stations in lower Cook Inlet (Tables
VI.A.IT-VI.A.VIII). 1In twenty-three of the stations, the three most
abundant taxa accounted for more than 80% of all organisms captured (Tables
VI.A.TI-VI.A.VIII). Similarly, the three most abundant taxa accounted for
over 807 of the total weight at 267 of the stations and 70% of the weight
at 17% of the stations.

In inner Kachemak Bay the pandalid shrimps Pandalus borealis (pink
shrimp), P. goniurus (humpy shrimp) and P. hypsinotus (coonstripe shrimp)
dominated the catch in terms of number (Table VI.A.II). TIn terms of weight,

P. borealis and P. hypsinotus were the dominant organisms.

In mid-Kachemak Bay (Fig. IV.1) Pandalus borealis, Crangon dalli and
the sea cucumber, Cucumaria fallax were numerically most abundant (Table
VI.A.III). Chionoecetes bairdi (snow crab), P. borealis, Cancer magister
(dungeness crab) and the sea pen (Ptilosarcus gurneyi) were the most
abundant organisms by weight in the area (Table VI.A.III). 1In outer
Kachemak Bay the echinoderms (. fallax and Strongylocentrotus droebachiensis
(sea urchin), plus the sand dollar, Echinarachnius parma, dominated both
in numbers and weight (Table VI.A.TV). King crab (Paralithodes camtschatica)

was dominant at Station 43A.

In the central zome of Cook Inlet (Fig. IV.l) each station was dominated
numerically by different organisms with C. bairdi, Crangon spp. (sand
shrimps), E. parma and P. guneyi generally important (Table VI.A.V). 1In
the outer Cook Inlet region between Shaw Island and the Barren Islands

C. bairdi and P. camtschatica were most abundant in terms of weight. In

this area (. bairdi and crangonid shrimps were numerically abundant
(Table VI.A.VI).




The crangonidae and C. bairdi were also numerically abundant in lower
Kamishak Bay. Chionoecetes bairdi was the dominant organism in terms of
weight (Table VI.A.VITI). In upper Kamishak Bay Crangon dalli was the
most abundant organism at five of the ten stations sampled. Strongylocen-
trotus droebachiensis, Pandalus goniurus, and (. bairdi were dominant at
one station each. The weight composition at four stations was dominated
by C. bairdi while S. droebachiensis, P. goniurus, and C. dalli were domi-
nant at one station each (Table VI.A.VITI). A general summary of Cook
Inlet taxa captured by trawl appears in Tables (VI.A.IX, VI.A.X, and
VI.A.XI.

Further information on distribution of 14 dominant species occurs in
Section D, Data for individual stations are available from The National
Oceanographic Data Center. A taxa list for nearshore benthos captured by

a bottom skimmer appears in Appendix 2.

The dominant phyla in numbers per m2, for combined data from all 41
stations, were Arthropoda (Crustacea) (91%), Mollusca (3.5%), and Echino-
dermata (3%). In terms of live weight the dominant groups were Arthropoda
(Crustacea) (74%), Echinodermata (17%), and Mollusca (5.8%). The important
species were snow crab (Chionoecetes bairdi) which accounted for 38.6% of
the live weight and averaged 1.1 g/mz; humpy shrimp (Pandalus goniurus)
with 20.7% of the weight and averaging 0.6 g/mz; king crab (Paralithodes
camtschatica) with 7.2% of the weight averaging 0.2 g/mz; sea cucumber
(Cucumaria fallax) with 4.8% of the weight averaging 0.1 g/mz; and the green
sea urchin (Strongylocentrotus droebachiensis) which was 2.3% of the weight
and averaged 0.07 g/mz. The three crustacean species accounted for 66.5%
of the weight of trawl-caught banthic invertebrates and all are currently
harvested commercially. The sea cucumber and sea urchin account for an
additional 7.1% of the total weight; both species may have some commercial
potential. The preponderance of commercial, harvestable invertebrate
species in lower Cook Inlet is reflected by the profitable fisheries found

there.

Like Cook Inlet, the northeastern Gulf of Alaska invertebrate epi-

faunal biomass is also dominated by snow crab. Snow crab in the Gulf




account for 66.27 of the live weight of benthic epifaunal invertebrates
(Jewett and Feder, 1976). 1In the Gulf the other dominant epibenthic
invertebrates in terms of weight differ from those of the Inlet with the
brittle star, Ophiura sarsi (4.4%); Pandalus borealis (2.9%); Ctenodiscus
erispatus (2.9%); Brisaster townsendi (2.1%); Pycnopodia helianthoides
(2.0%); and Pecten caurinus (2.0%) accounting for an additional 16.3% of

the live weight (Jewett and Feder, 1976).

The relatively large epibenthic invertebrate biomass in Kachemak Bay
may be supported by the very high rates of primary productivity (as high
as 7.8 g C per m2 per day) that persists throughout spring and summer in
this bay (Larrance and Chester, 1979). This prolonged period of primary
productivity is atypical for most North Pacific areas where phytoplankton
production is characterized by a short spring bloom followed by nutrient
limited summer production. The total supplies of organic carbon contributed
to the bottom over the March to August period in 1978 were 60 g C per m2 at
Kachemak Bay, 17 g C per m2 in the central Inlet and 40 g C per m2 in
Kamishak Bay (Larrance and Chester, 1979). The dominant epibenthic inverte-
brates are capable of either utiliéing this input of organic detritus
directly (e.g., Cucumaria fallax) or, like the large predators, by feeding

on organisms that are detrital feeders.
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TABLE VI.A.I

A COMPARISON OF MEAN TOTAL GRAMS (LIVE WEIGHT) OF INVERTEBRATES
CAPTURED BY TRAWL AT DIFFERENT STATIONS IN LOWER COOK INLET

Station Total g per m2 Area¥*
43A 14.49 Kachemak Bay
40A 8.39 Kachemak Bay
25 8.24 Kamishak Bay
42 6.70 Kachemak Bay
40B 6.50 Kachemak Bay
55 6.20 Kachemak Bay
5A 5.35 Outer Region
6 4,57 Outer Region
14 - 3.88 Outer Region
23 3.25 Central Zone
53 2.87 Kamishak Bay
54 2,70 Kamishak Bay
49 1.98 Central Zone
8 1.91 Outer Region
40 1.62 ' - Kachemak Bay
37 1.60 Kachemak Bay
56A 1.50 Kamishak Bay
27 1.49 Kamishak Bay
18 1.42 Kamishak Bay
7 1.37 Kamishak Bay
41 1.13 Quter Zone
45A 1.07 Kachemak Bay
53A 1.00 Kamishak Bay
62 0.98 Kamishak Bay
36 0.94 Kamishak Bay
28 0.85 Kamishak Bay
5 0.83 Outer Zone

PMEL4 0.81 Kamishak Bay
35 0.63 Central Zone
227 0.61 Kamishak Bay
62A 0.57 Kachemak Bay

PMEL7 ; 0.56 Kachemak Bay

PMEL1 0.47 Kamishak Bay
8A 0.47 Kamishak Bay
41B 0.45 Outer Zone
38A 0.43 Kachemak Bay
56 0.37 Kamishak Bay
39 0.35 Kachemak Bay
38 0.24 Kachemak Bay
204 0.22 Kamishak Bay
62B 0.18 Kamishak Bay

Mean 2.41

Standard deviation 2.98

*See Fig. IV.1
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TABLE VI.A.II

SUMMARY OF TRAWL DATA FOR INVERTEBRATES IN INNER KACHEMAK BAY*

Number Average Number Three Most Abundant Taxa Average Total

Three Most Abundant Taxa

Station Trawls Organisms per m? by Count (% count) Weight g per m? by Weight (% of wt)
37 8 0.30 Pandalus borealis (78%) 1.60 Pandalus borealis (447)
Pandalus platyceros (5%) Chionoecetes bairdi (15%)
Pandalus hypsinotus (47%) Pandalus platyceros (11%)
38 1 0.12 Pandalus goniurus (67%) 0.24 Pandalus hypsinotus (43%)
Pandalus borealis (14%) Chionoecetes bairdi (21%
Pandalus hypsinotus (9%) Pandalus goniurus (18%)
38A 1 0.15 Crangon sp. (45%) 0.43 Pandalus hypsinotus (37%)
Pandalus goniurus (40%) Crangon sp. (36%)
Pandalus hypsinotus (137%) Pandalus goniurus (21%)
Mean 0.76

*See Fig. IV.1
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TABLE VI.A.III

SUMMARY OF TRAWL DATA FOR INVERTEBRATES IN MID-KACHEMAK BAY*

Number Average Number Three Most Abundant Taxa  Average Total Three Most Abundant Taxa
Station Trawls Organisms per m? by Count (% count) Weight g per m? by Weight (7 of wt)
39 3 0.03 Pandalus borealis (16%) 0.35 Chionoecetes bairdi (55%)

Pandalus goniurus (16%)
Pandalus hypsinotus (15%)

40 6 0.03 Pandalus borealis (45%) 1.62
Ptilosarcus gurneyi (38%)
Crangon dalli (12%)

40A 3 0.10 Hyas lyratus (29%) 8.39
Nucella lamellosa (23%)
Neptunea lyrata (13%)

408 1 0.01 Cucumaria fallax (50%) 6.50
Strongylocentrotus
droebachiensts (22%)
Hydrozoa (6%)
Porifera (6%)

41 5 0.01 Crangon dalli (53%) 1.13
Chionoecetes bairdi (10%)
Cancer magister (4%)

41B 1 0.03 Crangon dalli (74%) 0.45
Argis sp. (16%)
Chionoecetes bairdi (4%)

PMEL 7 4 0.05 Pandalus borealis (80%) 0.56
Crangon dalli (7%) ‘
Crangon spp. (47)

227 3 0.04 Pandalus borealis (72%) 0.61
Crangon dalli (19%)
Ptilosarcus gurneyi (5%)
Mean 2.45

Pandalopsis dispar (5%)
Pandalus hypsinotus (5%)
Pandalus borealis (5%)

Cancer magister (447%)
Ptilosarcus gurneyi (38%)
Crangon dalli (10%)

Cucumaria fallax (33%)
Chionoecetes bairdi (18%)
Hyas lyratus (15%)

Cucumaria fallax (80%)
Porifera (47%)
Hydrozoa (3%)

Chionecetes bairdi (58%)
Cancer magister (19%)
Cucumaria fallax (19%)

Paralithodes camtschatica
Chionoecetes bairdi (21%)
Crangon dalli (14%)

Pandalue borealis (46%)
Chionoecetes bairdi (29%)
Canger magister (9%)

Ptilosarcus gurmeyil (41%)
Pandalus borealis (22%)
Cancer magister (17%)

(39%)

*See Fig. IV.1
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TABLE VI.A.IV

SUMMARY OF TRAWL DATA FOR INVERTEBRATES IN OUTER KACHEMAK BAY*

Number Average Number Three Most Abundant Taxa Average Total  Three Most Abundant Taxa
Station Trawls Organisms per m?2 by Count (% count) Weight g per m2 by Weight (7 of wt)
42 2 0.08 Echinarachnius parma (32%) 6.70 Cucumaria fallax (65%)
Strongylocentrotus Strongylocentrotus
droebachiensis (17%) droebachiensis (13%)
Cucumaria fallax (147%) Echinarachnius parma (12%)
43A 1 0.03 Paralithodes camtschatica (25%) 14.49 Paralithodes camtschatica (747%)
Strongylocentrotus Cucumaria fallax (187%)
droebachiensis (22%) Metridium senile (3%)
Cucumaria fallax (217)
55 1 0.18 Strongylocentrotus 6.20 Strongylocentrotus

droebachiensis (46%)
Oregonia gracilis (30%)
Selerocrangon boreas (16%)

Mean 9.13

droebachiensis (70%)
Cucumaria fallax (137%)
Oregonia gracilis (7%)

*See Fig. IV.1




TABLE VI.A.V

SUMMARY OF TRAWL DATA FOR INVERTEBRATES IN CENTRAL COOK INLET ZONE*

Number Average Number Three Most Abundant Taxa Average Total Three Most Abundant Taxa
Station Trawls Organisms per m? by Count (% count) Weight g per m? by Weight (7 of wt)
23 3 0.05 Crangon spp. (49%) 3.25 Chionoecetes bairdi (93%)
Chionoecetes bairdi (34%) Neptunea lyrata (3%)
Argis spp. (5%) Paralithodes camtschatica (1%)
45A 1 0.04 Echinarachnius parma (94%) 1.07 Echinarachnius parma (98%)
Crangon spp. (4%) Natica clausa (0.8%)
Natiea clausa (1%) Crangon spp. (0.5%)
49 3 0.31 Chionoecetes bairdi (81%) 1.98 Chionoecetes bairdi (59%)
- Pandalus goniurus (8%) Pagurus capillatus (7%)
v:) Crangon dalli (7%) Pandalus goniurus (6%)
PMEL 4 2 0.02 Ptilosarcus gurneyi (48%) 0.81 Ptilosarcus gurmeyi (59%)
Echinarachnius parma (38%) Echinarachnius parma (20%)
Fusitriton oregonensis (2%) Leptasterias sp. (12%)

Crangon dalli (2%)

Mean 1.78

*See Fig., IV.1
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TABLE VI.A.VI

SUMMARY OF TRAWL DATA FOR INVERTEBRATES IN OUTER COOK INLET REGION*

Number
Station Trawls

Average Number
Organisms per m

Three Most Abundant Taxa
by Count (% count)

Average Total
Weight g per m

Three Most Abundant Taxa
by Weight (% of wt)

5 9 0.05

5A 2 0.13
6 2 0.02
7 2 0.04
8 3 0.16
8A 1 0.71
14 1 0.02

Chionoecetes bairdi (59%)
Neptunea lyrata (6%)
Ctenodiscus crispatus (47%)

Pandalus borealis (34%)
Ophiura sarsi (13%)
Crangon commnis (8%)

Crangon dalli (23%)
Pandalus borealis (157)
Chionoecetes bairdi (8%)

Pandalus borealis (35%)
Chionoecetes bairdi (34%)
Fusitriton oregonensis (8%)

Crangon dalli (27%)
Chionoecetes bairdi (26%)
Pandalus borealis (17%)

Crangon communis (65%)
Crangon dalli (287%)
Pandalus borealis (2%)

Chionoecetes bairdi (82%)
Porifera (5%)
Neptunea lyrata (4%)

Mean

0.83

5.35

4.57

1.37

1.91

0.47

3.88

2.63

Chionoecetes bairdi (40%)

Neptunea lyrata (10%)

Strongylocentrotus
droebachiensis (6%)

Paralithodes camtschatica (69%)
Chionoecetes bairdi (16%)
Fusitriton oregonensis (9%)

Paralithodes camtschatica (86%)
Chionoecetes bairdi (13%)
Crangon dalli (0.1%)

Chionoecetes bairdi (617%)
Neptunea lyrata (17%)
Fusitriton oregonensis (8%)

Chionoecetes bairdi (36%)
Hyas lyratus (217%)
Actiniidae (137%)

Crangon dalli (56%)
Crangon communis (337%)
Pandalus borealis (6%)

Chionoecetes bairdi (90%)
Actiniidae (47%)
Neptunea lyrata (2%)

*See Fig, IV.1
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TABLE VI.A.VII

SUMMARY OF TRAWL DATA FOR INVERTEBRATES FOR LOWER KAMISHAK BAY*

Number Average Number Three Most Abundant Taxa  Average Total Three Most Abundant Taxa

Station Trawls Organisms per m? by Count (% count) Weight g per m? by Weight (% of wt)

18 4 0.03 Crangonidae (58%) 1.42 Chionoecetes bairdi (83%)
Chionoecetes bairdi (30%) Paralithodes camtschatica (3%)
Crangon dalli (5%) Lethasterias nanimensis (2%)

25 3 0.11 Chionoecetes bairdi (51%) 8.24 Chionoecetes bairdi (94%)
Crangonidae (23%) Chlamys rubida (2%)
Crangon dalli (11%) Paralithodes camtschatica (2%)

27 3 0.03 Crangon dalli (48%) 1.49 Chionoecetes bairdi (48%)
Chionoecetes bairdi (16%) Paralithodes camtschatica (13%)
Pagurus ochotensis (11%) Pagurus ochotensis (12%)

28 4 0.02 Crangonidae (447%) 0.85 Chionoecetes bairdi (63%)
Chionoecetes bairdi (23%) Paralithodes camtschatica (11%)
Pagurus ochotensis (9%) Pagurus ochotensis (9%)

204 1 0.003 Chionoecetes bairdi (48%) 0.22 Chionoecetes bairdi (84%)
Argis sp. (35%) Neptunea lyrata (12%)
Neptunea lyrata (9%) Pagurus capillatus (2%)

PMEL 1 7 0.02 Crangon spp. (39%) 0.47 Chionoecetes bairdi (54%)
Crangon dalli (22%) Evasterias sp. (13%)
Chionoecetes bairdi (12%) Neptunea lyrata (9%)
Mean 2.11

*See Fig. IV.1
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TABLE VI.A.VIII

SUMMARY OF TRAWL DATA FOR INVERTEBRATES FOR UPPER KAMISHAK

Number Average Number Three Most Abundant Taxa Average Total

BAY*

Three Most Abundant Taxa

Station Trawls Organisms per m? by Count (% count) Weight g per m? by Weight (% of wt)
35 6 0.04 Crangon dalli (41%) 0.63 Chionoecetes bairdi (45%)
Pandalus goniurus (17%) Neptunea lyrata (24%)
Neptunea lyrata (12%) Fusitriton oregonensis (9%)
36 2 0.08 Crangon dalli (75%) 0.94 Chionoecetes bairdi (31%)
Pandalus goniurus (7%) Neptunea lyrata (16%)
Argis sp. (4%) Paralithodes camtschatica (16%)
Crangon dalli (15%)
53 6 0.02 Chionoecetes bairdi (32%) 2.87 Neptunea lyrata (51%)
Crangon dalli (21%) Chionoecetes bairdi (41%)
Pandalus goniurus (19%) Paralithodes camtschatica (5%)
53A 2 0.02 Strongylocentrotus 1.02 Strongylocentrotus
droebachiensis (19%) droebachiensis (43%)
Crangon dalli (17%) Cucumariidae (15%)
Modiolus modiolus (15%) Fusitriton oregonensis (9%)
54 4 0.03 Crangon dalli (60%) 2.73 Chionoecetes bairdi (42%)
Chionoecetes bairdi (13%) Paralithodes camtschatica (40%)
Neptunea lyrata (8%) Neptunea lyrata (7%)
56 2 0.04 Crangon dalli (70%) 0.37 Chionoecetes bairdi (28%)
Argis spp. (97%) Crangon dalli (23%)
Chionoecetes bairdi (5%) Evasterias echinosoma (14%)
56A 1 0.04 Brachiopoda (12%) 1.51 Cucumariidae (50%)
Selerocrangon boreas (11%) Evasterias sp. (15%)
Glyeymeris subobsoleta (9%) Chlamys sp. (5%)
62 1 0.20 Crangon communis (72%) 0.98 Crangon communis (58%)

Pandalus goniurus (17%)
Labidochirus sp. (5%)

Strongy locentrotus
droebachiensis (20%)
Pandalus goniurus (14%)
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TABLE VI.A.VIII

CONTINUED

Number
Station Trawls

Three Most Abundant Taxa
by Count (% count)

Average Number

Average Total
Organisms per m? ¢

Weight g per m?

Three Most Abundant Taxa
by Weight (% of wt)

62A 6 0.13 Pandalus goniurus (52%) 0.57
Crangon dalli (40%)
Chionoecetes bairdi (1%)
628 1 0.04 Crangon dalli (80%) 0.18
Echinarachnius parma (18%)
Pandalus borealis (1%)
Mean 1.18

Pandalus goniurus (24%)

Crangon dalli (19%)

Strongylocentrotus
droebachiensis (11%)

Crangon dalli (50%)
Chionoecetes bairdi (25%)
Echinarachnius parma (24%)

*See Fig. IV.1




TABLE VI.A.IX

MEAN AND RANGE OF INVERTEBRATE WET WEIGHTS TAKEN BY TRAWL IN THE SEVEN
MAJOR REGIONS OF LOWER COOK INLET AND NORTHEAST GULF OF ALASKA

Mean Total g

Invertebrate Range g per m? at
Sampling Area* Live Weight per m? Individual Stations
Outer Kachemak Bay 9.13 6.2 - 14.5
Outer Inlet Region 2.62 0.5 - 5.3
Mid-Kachemak Bay 2.45 0.3 - 8.4
Lower Kamishak Bay 2.11 0.2 - 8.2
Central Inlet Zone 1.78 0.8 - 3.2
Upper Kamishak Bay 1.18 0.2 - 2.9
Inner Kachemak Bay 0.76 | 0.2 - 1.6
Northeast Gulf of Alaska** 2.60 - -

* See Fig. IV.l
**See Jewett and Feder (1976)
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TABLE VI.A.X

COOK INLET TAXONOMIC SUMMARY BY PHYLUM FOR 41 TRAWL STATIONS

Taxonomic Name Count per m?2 % of Weight Grams per m? % Count
Porifera 0.00081 0.9058 0.02635 0.2525
Cnidaria 0.00062 1.6715 0.04862 0.4751
Rhynchocoela 0.00005 0.0034 0.00010 0.0035
Annelida 0.00161 0.0161 0.00047 1.0648
Mollusca 0.00071 5.8723 0.17082 3.5310
Pycnogonida 0.00187 0.0002 0.00001 0.1035
Crustacea 0.00879 74.0865 2.15509 91.3006
Ectoprocta 0.00007 0.0544 0.00158 0.0351
Brachiopoda 0.00045 0.0250 0.00073 0.1159
Echinodermata 0.00098 17.3360 0.50429 3.0398
Urochordata 0.00046 0.0288 0.00084 0.0781
Total 2.9089
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TABLE VI.A.XI

COOK INLET TAXONOMIC SUMMARY BY SPECIES FOR 41 TRAWL STATIONS

Count Grams % Phylum
Taxonomic Name per m? % of Weight per m? Count % Phylum wt
Porifera 0.00081 0.91 0.02635 100.00 100.00
Hydrozoa 0.00034 0.17 0.00494 10.53 10.16
Anthozoa 0.00011 0.30 0.00861 3.05 17.71
Eunephthya 0.00015 0.00 0.00002 0.71 0.04
rubiformis
Stylatula gracile  0.00006 0.00 0.00004 0.26 0.08
Pennatulacea 0.00038 0.01 0.00015 1.26 0.32
pannalulidae
Ptilosarcus 0.00202 0.67 0.01949 72.69 40.08
gurneyi
Actiniidae 0.00022 .39 0.01146 9.08 23.58
Tealia 0.00005 .01 0.00041 0.53 0.83
erassicornis
Metridium senile 0.00113 0.12 0.00350 1.89 7.20
Rhynchocoela 0.00005 0.00 0.00010 100.00 100.00
Annelida 0.00057 0.00 0.00005 0.63 9.62
Polychaeta 0.00029 0.00 0.00007 3.47 14.38
Polynoidae 0.00039 0.01 0.00019 10.38 40.58
Eunoe depressa 0.00028 0.00 0.00000 0.21 0.49
Gattyana ciliata 0.00620 0.00 0.00003 4.63 5.92
Gattyana eirrosa 0.01353 0.00 0.00000 10.10 0.49
Anaitides mucosa 0.00028 0.00 0.00000 0.21 0.99
Typosyllis spp. 0.06933 0.00 0.00000 51.77 0.49
Nereis spp. 0.00050 0.00 0.00011 4,56 23.18
Sabellidae 0.00003 0.00 0.00000 0.07 0.82
Potamilla neglecta 0.00592 0.00 0.00000 4.42 0.49
Sabella spp. 0.00451 0.00 0.00000 3.37 0.49
Crucigera 0.00789 0.00 0.00000 5.89 0.99
zygophora
Aphrodita japonica 0.00007 0.00 0.00000 0.11 0.25
Notostomobdella 0.00005 0.0 0.00000 0.18 0.82
Spp.
Mopaliidae 0.00006 0.00 0.00000 0.02 0.00
Pelecypoda 0.00007 0.00 0.00000 0.03 0.00
Nucula tenuis 0.00007 0.00 0.00001 0.10 0.01
Nuculana fossa 0.00066 0.00 0.00002 0.55 0.01
Yoldia seissurata  0.00013 0.00 0.00000 0.06 0.00
Yoldia 0.00008 0.00 0.00000 0.03 0.00
thraciaeformis
Glycymeris 0.00104 0.00 0.00014 1.25 0.08
subobsoleta
Modiolus modiolus 0.00107 0.15 0.00441 5.52 2.58
Pectinidae 0.00195 0.06 0.00186 2.87 1.09
Chlamys spp. 0.00133 0.03 0.00094 1.05 0.55




TABLE VI.A.XI

CONTINUED
Count Grams % Phylum
Taxonomic Name per m2 % of Weight per m? Count % Phylum wt
Chlamys rubida 0.00055 0.42 0.01221 2.18 7.15
Pecten caurinus 0.00010 0.09 0.00255 0.15 1.49
Propeamussium 0.00018 0.00 0.00000 0.10 0.00
davidsont
Astartidae 0.00006 0.00 0.00000 0.04 0.00
Astarte alaskensis 0.00005 0.00 0.00002 0.06 0.01
Astarte rollandt 0.00007 0.00 0.00000 0.03 0.00
Cyclocardia spp. 0.00011 0.00 0.00001 0.16 0.00
Cyclocardia 0.00014 0.00 0.00002 0.08 0.01
ventricosa
Cyelocardia 0.00004 0.00 0.00000 0.02 0.00
erassidens
Cardiidae 0.00006 0.00 0.00002 0.08 0.01
Clinocardium spp. 0.00002 0.00 0.00001 0.03 0.00
Clinocardium 0.00017 0.00 0.00010 0.48 0.06
etliatum
Clinocardium 0.00012 0.10 0.00277 0.31 1.62
nuttallil
Clinocardium 0.00034 0.00 0.00001 0.18 0.01
fueanum
Serripes 0.00015 0.09 0.00274 0.93 1.60
aroenlandicus
Psephidia lordi 0.00016 0.00 0.00000 0.17 0.00
Spisula polynyma 0.00016 0.03 0.00086 0.72 0.50
Macoma spp. 0.00013 0.00 0.00003 0.28 0.02
Macoma calearea 0.00004 0.02 0.00072 0.03 0.42
Macoma nasuta 0.00052 0.00 0.00006 0.55 0.04
Tellina nuculotdes 0.00017 0.00 0.00001 0.20 0.01
Siliqua alta 0.00007 0.00 0.00004 0.15 0.02
Hiatella arctica 0.00012 0.00 0.00001 0.29 0.00
Pandora bilirata 0.00007 0.00 0.00000 0.03 0.00
Cardiomya oldroydi 0.00007 0.00 0.00000 0.03 0.00
Gastropoda 0.00046 0.05 0.00158 2.38 0.93
Bathybembix 0.00003 0.00 0.00000 0.01 0.00
Margarites 0.00001 0.00 " 0.00000 0.01 0.00
costalis
Solariella obscura 0.00007 0.00 0.00000 0.03 0.00
Solariella 0.00042 00 0.00000 0.43 0.00
varicosa
Lischketia ceidaris 0.00007 0.00 0.00000 0.03 0.00
Epitonium 0.00010 0.00 0.00000 0.06 0.00
groenlandicum
Baleis spp. 0.00044 0.00 0.00000 0.19 0.00
Crepidula nummaria 0.00020 0.00 0.00000 0.13 0.00




TABLE VI.A.XI

CONTINUED
Count Grams 7% Phylum

Taxonomic Name per m? % of Weight per m? Count % Phylum wt

Trichotropis 0.00007 0.00 0.00000 0.03 0.00
cancellata

Natica clausa 0.00030 0.02 0.00044 1.37 0.26

Polinices pallida  0.00015 0.01 0.00034 0.35 0.20

Polinices lewisii  0.00008 0.00 0.00002 0.03 0.01

Fusitriton 0.00129 0.68 0.01968 18.79 11.52
oregonensis

Trophonopsis 0.00004 0.00 0.00001 0.02 0.00
elathratus

Trophonopsis 0.00010 0.00 0.00001 0.06 0.01
stuarti

Trophonopsis 0.00001 0.00 0.00000 0.01 0.00
pacificus

Trophonopstis 0.00004 0.00 0.00000 0.04 0.00
lasius

Trophonopsis 0.00010 0.00 0.00000 0.06 0.00
multicostalis

Nucella lamellosa  0.00848 0.17 0.00492 17.99 2.88

Buccinidae 0.00006 0.00 0.00002 0.08 0.01

Buccinum enismatum 0.00001 0.00 0.00001 0.01 0.00

Buccinum glaciale  0.00010 0.00 0.00005 0.06 0.03

Buceinum plectrum  0.00061 0.05 0.00144 2.45 0.84

Beringius 0.00016 0.01 0.00029 0.24 0.17
kennicotti :

Colus spp. 0.00009 0.00 0.00002 0.07 0.01

Colus herendeenii  0.00008 0.00 0.00002 0.04 0.01

Colus halli 0.00004 0.00 0.00001 0.04 0.01

Neptunea lyrata 0.00151 3.83 0.11155 33.80 65.31

Plicifusus kroyeri 0.00003 0.00 0.00002 0.03 0.01

Pyrulofusus harpa  0.00002 0.00 0.00009 0.03 0.05

Volutopsius 0.00001 0.00 0.00000 0.01 0.00
middendorffi

Arctomelon 0.00005 0.01 0.00031 0.04 0.18
stearnsii

Volutomitra 0.00001 0.00 0.00001 0.01 0.01
alaskana

Admete couthouyi 0.00006 0.00 0.00001 0.09 0.00

Suavodrillia 0.00001 0.00 0.00000 0.01 0.00
kennicottii

Oenopota decussata 0.00004 0.00 0.00000 0.04 0.00

Propebela 0.00013 0.00 0.00000 0.06 0.00

Gastropteron 0.00056 0.00 0.00000 0.13 0.00
pactificum

Dorididae 0.00011 0.00 0.00009 0.24 0.05
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TABLE VI.A.XI

CONTINUED
Count Grams % Phylum
Taxonomic Name per m? % of Weight per m? Count % Phylum wt
Triopha spp. 0.00005 0.00 0.00000 0.02 0.00
Triopha aurantica 0.00010 0.00 0.00002 0.13 0.01
Dendronotidae 0.00045 0.00 0.00002 0.77 0.01
Tritonia spp. 0.00254 0.00 0.00000 0.57 0.00
Tritonia exsulans  0.00006 0.00 0.00014 0.04 0.08
Aeolidia papillosa 0.00012 0.00 0.00003 0.10 0.02
Dentalium spp. 0.00007 0.00 0.00000 0.03 0.00
Cephalopoda 0.00014 0.00 0.00005 0.10 0.03
Nymphon grossipes  0.01240 0.00 0.00000 95.31 38.30
Pycnogonidae 0.00010 0.00 0.00000 4,69 61.70
Cyclopoida - - - - -
Thoracica 0.00151 0.09 0.00261 0.07 0.12
Balanus spp. 0.00007 0.01 0.00037 0.02 0.02
Balanus balanus 0.00586 0.16 0.00452 0.51 0.21
Balanus evermani 0.00014 0.02 0.00062 0.01 0.03
Balanus hesperius  0.00008 0.00 0.00007 0.01 0.00
Balanus hoekianus  0.00001 0.00 0.00000 0.00 0.00
Balanus rostratus  0.00085 0.05 0.00138 0.08 0.06
Mysidacea 0.00007 0.00 0.00000 0.00 0.00
Acanthomysis 0.00066 0.00 0.00000 0.01 0.00
dybowskii
Diastylis 0.00001 0.00 0.00000 0.00 0.00
bidentata
Roeinela spp. 0.00085 0.00 0.00000 0.01 0.00
Rocinela augustata 0.00007 0.00 0.00000 0.00 0.00
Amphipoda 0.00083 0.00 0.00003 0.06 0.00
Ampelisca 0.00111 0.00 0.00001 0.06 0.00
maerocephala
Ampeliscidae 0.00009 0.00 0.00000 0.01 0.00
birulat
Ampeliscida 0.00197 0.00 0.00000 0.02 0.00
eschrichti
Bylilis gaimandi 0.00004 0.00 0.00000 0.00 0.00
Erichthonius spp. 0.00004 0.00 0.00000 0.00 0.00
Erichthonius tolli 0.00006 0.00 0.00000 0.00 0.00
Rhachotropis 0.00004 0.00 0.00000 0.00 0.00
oculata
Gammaridae 0.00085 0.00 0.00001 0.01 0.00
Anonyx spp. 0.00035 0.00 0.00001 0.02 0.00
Anonyx nugax 0.00155 0.00 0.00002 0.09 0.00
Lepidepecreum 0.00004 0.00 0.00000 0.00 0.00
comatum
Monoculodes 0.00004 0.00 0.00000 0.00 0.00
zernovi
Pardalisca 0.00007 0.00 0.00000 0.00 0-.00
euspidata
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TABLE VI.A.XT

CONTINUED
Count Grams % Phylum
Taxonomic Name per m? % of Weight per m? Count % Phylum wt
Heterophoxus 0.00004 0.00 0.00000 0.00 0.00
scalatus
Stegocephalus 0.00564 0.00 0.00001 0.05 0.00
inflatus
Caprellidae 0.00008 0.00 0.00000 0.00 0.00
Decapoda 0.02818 0.00 0.00006 0.25 0.00
Pandalus spp. 0.00472 0.04 0.00114 0.55 0.05
Pandalus borealis  0.01413 0.84 0.02439 6.59 1.13
Pandalus goniurus 0.11422 20.72 0.60282 48.26 27.97
Pandalus 0.02316 0.09 0.00269 0.57 0.12
platyceros
Pandalus 0.00461 0.22 0.00642 1.25 0.30
hypsinotus
Pandalus danae 0.00004 0.00 0.00000 0.00 0.00
Pandalopsis dispar 0.00068 0.03 0.00096 0.07 0.04
Hyppolytidae 0.00068 0.02 0.00046 0.18 0.02
Spirontocaris 0.00047 0.00 0.00003 0.02 0.00
lamellicornis
Spirontocaris 0.00254 0.00 0.00000 0.02 0.00
spina
Lebbeus 0.00007 0.00 0.00008 0.02 0.00
groenlandica
Fualus spp. 0.00001 0.00 0.00000 0.00 0.00
Eualus barbata 0.00034 0.00 0.00001 0.01 - 0.00
Eualus suckleyt 0.00117 0.00 0.00002 0.04 0.00
Eualus townsendi 0.00035 0.00 0.00008 0.02 0.00
Eualus avina 0.03917 0.00 0.00005 0.34 0.00
Heptacarpus Spp. 0.00028 0.00 0.00000 0.00 0.00
Crangonidae 0.01640 0.13 0.00391 3.02 0.18
Crangon spP. 0.01744 0.37 0.01070 4,70 0.50
Crangon dalli 0.01028 0.78 0.02275 9.04 1.06
Crangon 0.00010 0.00 0.00002 0.00 0.00
franeiscorum
Crangon communis 0.06411 0.26 0.00743 8.77 0.34
Crangon resima 0.00023 0.00 0.00001 0.01 0.00
Selerocrangon spp. 0.00477 0.10 0.00277 0.55 0.13
Selerocrangon 0.00031 0.00 0.00009 0.01 0.00
boreas
Argis spp. 0.00162 0.11 0.00334 0.78 0.15
Argis dentata 0.00116 0.04 0.00104 0.31 0.05
Argis crassa 0.00007 0.00 0.00005 0.01 0.00
Paguridae 0.00184 0.07 0.00200 0.22 0.09
Pagurus spp. 0.00027 0.01 0.00044 0.02 0.02
Pagurus ochotensis 0.00106 0.64 0.01869 0.65 0.87
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TABLE VI.A.XI

CONTINUED
Count Grams % Phylum

Taxonomic Name per m? % of Weight per m? Count % Phylum wt

Pagurus aleuticus  0.00057 0.05 0.00138 0.09 0.06

Pagurus capillatus 0.00049 0.20 0.00570 0.29 0.26

Pagurus kennerlyt  0.00037 0.01 0.00027 0.04 0.01

Pagurus beringanus 0.00007 0.00 0.00005 0.01 0.00

Pagurus 0.00013 0.01 0.00041 0.01 0.02
confragosus :

Pagurus 0.00007 0.00 0.00000 0.00 0.00
trigonocheirus

Elassochirus spp. 0.00012 0.00 0.00009 0.00 0.00

Elassochirus 0.00063 0.09 0.00274 0.17 0.13
tenuimanus

Elasschirus 0.00005 0.00 0.00003 0.00 0.00
eavimanus

Elassochirus gilli 0.00010 0.00 0.00003 0.00 0.00

Labidochirus spp. 0.00986 0.01 0.00037 0.09 0.02

Labodochirus 0.00079 0.01 0.00028 0.09 0.01
spendescens

Lithodidae 0.00028 0.00 0.00002 0.00 0.00

Paralithodes 0.00038 7.20 0.20953 0.18 9.72
camtschatica

Rhinolithodes 0.00010 0.01 0.00015 0.00 0.01
wosnessenskii

Oregonia gracilis  0.00234 0.23 0.00677 0.90 0.31

Hyas lyratus 0.00303 1.61 0.04691 1.60 2.18

Chionoecetes 0.00941 38.60 1.12292 9.05 52.11
bairdi

Chorilia longipes  0.00002 0.00 0.00001 0.00 0.00

Cancridae 0.00007 0.00 0.00002 0.00 0.00

Cancer magister 0.00051 1.21 0.03506 0.09 1.63

Cancer oregonensis 0.00016 0.01 0.00020 0.03 0.01

Pinnixa 0.00003 0.00 0.00000 0.00 0.00
occidentalis

Ectoprocta 0.00007 0.00 0.00011 42.00 6.83

Membranipora sSpp. 0.00004 0.00 0.00000 5.31 0.12

Aleyonidium spp. 0.00011 0.04 0.00104 30.82 65.49

Flustrellidae 0.00009 0.00 0.00004 9.11 2.48

Flustrella spp. 0.00004 0.01 0.00040 12,75 25.08

Brachiopoda 0.00106 0.02 0.00061 79.27 84.33

Terebratulina 0.00007 0.00 0.00000 0.97 0.16
unguicula

Laqueus 0.00016 0.00 0.00006 12.03 8.22
californianus

Terebratalia spp. 0.00028 0.00 0.00000 1.93 0.32

Terebratalia 0.00012 0.00 0.00005 5.80 6.97




TABLE VI.A.XI

CONTINUED
Count Grams % Phylum

Taxonomic Name per m? % of Weight per m? Count % Phylum wt

Ceramaster 0.00005 0.01 0.00021 0.11 0.04
patagonicus

Ceramaster 0.00002 0.00 0.00003 0.03 0.01
stellatus

Luidia foliolata 0.00010 0.00 0.00002 0.12 0.00

Ctenodiscus 0.00113 0.01 0.00019 3.04 0.04
erispatus

Echinasteridae 0.00009 0.00 0.00003 0.07 0.01

Henricia spp. 0.00019 0.01 0.00038 0.76 0.08

Pteraster spp. 0.00028 0.02 0.00052 0.07 0.10

Pteraster 0.00006 0.01 0.00015 0.04 0.03
tesselatus

Solasteridae 0.00002 0.00 0.00001 0.01 0.00

Crossaster 0.00010 0.02 0.00051 0.07 0.10
borealis

Crossaster 0.00011 0.01 0.00030 0.48 0.06
papposus

Solaster dawsont 0.00011 0.05 0.00141 0.18 0.28

Solaster stimpsoni 0.00029 0.00 0.00003 0.11 0.01

Asteridae 0.00016 0.04 0.00127 0.38 0.25

Asterias spp. 0.00004 0.01 0.00018 0.02 0.04

Evasterias spp. 0.00020 0.46 0.01333 1.16 2.64

Evasterias 0.00010 0.02 0.00062 0.04 0.12
echinosoma

Evasterias 0.00030 1.40 0.04085 1.77 8.10
troschelit

Leptasterias spp. 0.00015 0.17 0.00491 1.10 0.97

Leptasterias 0.00025 0.21 0.00611 2,05 1.21
polartis

Lethasterias spp. 0.00004 0.00 0.00009 0.03 0.02

Lethasterias 0.00017 0.17 0.00488 0.83 0.97
nanimemsis

Echinarachnius 0.00326 0.70 0.02044 28.21 4.05
parma

Strongylocentro- 0.00013 0.02 0.00045 0.20 0.09
tidae

Strongylocentrotus 0.00347 2.29 0.06673 33.69 13.23
droebachiensis :

Strongylocentrotus 0.00001 0.00 0.00012 0.01 0.02
franciscanus

Amphipholis 0.00007 0.00 0.00000 0.04 0.00
pugetana

Gorgonocephalidae 0.00010 0.00 0.00003 0.07 0.01

Gorgonocephalus 0.00006 0.01 0.00016 0.14 0.03
earyt




TABLE VI.A.XI

CONTINUED
Count Grams % Phylum

Taxonomic Name per m? % of Weight per m?2 Count 7 Phylum wt
Ophiopholis 0.00008 0.00 0.00000 0.09 0.00

aculeata
Ophiuridae 0.00012 0.00 0.00001 0.21 0.00
Ophiopenia spp. 0.00001 0.00 0.00000 0.01 0.00
Ophiopenia 0.00016 0.00 0.00000 0.19 0.00

disacantha
Ophiopenia 0.00004 0.00 0.00000 0.02 0.00

tetracantha
Ophiura sarsti 0.00142 0.00 0.00006 2.90 0.01
Holothuroidea 0.00044 0.01 0.00032 0.25 0.06
Synaptidae 0.00007 0.00 0.00000 0.04 0.00
Molpadiidae 0.00001 0.00 0.00001 0.01 0.00
Cucumariidae 0.00224 6.84 0.19888 9.58 39.44
Cucumaria fallax 0.00151 4,85 0.14102 11.88 27.96
Urochordata 0.00016 0.01 0.00035 29.72 41.33
Synoicidae 0.00676 0.02 0.00049 68.84 58.53
Styelidae 0.00007 0.00 0.00000 1.43 0.14
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Cluster Analysis for Grab samples

Cluster analysis of benthic grab samples using untransformed (Fig.
VI.A.1l) and natural logarithm (In) transformed abundance data (Fig. VI.A.Z)
revealed the presence of two major station groups. The station groups
formed by each analysis were identical except for two stations. Station
31, classified as a member of Station Group 1 by a cluster analysis of
In transformed abundance data (Fig. VI.A.2), was classified as a member
of Station Group 2 by a cluster analysis of untransformed data (Fig. VI.A.l).
Station 8 also classified as a member of Station Group 1 using In trans-
formed abundance data (Fig. VI.A.2) did not join any station group when
untransformed data was used (Fig. VI.A.1l). Station Group 1 consisted of
stations located in southwestern Cook Inlet and Station 40 near the entrance
to Kachemak Bay (Fig. VI.A.3). Station Group 2 consisted of stations in

the eastern part of Cook Inlet adjacent to Kachemak Bay.

An inverse cluster analysis, examining the similarities between spe-
cies indicated the presence of 39 species groups (Fig. VI.A.4; Table VI.A.XIT).
A two-way coincidence table was constructed comparing the station groups and
species groups formed by a cluster analysis of In transformed abundance
data (Table VI.A.XIII). Stations in Station Group 1 were characterized by
the presence of species in Species Group 20 (Table VI.A.XITII). An examina-
tion of the two-way table (Table VI.A.XITII) also indicated the presence of
subgroups within Station Group 1 characterized by the presence of species
in Species Groups 1, 15 and 16 (Table VI.A.XITII). Station Group 2 was
characterized by the presence of species in Species Group 35 and the low
diversity and species richness of its fauna (Table VI.A.XIV). Station 31
which was classified as a member of Station Group 2 by a cluster analysis
of untransformed abundance data was characterized by the presence of spe-
cies from both Species Groups 20 and 35 (Table VI.A.XIV) and thus, appeared
to be transitional in terms of its fauna between that of stations in Sta-

tion Groups 1 and 2.

Biomass and Specles Diversity for Grab Samples

The invertebrates taken by van Veen grab at 18 stations included 99

species. Three of the five highest values for formalin wet weights occurred
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in the central region of the Inlet (Fig. IV.l) with values of 731, 241,

and 128 g per m2 at Stations 45, 31, and 33 respectively. In outer Kachemak
Bay, 558 g per m2 was observed at Station 42. In the outer region of the
Inlet (Fig. IV.1) 163 g per m2 were observed for Station 6. Table VI.A.XV
ranks stations in terms of weights and species diversity of invertebrates
taken by grab. Three of the five highest values for species diversity

were calculated for outer region Station (Fig. IV.1) 8, 7 and 5 (Table
VI.A.XV). High values for species diversity were also observed at Sta-
tions 31 and 45 (Table VI.A.XV) in the central zone of the Inlet (Fig. IV.1l).
Table VI.A.XVI provides a taxon list for the organisms taken by grab and

information on their relative abundance. Data for individual stations is

available from the Alaska Environmental Data Center.




SPECIES GROUPS FORMED BY AN INVERSE CLUSTER ANALYSIS OF NATURAL LOGARITHM TRANSFORMED ABUNDANCE DATA
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TABLE VI.A.XIV

BIOMASS, DIVERSITY AND ABUNDANCE OF STATIONS IN STATION GROUPS
FORMED BY CLUSTER ANALYSIS OF UNTRANSFORMED ABUNDANCE DATA

Wet wt Abundance No. of Shannon Brillouin Species
g per m? No. per m? Species Diversity Evenness Diversity Evenness Richness
Station Group 1%

6 98 2136 74 2.43 .56 2.36 .56 9.52
18 24 1814 79 3.24 74 3.13 74 10.84
27 15 1600 71 3.00 .70 2.92 .70 9.48
33 77 2050 88 3.28 .73 3.20 .73 11.41
40 30 3432 59 2.07 .50 2.63 .50 7.12
54 27 1372 83 3.09 .70 2.99 .70 11.35

5 19 1670 92 3.42 .75 3.32 .75 12.26

7 11 1158 99 3.57 77 3.42 77 13.89

8k * 9 446 84 3.77 .85 3.50 .85 13.60
18 30 1814 98 3.34 .73 3.24 72 12.92
28 11 930 54 3.05 .76 2.95 .76 7.75
40 48 3988 83 2.03 46 2.00 .45 9.89

1 57 2442 86 3.37 .75 3.30 .75 10.89

7 26 1368 62 2.88 .69 2.80 .69 8.45
31t 120 406 49 3.39 .87 3.18 .87 7.99

Station Group 2
42 279 822 33 1.84 .52 1.77 .52 4.77
45 366 532 53 3.37 .84 3.20 .84 8.28
46 20 150 17 2.63 .93 2.44 .92 3.19
42 103 1332 35 1.00 .28 .96 .27 4.72

4 14 486 39 2.12 .58 2.00 .57 6.14
40A 12 376 34 2.92 .83 2.77 .82 5.56

* See Fig. IV.1
*%Did not join any station groups in an analysis using In transformed abundance data
+ Joined Station Group 2 when In transformed data was used




TABLE VI.A.XV

A COMPARISON OF MEAN TOTAL GRAMS (FORMALIN WET WEIGHT) OF
INVERTEBRATES IN GRAB SAMPLES AND SPECIES DIVERSITY AT
DIFFERENT STATIONS IN LOWER COOK INLET

Shannon
Total g Diversity
Station per m2 Area* Station Index Area*
45 731 Central zone 8 3.7 Quter region
42 558 Outer Kachemak 7 3.6 Outer region
31 241 Central zomne 31 3.4 Central zone
6 163 Outer region 5 3.4 Outer region
33 128 Central zone 45 3.4 Central zone
PMEL 1 113 Lower Kamishak PMEL 1 3.3 Lower Kamishak
46 98 Central zone 33 3.3 Central zone
40 74 Mid-Kachemak 18 3.2 Lower Kamishak
PMEL 7 52 Mid-Kachemak 54 3.1 Upper Kamishak
18 48 Lower Kamishak 27 3.0 Lower Kamishak
5 39 Outer region 28 3.0 Lower Kamishak
54 38 Upper Kamishak PMEL 7 2.8 Mid-Kachemak
PMEL 4 28 Central zone 40A 2.7 Mid-Kachemak
40A 24 Mid-Kachemak 46 2.5 Central zone
27 . 23 Lower Kamishak 6 2.4 Outer region
28 21 Lower Kamishak PMEL 4 2.1 Central zone
7 22 Outer region 40 2.0 Mid-Kachemak
8 22 Outer region 42 1.8 Outer Kachemak
Mean 134 Mean 2.9

*See Fig. IV.1
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TABLE VI.A.XVI

A TAXON LIST FOR ORGANISMS TAKEN BY GRAB AT 18 LOWER COOK INLET STATIONS

Taxon Name

Crit 1%

Crit 2%

Crit 3%

Crit 4%

Crit 5%

Sta Occ

Sarcodina rhizopodea
Hydrozoa

Abietinaria sp.
Anthozoa

Aleyonacea nephtheidae
Ptilosarcus gurneyi

Ptilosarcus gurneyl frags.

Rhynchocoela
Rhynchocoela frags.
Nematoda

Nematoda frags.
Polychaeta
Polychaeta frags.
Polynoidae
Antinoella sarst
Halosydna brevisetosa
Harmothoe imbricata
Harmothoe multisetosa
Polynoe canadensis
Pholoe minuta
Euphrosinidae
Phyllodocidae
Anaitides sp.
Anaitides maculata
Eteone sp.

Eteone longa
Fulalia sp.
Ancistrosyllis sp.
Syllidae

Autolytus sp.
Syllis sp.
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Taxon Name

Crit 1%

TABLE VI.A.XVI

CONTINUED

Crit 2%

Crit 3%

Crit 4%

Crit 5%

Sta Occ

Typosyllis sp.
Typosyllis alternata
Brania sp.
Langerhansia cornuta
Nereis sp.

Nereis pelagica
Nereis procera
Nereis zonata
Nephtyidae

Nephtys sp.

Nephtys sp. frags.
Nephtys assimilis
Nephtys ciliata
Nephtys caeca
Nephtys cornuta
Nephtys punctata
Nephtys rickettsi
Nephtys longasetosa
Sphaerodoropsis minuta
Sphaerodoropsis sphaerulifer
Glyceridae

Glycera sp. frags.
Glycera capitata
Goniadidae

Glycinde picta
Glyeinde armigera
Gontada annulata
Goniada maculata
Onuphis sp.

Onuphis sp. frags.
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Taxon Name

TABLE VI.A.XVI

CONTINUED

Crit 1% Crit 2% Crit 3* Crit 4%

Crit 5%

Sta Occ

Onuphis conchylega
Onuphis geophiliformis
Onuphie iridescens
Eunicidae

Lumbrineridae
Lumbrineris sp.
Lumbrineris sp. frags.
Lumbrineris bicirrata
Lumbrineris latreilli
Lumbrineris similabris
Lumbrineris zonata
Lumbrineris luti
Lumbrineris minima
Ninoe germmea
Drilonereis falcata minor
Megalomma sp.
Haploscoloplos panamensis
Haploscoloplos elongatus
Nainereis sp.

Nainereis dendritica
Scoloplos sp.

Seoloplos armiger
Paraonidae

Aedieira sp.

Arieidea sp.

Aricidea suecica
Aricidea longicornuta
Aricidea jeffreysit
Paraonis gracilis
Apistobranchus tullbergi
Spionidae
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TABLE VI.A.XVI

CONTINUED

Taxon Name Crit 1% Crit 2% Crit 3% Crit 4% Crit 5% Sta Occ

Anaspio boreus

Laonice cirrata X

Polydora sp.

Polydora socialis

Polydora caulleryt

Prionospia sp.

Prionospio malmgrenti X X 1
Prionospio cirrifera

Seolecolepides sp.

Spio filicornis

Boccardia sp.

Spiophanes sp.

Sptophanes bombyx X X

Spiophanes cirrata

Magelomma sp. X X X X 1
Magelomma japonica X X
Sptochaetopterus sp.

Sptochaetopterus costarum

Spiochaetopterus costarum frags.

Cirratulidae

Tharyx sp.

Chaetozone setosa X
Sealibregma inflatum X

Sealibregma inflatum frags. .

Ophelia limacina X
Travisia SP.

Travisia brevis X

Travisia forbesii

Sternaspis scutata

Capitellidae X X
Capitellidae frags.
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Taxon Name Crit 1%

TABLE VI.A.XVI

CONTINUED

Crit 2%

Crit 3%

Crit 4%

Crit 5%

Sta

Occ

Capitella capitata
Heteromastus filiformis
Notomastus sp.
Maldanidae

Maldanidae frags.
Asychis sp. frags.
Asychie similis
Maldane sarsi

Maldane glebifex
Nicomache sp.
Notoproctus sp.
Axiothella sp.
Axiothella catenata
Axiotella rubrocincta
Praxillella sp.
Praxillella sp. frags.
Praxillella gracilis
Praxillella praetermissa
Praxillella affinis
Rhodine sp.

Rhodine sp. frags.
Rhodine bitorquata
Rhodine gracilior
Rhodine gracilior frags.
Oweniidae

Oweniidae frags.
Owenia sp. frags.
Owenia fusiformis
Myriochele sp.
Myriochele sp. frags.
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TABLE VI.A.XVI

CONTINUED

Taxon Name Crit 1% Crit 2% Crit 3% Crit 4%

Crit 5%

Sta Occ

Myriochele heeri X X
Myriochele heeri frags.

Sabellariidae frags.

Idanthyrsus armatus

Cistenides brevicoma

Cistenides hyperborea

Ampharetidae

Ampharete sp.

Ampharete arctica

Ampharete vega

Amphicteis gunneri

Lysippe labiata X
Melinna cristata

Melina elisabethae

Terebellidae

Terebellidae frags.

Pista sp.

Pista eristata X
Polyecirrus sp.

Artecama sp.

Artecama coniferi

Artacama proboscidea

Lanassa sp.

Lanassa nordenskiolds

Lanassa venusta

Proclea emmi

Trichobranchidae

Terebellides stroemiti X
Sabellidae

Chone sp.
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Taxon Name -

TABLE VI.A.XVI

CONTINUED

Crit 1%* Crit 2% Crit 3% Crit 4%

Crit 5%

Sta Occ

Chone gracilis

Chone infundibuliformis
Chone cincta

Euchone analis
Fabricia sp.

Laonome sp.

Laonome kroyeri
Chitinopoma groenlandica
Serpula vermicularis
Cossura longocirrata
Disoma multisetosum
0Oligochaeta

Mollusca

Chaetoderma robusta
Ischnochiton albus
Pelecypoda

Aeila castrenis

Nucula tenutis

Nuculana sp.

Nuculana pernula
Nuculana fossa

Yoldia sp.

Yoldia amygdalea
Yoldia hyperborea
Yoldia scissurata
Yoldia secunda
Glycymeris subobsoleta
Crenella dessucata
Musculus niger
Musculus corrugatus
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Taxon Name

Crit 1%

TABLE VI.A.XVI

CONTINUED

Crit 2%

Crit 3?'

Crit 4%

Crit 5%

Sta Occ

Dacrydium pacificum
Astarte sp.

Astarte borealis
Astarte alaskensis
Astarte montagui
Astarte polaris
Astarte rollandi
Astarte esquimalti
Cyelocardia ventricosa
Cyclocardia crebricostata
Cyelocardia inecisa
Cyelocardia crassidens
Parvilucina tenuisculpta
Axinopsida serricata
Thyasira flexuosa
Mysella sp.

Mysella tumida
Odontogena borealis
Serripes groenlandicus
Veneridae

Saxidomus gigantea
Liocyma fluctuosa
Psephidia lordi
Protothaca staminea
Spisula polynyma
Macoma sp.

Macoma calcarea
Macoma moesta alaskana
Tellina nuculoides
Siliqua alta
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Taxon Name

TABLE VI.A.XVI

CONTINUED

Crit 1%* Crit 2% Crit 3% Crit 4%

Crit 5%

Sta

Occ

Mya sp.

Mya elegans
Hiatella arctica
Pandora filosa
Cardiomya sp.
Cardiomya pectenata
Cardiomya planetica
Gastropoda
Margarites sp.
Solariella sp.
Solariella obscura
Solariella varicosa
Natica clausa
Polinices sp.
Neverita nana
Polinices pallida
Neptunea lyrata
Mitrella gouldi
Olivella biplicata
0livella baetica
Oenopota sp.
Oenopota turricula
Lora sp.

Lora quadra

Lora solida
Odostomia sp.
Turbonilla torquata
Retusa sp.

Retusa obtusa

Gastropteron pacificum

Cylichna alba
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Taxon Name

Crit 1%

TABLE VI.A.XVI

CONTINUED

Crit 2%

Crit 3%

Crit 4%

Crit 5%

Sta Occ

Scaphopoda

Dentalium sp.
Dentalium dalli
Cadulus sp.

Cadulus tolmei
Crustacea

Podocopa

Calanus sp.

Balanus sp.

Balanus balanoides
Balanus crenatus
Cumacea

Lamprops sp.

Lamprops fasciata
Leucon nasica
Eudorella sp.
Eudorella emarginata
Eudorella pacifica
Eudorellopsis integra
Diastylis sp.
Diastylis alaskensis
Campylaspis rubicunda
Isopoda

Arcturus beringanus
Gnorimosphaeroma oregonensis
Gnathia sp.
Anthuridae

Amphipoda
Ampeliscidae frags.
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TABLE VI.A.XVI

CONTINUED
Taxon Name Crit 1% Crit 2% Crit 3* Crit 4% Crit 5% Sta Occ
Ampelisca macrocephala X X X X 1
Ampelisca eschrichti
Byblis sp.
Byblis gaimardi X X X 1

Haploops tubicola
Ampelisca furcigera
Calliopiidae
Colomastigidae
Richthonius grebniizkii
Gammaridae
Gammarellus sp.
Melita sp.

Melita dentata
Euhaustorius eous
Isaeidae

Photis sp.

Photis spasskii
Protomedia sp.
Protomedia epimerata
Podoceropsis sp.
Ischyrocerus sp.
Ischyrocerus anguipes
Lysianassidae
Lysianassidae frags.
Anonyx sp.

Anonyx nugax
Orchomene sp.
Melphidippidae
Bathymedon sp.
Pontocerates arenarius
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TABLE VI.A.XVI

CONTINUED
Taxon Name Crit 1% Crit 2% Crit 3% Crit 4% Crit 5% Sta Occ
Phoxocephalidae
Heterophoxus oculatus
Paraphoxus sp. X
Paraphoxus obtusidens X X

3
4
5
2
1
1
1
4
1
1
1
1
1
3
1
1
1
1
1
1
1
5
1
1
1
3
2
1
1
1
3

Paraphoxus sp.
Paraphoxus oculatus
Stenothoidae
Metopa sp.
Paraphoxus robusta
Synopiidae
Phronimella sp.
Caprellidae
Euphausiacea
Decapoda

Decapoda frags.
Hippolytidae

Eualus sp.

Fualus avina
Fualus berkeleyorum
Crangon sp.

Crangon communis
Pagurus sp.

Pagurus granosimanus
Albuneidae
Chionoecetes sp.
Chionoecetes bairdi
Pinnixia schmitti
Sipunculida
Golfingia sp.

Golfingia margaritacea

Phascolion strombi
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TABLE VI.A.XVI

CONTINUED

Taxon Name Crit 1% Crit 2%

Crit 3*

Phascolosoma sp.

Phoronida

Ectoprocta

Lichenopora verrucaria

Terebratulina sp.

Terebratulina ungutcula

Terebratulina crosseil

Laqueus californianus

Terebratulina transversa

Echinarachnius parma X
Allocentrotus fragilis
Strongylocentrotus sp.

Ophiuroidea

Ophiuroidea frags.

Diamphiodia eraterodmeta

Unioplus macraspis

Ophiuridae

Ophiopenia disacantha

Ophiura sp.

Ophiura sarsi

Holothuroidea

Cucumaria caleigera

Ammodytes hexapterus X
Unidentified X
Unidentified Frags.

Total Number of Taxons
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*Criteria = 1 taxon occurs in 50 pct or more of stations

2 at least 10 pct of individuals at some station
3 at least 10 pct of wet biomass at some station
4
5

abundant wrt No. individuals at some station

abundant wrt total biomass at some station
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Figure VI.A.l1. Cluster analysis of untransformed abundance data from benthic grab samples in Cook Inlet.
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Cluster analysis of natural logarithm transformed abundance data from benthic grab samples in Cook
Inlet.
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Figure VI.A.4. Cluster analysis comparing taxa on the basis of untransformed
abundance data from benthic grabs in Cook Inlet.
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SECTION B — FOOD OF SELECTED BENTHIC INVERTEBRATES AND FISHES IN COOK
INLET

A detailed survey of the food of commercially important Crustacea and
two of thelr major prey groups, crangonid shrimps and hermit crabs, was
undertaken in order to identify key species involved in the flow of carbon
to these organisms. The animals examined were snow, king, and Dungeness
crabs; hermit crabs; pink, coonstripe, humpy, and crangonid shrimps. Data
on the food requirements of zoea larvae of snow crab, king crab, and pink
shrimp, juvenile snow crab, and post-larval king crab are included. Ad-
ditional food data for small numbers of Crangon communis, C. franciscorum,
Sclerocrangon boreas, Argis demtata, Oregonia gracilis, Hyas lyratus,
Lebbeus groenlandica and Ophiura sarsi are also included but not discussed.
These data are necessary to describe important organisms in the food web
of crab and shrimp which may be adversely affected by offshore o0il and gas

development.

Food of Snow Crab (Chionoecetes bairdi)

Food occurred in 772 (64%) of 1198 Chionoecetes bairdi, larger than
20 mm, examined (Tables VI.B,I-VI.B.VI). In outer Kachemak Bay (Fig.
VI.B.1). Stations 40, 40A, and 41, small clams were the most frequently
encountered prey, occurring in 337% of the stomachs. The clams, Spisula
polynyma, Nucula tenuis, and Macoma spp. occurred in 16%, 6%, and 4% of the
stomachs, respectively. Hermit crabs were observed in 177% of the stomachs
and barmacles in 147%. All other prey categories were observed in less than
10% of the stomachs. In inner Kachemak Bay, Station 37, the dominant foods
were the clam, Nuculana fossa, which occurred in 7% of the stomachs, and

polychaetous annelids found in 57 of them.

In Kamishak Bay, Stations 18, 25, 27, 28, 35, 53, 56, PMEL 1 and El,
small bivalves occurred in 377% of the stomachs. Macoma spp. were the most
frequently occurring clams and were found in 13% of the stomachs. Barnacles
and hermit crabs were observed in 197 and 17% of the stomachs, respectively.
All other categories of food were observed in less than 10% of the stomachs.
Juvenile Chionoecetes bairdi were found in four stomachs at Statiom 23

(Table VI.B.I).
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Near the mouth of the Inlet, Stations 5, 5A, 8A, and 23, two food
types dominated. Clams of the genus Macoma and hermit crabs occurred in

457 and 127 of the stomachs, respectively.

Throughout Cook Inlet, snow crab stomachs with food commonly contained
the remains of several barnacles or clams. In one stomach, 16 recently
settled Macoma spp. were observed. Few stomachs contained more than one
large crustacean. The total number of each prey species estimated is
presented in Table VI.B.V. These data must be considered qualitative
since the estimates are made by counting shell and exoskeletal parts; soft,
easily digested tissues are underestimated. Feeding observations in the
laboratory have demonstrated that snow crabs may often eat the tissue of

small bivalves without ingesting much of the shell.

Little difference was detected in the frequency of occurrence of prey
species in Chionocecetes bairdi of different sexes or sizes examined (Tables

VI.B.V-VI.B.VI).

Barnacles, hermit crabs, crangonid shrimps, and small clams are
widely distributed throughout lower Cook Inlet (see Section A), and are
apparently fed upon by Chionoecetes bairdi in proportion to their abundance.
Other species used for food are discontinuous in their distribution in
lower Cook Inlet (see Section A). This discontinuous distribution, probably
more than their acceptability as food, explains the infrequent occurrence

of these species in snow crab stomachs.

Small amounts of sediment were observed in stomachs of crabs from
the three areas. Sediment seldom contributed to more than 16% of the dried
weight of stomach contents (Table VI.B.VII), and was probably ingested

inadvertently or came from the stomachs of prey.

In the Kodiak area the most commonly encountered snow crab stomach
contents were small clams, shrimps, plant material, and sediment (Feder
et al., 1977; Feder and Jewett, 1977). 1In Cook Inlet plant material, pos-

sibly eelgrass, was only observed in one stomach.

Tarverdieva (1976) found in the southeastern Bering Sea that adult

C. bairdi fed mainly on polychaetes (60-70%). Echinoderms were found
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in less than 107 of the stomachs, and molluscs played a large role as

food of the young (637%) which live separately from the adults. Commercial-
size C. opilio fed, as C. bairdi, mainly on polychaetes (more than 50%

with respect to predominance), and the young crab fed on crustaceans (30-40%),
polychaetes (20-30%), and mollusks (20%). Feder et al. (1978) reported
polychaetes, clams and ophiuroids as important food items for (. opilio in

the southeastern Bering Sea.

Yasuda (1967) examined stomachs of Chionocecetes opilio elongatus
Rathbun from Japanese waters, and found the most frequently occurring
invertebrate prey to be brittle stars (Ophiura spp.), young C. opilio
elongatus, and protobranch clams. Polychaetes, shrimps, gastropods,

scaphopods, and fishes were also taken by (. opilio elongatus.

Polychaetes and gastropods were common in Cook Inlet but rarely preyed
upon. It is possible that polychaete fragments and setae were not observed
with the low-power dissection microscope available on shipboard; and poly-
chaetes may be used more frequently in snow crab stomachs than demonstrated
by our analysis. Brittle stars are relatively rare in lower Cook Inlet. In
Cook Inlet cannibalism was infrequent. Scaphopods and fishes were encoun-—
tered in few (. bairdi stomachs.

A comparison of the percent fullness of stomachs of Cook Inlet snow
crab at different times of day (Table VI.B.VIII) indicates that there are
apparently no day-night trends in fullness of snow crab stomachs. These
data also indicate the normal degree of stomach fullness encountered in
fall, spring, and summer collections. Data on percent fullness of stomachs,
average dry weight of stomach contents, and percent tissue weight of stomach

contents is presented in Table VI.B.VII).

In the laboratory, total clearance of the stomach required 3 days
(Table VI.B.IX). In the laboratory consumption of Macoma balthica tissue
by snow crab averaged 4.2%, 3.47 and 6.5% of total live weight, total dry
weight and dry meat weight of snow crab, respectively (Table VI,.,B.X). These
data may be useful for indicating a change in normal feeding habits result-

ing from an environmental change, such as o1l pollution.
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The remains of crustaceans were the most frequently observed items of
animal origin in the stomachs of Chionoecetes bairdi less than 20 mm carapace
width. Fragments of crustacean carapaces that were not identified to a
higher taxon were found in 607% of the stomachs. The remains of brachyuran
crabs, including C. bairdi and Pinmniza schmitti, were in 25% of the stomachs.
Carapace fragments assigned only to the order Decapoda were present in
127 of the stomachs. The percent frequency of occurrence for bivalves was
38%; Yoldia and Nucula were the most abundant of the identified clams.
Foraminifera were present in 297 of the stomachs. Polychaete and ophiuroid
fragments were found in 11% and 9% of the stomachs, respectively (Table
VI.B.XI). Sediment, diatoms and sponge spicules were observed in 77%, 297,
and 547 of the stomachs, respectively. The food value obtained from these
materials or the bacteria associated with them is unknown. Polychaete
setae were present in 547 of the stomachs, and perhaps polychaetes are more

important prey than are suggested by the low frequency of occurrence (117)

of polychaete fragments.




TABLE VI.B.I

DATA RECORDED AS FREQUENCY

FOOD OF COOK INLET SNOW CRAB, OCTOBER 1976.

OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS

JusWIpos

eaproantudg

B90BISNI) PITITIUSPTUN
1PpALIDq 8232020U0LYY
818UBI0YD0 SNANBDG
aeprandeq

aepruoduea)

*dds snyppung

*dds snuwjvg
epodrydury

BTATEBATH POTITIULIPTUN
*dds 22ap28Y
Sno1pun]20ab 8adiadsg
gaploInonuU vuUL113L
pwhufgod vynsids

*dds pwoovy
voaoquadfy vIP1Ox
vs8sof puvinony

D807 jPWD] D7]PONY
epodoajsesn
eloBYOo4LT0d

POOJ YITM SYDBWO3S °ON

PoUTWEXS SYOBWOIS °ON

Station

19

1

38 23

S5A
8B
18
23
25
28

24 14
79 31
141 106 1

141

16
13

12

15

100

14

14

27

67 3

87

11 23

22

i

1

96 64 5
22 10

40A
41

17
14 11 30

10

13

78 43 1

104 54

53

6

62A
76A

40 13

Total Frequency
of Occurrence

65

6

2 37 61 86 5

76

6

1

1 149 12

3 7

2

715 428 10

Percent Frequency

of Occurrence

9 12 1 1 0.1 ¢

0.5 11 0.3 5

1

1

2 0.1 1

60 1 0.30.4 1 0.121




TABLE VI.B.II

DATA RECORDED AS FREQUENCY

OF OCCURRENCE OF FOOD ITEMS

FOOD OF COOK INLET SNOW CRAB, NOVEMBER 1977.

PREY ITEMS

JudWIPes

s3284

sa1eds 1S09T3L
TeTaa3lew juerd °prun
aNsSsST] PATITIUSPTUN
B2ORISNI) POTJITIUIPTUf
~dds asouvn)

sepranded paTJTIuepIUl
sngp772doo snanbod
818UIZ0YO0 snanbog
aepruolduea)d

epodryduy

+dds snuvivg

*dds pwoovy

pwhufigod pynsids

-dds p1papoo10f)

*dds azapv3sy
2BpTUTIDDG

2epITTILK

pa108qoqns siazufioR1H
vgsof vuvinony

sinuay pInoNN
epodoydedg

epodo13ses palITIUSPIUf
x'ds p722a0705
BTATBATHE PRTITIUSPTUN
e39eydLTod

13 JTUTWBIOY

poo3 UITM SYowRWOIS °ON

paulwexs sSYOBWOIS “ON

Station

4

2

16 15

12
20

13

22

1 1

2 11 39
7
17

3
1

13

2

2
8
3

16 16

6
53 53
46 45

35
40

53
62 & 62A

27

142

14

23

Total Frequency
of Occurrence

59

32 12

1

38

1 12 17 5 1 4 7 35 55 1

7

16 6

6

160 146 15

Percent Frequency

of Occurrence

3 1 0.6 37

8

3 0.6 26 0.6 20

4 22 34 0.6 1

2

3 0.6 0.6 3

4 0.6 8 11

4

10

91

* The genus Margarites occurs in the area and may be included.




TABLE VI.B.III

DATA RECORDED AS FREQUENCY

FOOD OF COOK INLET SNOW CRAB, MARCH 1978.

OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS

Juswipags

1eTae3BW JUBg

1S09T9L

BO9OB]SNI) PITITIUSPTIU)
seprandeg

9EPTTEpPUR]

aepruoduei)

*dds snuvqvg

BTATBATH POTITIUSPTU]
*dds vuwoony

puwAuApod vynsidg
SNOLPUDIUB0IE S2d1dd2g
v32708qOgNs sidawhofly
*dds vipjog

vssof vuvinony

sinuay vInony

s339 epodoajsen
epodoagsen poTIIIuaprul
x*ds p772140708
Bl9RYOIAT0d

rOZRAXG

BOZOJIDAYH

Poo3 YITM SUYOBWOIS °*ON

POUTWEXd SUYODBWOIS *ON

Station

16

1

23 21

25
56

1
1

12 10

48 39

1

62A
E-1

Total Frequency
of Occurrence

24

2

3

91 76

Percent Frequency
of Occurrence

26

84

*The genus Margarites occurs in the area and may be included.
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TABLE VI.B.IV

144

DATA RECORDED AS FREQUENCY

FOOD OF COOK INLET SNOW CRAB, JULY 1979.

OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS

TeTa93eW Jueld

9NSST3 PITITIUSPTU(]
BOOBTPISY

eaproantydQ

B9OBISNI) POIITIUSPTUN
*ds priuuld

817100ab DIUOBBAQ
sepranded

*ds uobuva)

epodtyduy

BaOBUIND

*dds snuvvg

BIATBATE POTITIUSPTU]
SopLOINONU DUL] 18]
*dds pwoovy

vwhiufigod pynsidg
vssof puvynony

sinueg vinony
epodoilses paTITIUSPTU]
x*ds v77814D709
B39BYIATOd

BOZOIPAH

BI9JTUTWRIO]

pPOO3J YITM SYUOBWOIS °ON

pauTweXs SyYOdSBWO]S °ON

Station

18

16

72 57
39
15

27
37

PMEL1

1

21 17

16

10

36 20 1

43

40
41

62A
Total Frequency

of Occurrence

11

28

14

1

5 20 11 35 8

1 28 2

3

232 122

Percent Frequency

of Occurrence

0.8

5

1 12 0.40.4 5 0.8 1

3 0.40.8 4 0.4 6

5 15

1 0.412 0.8 2 9

52

*The genus Margarites occurs in the area and may be included.




TABLE VI.B.V

NUMBER OF PREY SPECIMENS IN SNOW CRAB STOMACHS
BY SIZE AND SEX, OCTOBER 1976

MF = mature female, MM = mature male, IF = immature female,
IM = immature male

Carapace Number of Number of Number of
wWidth Stomachs Sex Prey in Stomachs Crab Feeding
Station 5A
5 - 10 1 ™ Full of sediment 0
61 - 70 2 M No food 0
81 - 90 2 ™ Several Nuculana fossa 2
91 - 100 2 - No food 0
101 ~ 110 2 ™M 1 crustacean 1
111 - 120 6 MM 8 Macoma spp., 1 Nuculana fossa 6
121 - 130 4 MM 2 Macoma spp., 1 Nuculana fossa,
1 Balanus spp. 3
131 - 140 1 MM Several Macoma spp. 1
141 - 150 3 MM No food 0
71 - 80 2 MF Several Macoma spp. 2
81 - 90 3 MF Several Macoma spp. 3
91 - 100 2 MF 2 Macoma spp., 1 Nuculana fossa 2
101 - 105 1 MF 1 Macoma spp. 1
81 - 90 6 IF 3 Macoma spp. 3
91 - 100 2 IF 2 Macoma spp. 2
Total 39 Total 26
Station 8B
5~- 10 4 M 1 amphipod, 1 crustacean, sediment 2
11 - 20 3 M 2 tissue, sediment 2
21 - 30 3 ™ 1 amphipod, 1 Crangonidae 2
81 - 90 1 ™ 1 Paguridae, 1 Macoma spp. 1
101 - 110 1 M 1 Crangonidae 1
5~ 10 9 IF 2 amphipods, 1 tissue, sediment 3
11 - 20 2 IF 1 Natantia, 1 amphipod 2
21 - 30 1 IF 1 Paguridae 1
Total 24 Total 14
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TABLE VI.B.V

CONTINUED
Carapace Number of Number of Number of
width Stomachs Sex Prey in Stomachs Crab Feeding
Station 18
61 - 70 6 ™ 4 Serripes groenlandicus 2
71 - 80 16 ™ 2 S. groenlandicus, 2 Paguridae
3 Crangonidae, 3 Balanus spp.,
sediment 11
81 - 90 19 ™ 3 S. groenlandicus, 4 Paguridae,
2 Crangonidae, 2 Balanus spp.,
1 Pectinaria spp., sediment 13
91 - 100 13 ™M 1 S. groenlandicus, 4 Balanus spp. 5
101 - 110 15 M 1 Macoma spp., 1 Nuculana fossa,
1 Crangonidae, 3 Balanus spp.,
sediment 7
111 - 120 7 MM No food 0
121 - 130 2 MM No food 0
141 - 145 1 MM No food 0
Total 79 Total 38
Station 23
61 - 70 1 ™ 2 Macoma spp. 1
71 - 80 9 ™ 1 Yoldia hyperborea, 17 Macoma spp. 7
81 - 90 42 ™ 70 Macoma spp., 2 Chionoecetes bairdi 38
91 - 100 16 ™ 13 Macoma spp., 1 C. bairdi,
1 polychaete, 2 Paguridae, sediment 16
101 - 110 11 ™ 4 Macoma spp., 2 Balanus spp., sediment 7
111 - 120 9 MM 1 Paguridae, 1 C. bairdi, 1 Balanus spp.
1 Pelecypoda 4
121 - 130 7 MM 1 Macoma spp., sediment 1
131 - 140 1 MM No food 0
141 - 150 2 MM No food 0
161 - 165 2 MM No food ‘0
81 - 90 17 MF 21 Macoma spp., 1 Astarte spp.,
1 Pelecypoda, 1 Gastropoda,
3 Paguridae, sediment 15
91 - 100 12 MF 19 Macoma spp., 1 Pelecypoda,
1 Paguridae 9
101 - 110 3 MF 5 Macoma spp. 3
71 - 80 5 IF 6 Macoma spp. 3
81 -~ 90 _ 4 IF 3 Macoma spp., sediment 3
Total 141 Total 107
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TABLE VI.B.V

CONTINUED
Carapace Number of Number of Number of
Width Stomachs Sex Prey in Stomachs Crab Feeding
Station 25
31 - 40 2 ™ 1 Macoma spp. 1
61 - 70 2 ™ 2 Macoma Spp. 2
71 - 80 5 M 1 Macoma spp., 1 Astarte spp.,
1 Pagurus ochotensis 3
81 - 90 22 ™M 7 Macoma spp., 6 P. ochotensis,
5 Balanus spp., 2 polychaetes,
sediment ' 18
91 - 100 9 M 2 Macoma spp., 4 P. ochotensis,
-2 Paguridae, 2 Balanus spp. 10
111 - 120 3 MM 1 P. ochotensis, 1 Paguridae,
1 Crangonidae 3
121 - 130 5 MM 5 Macoma spp., 1 Astarte spp.,
1 Pandalus spp., 2 amphipods,
1 polychaete ' 5
131 - 140 3 MM 1 P. ochotensis, 1 Chionoecetes bairdi 2
81 - 90 8 MF 2 Macoma spp., 1 Astarte spp.,
1 P, ochotensis, 1 Balanus spp. 4
91 - 95 1 MF 1 Pelecypoda, sediment 1
21 - 30 3 IF S Macoma spp. 3
61 - 70 4 IF 2 Macoma spp., 1 Balanus spp.,
sediment 3
71 - 80 15 IF 7 Macoma spp., 1 Astarte spp.,
1 Pelecypoda, 1 Paguridae, 1 Balanus 11
81 - 90 5 IF 24 Macoma spp., 1 Paguridae,
1 Crangonidae 5
Total 87 Total 71
Station 28
91 - 100 2 M 1 Macoma spp., 2 Paguridae,
1 Balanus spp. 2
111 ~ 120 4 MM 1 Paguridae 1
Total 6 ‘ Total 3
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TABLE VI.B.V

CONTINUED
Carapace Number of Number of Number of
Width Stomachs Sex Prey in Stomachs Crab Feeding
Station 40A

41 - S0 9 M 1 Pelecypoda, 1 Pagurus ocho-

tensis, 2 Balanus spp.,

2 polychaetes, sediment 5
51 - 60 23 ™M 11 P. ochotensis, 2 Paguridae,

5 Balanus spp., 2 polychaetes, sediment 18
61 - 70 30 ™ 2 Spisula polynyma, 3 Nucella spp.,

4 P. ochotensis, 5 Paguridae,

9 Balanus spp., 1 crustacean,

1 Ophiuridae, 1 tissue 22
71 - 80 3 ™ 1 P. ochotensis, 1 Paguridae,

1 Balanus spp., sediment 2
81 - 90 3 ™ 1 P. ochotensis 1
41 - 50 13 IF 1 P. ochotensis, 1 Paguridae,

3 Balanus spp., 1 polychaete 6
51 - 60 15 IF 3 P, ochotensis, 2 Paguridae,

4 Balanus spp., 1 plant material,

sediment 10

Total 96 Total 64

148




au =) ~
juaurpes ~ m ./|.4. ™~ o~ T 2 =
O
— - .
s33837 s
saTeds 150379 ~ ~ -
jeraajeu jueyd ‘pyun — -t ] w f2a)
aNsST] parjTIulapIUN — - N oo o ©
BOOBISNI) PITITIUIPTUA wv v v & —~ "~ o I
O
+dds asouv) — - S
aepran8eq paTJIIIuspIUN o o ™~ [ @© ~
~ o N
0
sngpp71doo. snanbog - R o
. s18us30400 sSnanbog E—— IR — \n )
~ .
™~
I sepruosuel) — — o~
5 & .
m H epodyduy - — o
Vm 2 dd
*dds shuv no oo o~ e o ™M ) ot
2L (& e N o o
B
% = BTATEATE PRTITIUSPTUR <+ NN - o« © =)
2o |3
© M A *dds DWOODH e o~ 10 o~ N o~
| <P S| o™ o~
o O8
S wms vwAuRrod vynerds - e - oo ~ <
- N C .
a HO .
S +dds pipapooyof) ~ N <+ o«
> > :
w ®mo
2 & *dds azuapzsy - N~ ) gl
2 38
= O v}
= 9BPFUTIOD — — .
s B P d S
om
= m e M
« QePTTTILK & - S 8
= 3
g~ pgajosqoqns S1IBWAOALH 5 n = |
— ._m
vge DUD - 4
x m of nomy  H o &N o ~ . N oo °
8y -
n 4 81nusl vinony ™ ™ - u -] W
Q < E
g wpodoydeog - - < o
85 S 2
S o
b epodoiises paT3iTIusSpyun ) ~ o~ ~ = 9
u
¥°ds D7782aD708 N ~ o~ — ) ~ "
-]
-~
B39RYd410d - - o - e
i
BI3JTUTWERIOS S ] - o NN 0 o »
5]
. W O O 0 N o — 3]
PoOJ Y3aTm sydewols °ON Q53 Q32 T ./H_ = S
w0
. - = 00 N T " (2} QD
poujwexs syoswols *oN ~ o A X an N 3
- — '
- > g
o
3 \m) ) >
- > = &
™~ O ~ Q o 8
o~ [= S~ SN - AN~ (S - U~ (N - (WY - g o 3@ =
- o « e e e « e e P Q0 OO
-~ (] [~ S = ST = AT - N - A N = A S = S = ] == [T =] 0
v N 34 - N MonNn ~ O~ oV N O =1
V-2 &) - O O RN g
@ R " o
g o W (SR T TR TR [ SO N B = S VI~ S~ - 80
o™ © N 0 & 0
-~ o o 0O O © O o 0 2y 90U o
o I . g . 3 . . . . A 8O UO m
® -~ N c 0o 0o o0 o o 9 u “
o O - - N ™ O o O O Q Y
nI w ~ H O /O *

149




60.'30.0°

se.*

58. 's0.0°
154, *30.0°

COOK INLET - CRAB STOMACH

15y, * 163, ¢ 182, 151.° 180. °

Figure VI.B.1. Location of stations where snow crab, king crab and Dungeness crab
were captured for stomach analysis.
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TABLE VI.B.VII

THE PERCENT FULLNESS OF STOMACH (%f), MEAN DRY WEIGHT (g) OF STOMACH CONTENTS (xdw),
PERCENT OF DRY WEIGHT PLANT AND ANIMAL TISSUE (%t), AND PERCENT SEDIMENT WEIGHT (%s) OF
SNOW CRAB, COOK INLET, NOVEMBER 1977

Blanks indicate no specimens at size

Size of Crab Station 5 Station 27 Station 35 Station 40 Station 53 Station 62, 62A
(mm) f xdw Zt s  Zf xdw %t %s 4f xdw %t s %f Xdw %t %s If xdw %t s If ®dw %t Is
0-9 - .028 57 8
10 - 19 6 .022 82 10 30 .030 60 6 34 .282 77 16
20 - 29 23 .086 85 13 40 .042 60 13
30 - 39 35 .176 78 10 29 .082 78 6
40 - 59 11 .177 90 4
60 - 79 30 .151 42 25
80 - 99 ’ 8 .212 93 5 29 .213 44 31 19 .275 73 8 16 .135 59 8
100 - 119 0 78 .191 68 16 19 .284 79 10 6 .167 54 3
>120 0 13 .340 67 12 10 .114 83 2

e
o
b




TABLE VI.B.VIII

A COMPARISON OF PERCENT FULLNESS OF STOMACHS OF COOK INLET SNOW CRAB
AT DIFFERENT TIMES OF CAPTURE

X = mean, N = number

Time/day X % Fullness Station N
November 1977
0130 55 53 42
0500 37 40 16
1900 34 35 47
2140 5 16
2140 8 27 3
2320 10 62, 62A 10
March 1978
0000 28.6 62A 6
0335 50.0 62A
0740 60.0 62A 1
0815 38.1 25 21
1040 25.0 62A 1
1206 60.2 62A 6
1402 100.0 62A 1
1440 62.8 62A 2
1537 45.0 62A 2
1700 50.0 62A 2
2206 72.2 62A 3
July 1978
0530 14 40 18
1100 5 37 6
1430 24 PMEL1 12
1800 54 62A 2
1800 15 5 46
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TABLE VI.B.IX

PERCENT FULLNESS OF STOMACHS OF SNOW CRAB
AFTER FEEDING IN THE LABORATORY (5°C)

N = Number of specimens examined

Time After Mean Carapace Mean Percent Standard
Feeding (hrs) N Width (mm) Stomach Fullness Deviation

Experiment 1

24 5 62 11.0 6.8
32 5 51 5.6 2.4
44 5 55 6.7 5.1
56 5 53 3.4 3.2
80 5 52 1.5 0.5
Experiment 2
24 5 47 7.3 2.3
48 5 43 ' 4.8 2.8
72 5 45 2.4 1.1
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TABLE VI.B.X

CONSUMPTION OF MACOMA BALTHICA BY SNOW CRAB
OVER A TWENTY-FOUR HOUR PERIOD

X = mean, N = number of specimens

X Carapace Whole Crab Mean Macoma Macoma Meat
Width Weight Meat Weight Standard as % Crab

(mm) N (g) Eaten (g) Deviation Weight

Wet Welght Basis

42 5 19.5 1.630 1.2337 8.4
50 4 35.2 0.7422 0.2672 2.1
51 5 35.2 0.9917 0.5408 2.8
72 2 107.5 3.6918 1.7976 3.4
x 4.2
Dry Weight Basis
42 5 5.4 0.4315 0.3266 7.9
50 4 9.3 0.0915 0.3929 1.0
51 5 10.2 0.2917 1 0.1591 2.9
72 2 30.1 0.5067 0.2466 1.7
X 3.4
X Carapace Mean Macoma Macoma Meat
Width , Dry Crab Dry Meat (g) Standard as % Crab
(mm) N Meat Weight Weight Eaten Deviation Weight
42 5 2.8 0.4315 0.3266 15.4
50 4 4.6 0.0915 0.3929 1.9
51 5 5.1 0.2917 0.1591 5.7
72 2 15.4 0.5067 0.2466 3.2
x 6.5
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Food of King Crab (Paralithodes camtschaticq)

A total of 117 king crab stomachs were examined from Kamishak Bay
(Fig. VI.B.1), 90% contained food. The mean carapace length of all crab
examined was 105 mm with a range of 35~150 mm. The three most frequently
observed individual foods were barnacles, 81%; bivalves of the family
Mytilidae, probably Modiolus sp., 13%; and hermit crabs, 12%. 1In addition,
17 other categories of food items were observed; none occurred in more
than 67 of the stomachs. Bivalves (clams), all species combined, occurred
in 277 of the stomachs, and gastropods were found in 127 of the stomachs
(Table VI.B.XII). 1In May, 41% of the crabs with empty stomachs were newly
molted or molting individuals.

Stomachs from crabs in Kamishak Bay (Fig. VI.B.l) often contained
only barnacle remains. Thirty king crabs, Paralithodes camtschatica, col~
lected at Station 35 had full stomachs. All crabs had barnacles in their
stomachs; 60% of these crabs were feeding exclusively on barnacles. The
stomach contents of all king crabs feeding exclusively on barnacles were
digested in KOH, and the shell weight remaining after KOH digestion de-~
termined. In addition, the average shell weights of barnacles, randomly
selected and counted on pieces of pumice taken in trawls, were determined
in a similar manner., Utilizing this data, an estimation of the average
number of barnacles in each of the king crab stomachs was made. The stom-
achs contained barnacle shells equivalent to an average of 11.2 (S5.D. = 7.4)
barnacles per crab. King crabs were not present in trawl catches from
Station 35 in 1976; this suggests that this predator has been attracted by

the presence of barnacles, a new and abundant food source.

In Kachemak Bay, 113 king crabs were captured, 727 contained food
(Table VI.B.XIII). Bivalves, all species together, occurred in 60% of the
stomachs, The clam, Spisula polynyma, was the most frequently occurring
prey species, observed in 387 of the stomachs. Barnacles were found in 14%
of the stomachs. The snail, Neptunea lyrata, occurred in 11% of the stomachs.
By examining shell thickness and sizes of resilium or cardinal teeth of
Sptsula polynyma shells in stomachs, it was possible to estimate sizes and

age of the clams eaten (see Section C for size and age data). In the 43
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king crab stomachs containing S. polynyma, 13 had large clam meats and
pieces of shell 1 to 2 mm thick. Spisula polynyma with shells this thick
would exceed 80 mm in shell length and be seven years of age or older.
Shells of S. polynyma, less than 10 mm in length (young-of-the-year or
one-year-old clams) occurred in 30 stomachs. Pieces of Neptunea lyrata

opercula up to 15 mm in length were found in the stomachs of adult crabs.

In contrast to Kamishak Bay, king crab in Kachemak Bay, generally
contained the remains of a variety of organisms. For example, one specimen
contained 21 small Spisula polynyma, two Solariella sp. (snail), one

Oenopota sp. (snail), and Balanus sp. shell.

Sixteen king crabs were captured at Station 6 near the mouth of the
Inlet. In the 12 that contained food, 10 had eaten Nuculana fossa. These
stomachs contained between 10 and 25 of these small bivalves. Clams of
the genus Macoma occurred in four stomachs, and one crab had unidentifiable

crustacean remains.

Tarverdieva (1976) provides information on feeding of king crabs from
Bristol Bay, Alaska. There, echinoderms and molluscs were the predominant
food items occurring in 50% and 357 of the stomachs respectively. Feder
et al. (1978) observed (linocardium eiliatum in 67%, Solariella spp. in 55%,
Nuculana fossa in 507%, Cistenides sp. and brittle stars of the family
Amphiuridae in 357 of 124 king crab stomachs from the southeastern Bering
Sea., Takeuchi (1968a, b) examined the food of king crabs from the Kamchatka
region of Japan, and found that molluscs, crustaceans, and echinoderms
were the main food items. Takeuchi (1968b) found that the frequency of
occurrence of the above prey groups in crab stomachs corresponded to the
relative abundance of these organisms. 1In Cook Inlet, barnacles, clams,
snails, and hermit crabs are widely distributed (Section A) and are fed
upon in proportion to their abundance. At the stations examined, small

echinoderms were relatively rare (Section A).
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TABLE VI.B.XII

FOOD OF COOK INLET KING CRAB, KAMISHAK BAY.
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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Total Frequency
of Occurrence

14
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1

3

117 105
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3
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*The genus Margarites occurs in the area and may be included.




TABLE VI.B.XIII

FOOD OF COOK INLET KING CRAB, KACHEMAK BAY.
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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*The genus Margarites occurs in the area and may be included.




Food of Post-Larval King Crab (Paralithodes camtschatica)

Sediment was found in 937 of the post-larval king crab stomachs

(Table VI.B,XIV; Fig. VI.B.2). This high incidence of occurrence suggests
that foraging in the sediment is a common method of feeding. Diatoms (27%)
and tintinnids (7%) which have settled to the bottom, are also commonly
ingested. Sponge spicules, found in 60% of the stomachs, are common in
subtidal sediments, No identifiable pieces of sponge tissue were observed
in the stomachs. Sponges are seldom eaten by benthic predators; however,
some nudibranchs and crustacean inhabitants of sponges feed on them (Hyman,
1940) ., The importance of sponges as food to post-larval king crab cannot

be determined from stomach analysis alone.

Pieces of algae and the bryozoan, Flustrella, were observed in 9% and
117 of the stomachs, respectively. Neither algae nor bryozoans appeared to
contribute significantly to the volume of the material present in the
stomachs. Therefore, the algae and Bryozoa appear to provide a suitable

habitat rather than actual food for the young crab.

Seventy percent of the stomachs contained significant amounts of un-
identifiable organic material, possibly detritus. This material may also
have been a mixture of sediment and semidigested tissue and, because of its
unknown nature, is recorded as unidentified organic material. Detritus
and associated bacteria have been demonstrated to be important to the nutri-
tion of some crustaceans (Fenchel and Jérgensen, 1977; Moriarty, 1976;

Rieper, 1978).

Small crustacean fragments were found in 647 of the stomachs.
Harpacticoid copepods and ostracods were the most prevalent identifiable
crustaceans, found in 8% and 9% of the stomachs, respectively. Polychaete
setae were found in 31% of the stomachs. Only three observations of setae
associated with polychaete tissue were made. Foraminifera were observed

in 27%, and unidentified Protozoa in 6% of the stomachs.

Marukawa (1933) suggests that the glaucothoe of king crab feed on
bryozoans and detritus. This study indicates that post-larval king crab
ingest significant quantities of detritus and some Bryozoa, but that the

crab also takes Protozoa, harpacticoid copepods and ostracods. The ability
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of post-larval king crab to utilize detritus and sediment together with

associated bacteria as food needs to be investigated.
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Food of Dungeness Crab (Cancer magister)

Food occurred in 331, 80%, of the 413 Dungeness crab, Cancer magister,
stomachs examined (Tables VI.B.XV-VI.B.XVI; Fig. VI.B.1l). The average shell
width of the Dungeness crab examined was 142 mm with a range of 22 to 210 mm.
Individuals over 50 mm carapace width preyed primarily on small bivalves,
barnacles, and amphipods (Table VI.B.XV). Small clams were the most impor-
tant food items, and were present in 67% of the stomachs. Young Spisula
polynyma was the most frequently occurring prey, observed in 487 of the
stomachs. All other prey species occurred in less than 5% of the stomachs

examined.

In 93% of the Cancer magister stomachs containing Spisula polynyma,
the shell fragments belonged to clams less than 10 mm in shell length
(young-of-the-year or one-year-old clams). By counting the number of umbos
or hinge ligaments present, it was possible to make an estimate of the
number of small S. polynyma present in some stomachs. The maximum number
countable in one stomach was 125 young clams. The meats of large S. polynyma

and pieces of shell 1 to 2 mm thick were observed in 29 stomachs.

In one sample of Cancer magister, composed of crabs with carapace
widths of 22 to 45 mm (Table VI.B.XVI), the most frequently occurring
animals were Foraminifera, 36%; Polychaeta, 28%; barnacles, 28%; and small
clams 25%. The individuals with empty stomachs were generally in a newly

molted or molting condition.

In a northern California study, the five most frequently observed
categories of prey for Cancer magister were clams, 357; fishes, 247%; isopods,
17%; amphipods, 16%; and razor clams (Siliqua patula), 12% (Gotshall, 1977).
Butler (1954) examined (. magister from British Columbia, Canada, and found
that crustaceans (59%) and clams (56%) were the most frequently occurring
food items. Butler (1954) reported fish remains in only four Dungeness
stomachs. The results of these two studies are similar to our data in that
all of the investigations show that clams and several kinds of crustaceans
are important as prey for C. magister. The major difference between the
studies is the importance of fishes in the diet of northern California

Dungeness crabs, and the low frequency of occurrence of fishes in crab diets
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in British Columbia and Cook Inlet. Isopods or razor clams were rarely
encountered in grabs or dredges in Cook Inlet. The mollusc most commonly
taken by dredging, and found in the stomachs of other predators in the
study area, was Spisula polynyma. Therefore, the high incidence of pre-

dation on this species is probably a reflection of its abundance.




TABLE VI.B.XV

FOOD OF COOK INLET DUNGENESS CRAB CARAPACE WIDTHS GREATER THAN 50 wmm.

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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*The genus Margarites occurs in the area and may be included.
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TABLE VI.B.XVI

FOOD OF COOK INLET CANCER MAGISTER, CARAPACE WIDTHS OF 22-45 mm.

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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Food of Pink Shrimp (Pandalus borealis)

A total of 233 Pandalus borealis stomachs were examined from lower
Cook Inlet; 82% (192 individuals) contained food (Table VI.B.XVII; Fig.
VI.B.3). The three most frequently observed items were unidentified
Crustacea, frequency of occurrence 47%; unidentified Polychaeta, 217%, and
diatoms, 16%. Additional crustaceans identified to lower taxa were Decapoda,
5%; and Ostracoda, 37%. Other polychaetes included Spionidae, 5%; Nephtyidae,
2%; and Lumbrineris sp., 2%. The centric diatom Melosira sulecata and na-
viculoid diatoms were frequently observed. Other food items included
small unidentified clams, 16%; Nucula tenuis was observed in an additional
6% and Nuculana spp. in 3% of the stomachs with food. Foraminifera were
observed in 14% of the stomachs; Teleostei remains in 57 and plant material
in 3%. ©Pink shrimp stomachs typically contained a variety of items. For
example, the stomach of one shrimp, carapace length 19 mm, contained an
intact Nuculana sp., numerous crustacean fragments, four Foraminifera, un-
identifiable fibers, numerous Melosira sulcata, and unidentifiable spines.
Unidentified organic matter was frequently observed, 377 frequency of oc-
currence, and sediment was common, 44%. 1In addition, sediment constituted
607 of the dry weight of stomach samples so analyzed (Table VI.B.XVIII).
Fifteen additional food categories were infrequently observed in pink shrimp

specimens (Table VI.B.XVII).

Prey frequency of occurrence data for pink shrimp from Station 37
(7/78) were examined for differences between males and females. Chi-square
analysis of the five most frequent food categories revealed no significant

differences in frequencies.
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0L1

TOTAL DRY WEIGHT OF SHRIMP STOMACH CONTENTS AND PERCENTAGE OF DRIED STOMACH CONTENTS COMPOSED OF SEDIMENT

TABLE VI.B.XVIII

No. stomach

Total dry wt.

Total dry wt. sediments
in stomachs after KOH, KCl

% of dried stomach

Animal Station Date contents stomachs contents (g) digestion treatment contents sediment
Pandalue goniurus 62 3/78 18 .525 .320 61%
Pandalue goniurus 8 6/78 52 775 494 64%
Pandalus hypeinotus PMEL 7 7/78 3 .123 .108 88%
Pandalus hypsinotus 40 . 7/78 12 407 .250 617%
Pandalus hypsinotus 384 3/78 8 121 .062 51%
Pandalus hypsinotus 37 7/78 50 1.152 .827 72%
Pandalus borealis PMEL 7 8/78 37 428 .267 62%
Pandalue borealis 37 8/78 25 .285 164 58%
Control - - - .780 .556 -

(Sand .565 gm

Tissue

215 gm)
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Figure VI.B.3. Lower Cook Inlet, Alaska, and stations where pandalid shrimp were collected for
stomach analysis.




Food of Coonstripe Shrimp (Pandalus hypsinotus)

One hundred ninety-five Pandalus hupsinotus stomachs were examined;
807 (157 individuals) contained food (Table VI.B.XIX; Fig. VI.B.3). The
three most frequently identified stomachs items were unidentified Crusta-
cea, 497 frequency of occurrence, unidentified Polychaeta, 39%; and
unidentified small clams, 9%. Common and additional crustaceans identified
to a lower taxon included Decapoda, 5%. Additional polychaetes included
Disoma multisetosum, 9%; Polynoidae, 8%; and Spionidae, 5%. An additional
bivalve, Nucula tenuis was observed in 17% of the stomachs. Other food
items included Teleostei, 7%; sponge spicules, 6%; diatoms, 5%; plant mate-
rial, 5%; and Foraminifera, 5%. Eight other food categories were infrequently
observed (Table VI.B.XVII). The coonstripe shrimp stomachs contained a
variety of organisms. For example, the stomach of one shrimp, carapace
length 22.5 mm, contained an intact Nucula tenuis (2 mm in length), numerous
crustacean fragments, and broken polychaete setae. Another individual,
carapace length 32 mm, contained 17 intact Nucula tenuis (2-4 mm), terebellid

polychaete setae, naviculoid diatoms, and unidentified tissue.

Unidentifiable organic matter was frequently observed, 29% frequency
of occurrence, and sediment was common. Sediment averaged 68% of the dry

weight of stomach contents so analyzed (Table VI.B.XVITI).

Prey frequency of occurrence data for coonstripe shrimp from Station
56A (3/78) were examined for differences between males and females. Chi-
square analysis of the 5 most frequent categories revealed no significant

differences in frequencies.
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TABLE VI.B.XIX

FOOD OF COOK INLET COONSTRIPE SHRIMP

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS
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Food of Humpy Shrimp (Pandalus goniurus)

Two hundred forty-one Pandalus goniurus stomachs were examined; 82%
(197 individuals) contained food (Table VI.B.XX; Fig. VI.B.3). The three
most frequently observed food items were unidentifiable Crustacea, 287
frequency of occurrence, unidentifiable Polychaeta, 11%; and unidentifiable
small clams, 7%. Additionally, decapods, ostracods and amphipods were
observed in 77, 2%, and 27, respectively, of the stomachs. Other polychaetes
included Maldanidae, 4%. The clam, Nucula tenuis, was also observed in 5%
of the specimens. Other food items included Foraminifera, 87%; Teleostei,
67%; plant material, 5%; and diatoms, 4%. Ten other food categories were
infrequently observed (Table VI.B.XX). Humpy shrimp typically fed on a
variety of organisms. For example, one shrimp, carapace length 13.3 mm,
contained amphipod pieces, decapod fragments, two foraminiferans and shell

fragments of Nucula tenuis and gastropods.

Unidentifiable organic matter and sediment were observed in 377% and
63% of the stomachs, respectively (Table VI.B.XX). 1In addition, sediment
constituted 62% of the dry weight of the stomach contents so analyzed
(Table VI.B.XVII).

Prey frequency of occurrence data for humpy shrimp from Station El
were examined for differences between males and females. Chi-square analy-
sls of the five most frequent categories revealed no significant differences

in frequencies.

Results of the present study suggest that the three pandalids examined
are opportunistic foragers or food generalists. The shrimps examined uti-
lized a total of 32 food categories with the most common food items reflect-
ing the foods most available (see Section A). No major differences in the
most frequently observed food categories found in stomachs of the three
shrimp species were observed, i.e., Crustacea, Polychaeta, Bivalvia, and
diatoms in decreasing order of importance. Also, these species all showed
evidence of active predation as exhibited by the variety of organisms and
the type of remains observed. Additionally, this study demonstrates that
pandalid shrimps in lower Cook Inlet feed primarily on the bottom, and sug-

gests that they do a considerable amount of sediment sorting for small prey
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and detritus. Crow (1977) reported that the principal food of pandalid
shrimps in Kachemak Bay was detritus and diatoms. The present report suggests
that active predation on infaunal invertebrates is also a common mode of feed-
ing. It is possible that sediment and detritus are ingested inadvertently
with prey. The importance of detritus and bacterial carbon associated with
the sediment as an additional carbon source for shrimp is unknown. It is
thought to be significant for some detrital-feeding organisms (Fenchel and
Jorgensen, 1977; Moriarty, 1976; Rieper, 1978). The results of this study
indicate that sediment and detritus constitute a significant portion of the
stomach contents of the shrimp examined. Hence, the importance of detrital
and bacterial carbon as food for pandalid shrimps needs to be investigated.

If oil contaminates the subtidal sediments of Kachemak Bay, all three species

of shrimps would ingest significant quantities of the pollutant.




TABLE VI.B.XX

FOOD OF COOK INLET HUMPY SHRIMP
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Feeding of Larval Stages of King and Snow Crabs and Pink Shrimp

King crab zoeae

At population densities of 20 prey items per liter, the average number
of zooplankton prey consumed by Paralithodes camtschatica zoeae was 0.8 per
day with a range of 0 to 1 organisms (Tables VI.B.XXI-VI.B.XXII). When prey
numbers were doubled, consumption increased significantly (P = 0.95) (Table
VI.B.XXII; Fig. VI.B.4) to an average of 1.3 copepods per zoea. However,
the range, 0 to 2 prey consumed per zoea, indicated that on some days feed-
ing was unsuccessful. At prey population densities of 80 organisms per
liter the average number of copepods consumed was 2.6 per day, with a range
of 1 to 7. At the highest prey concentration examined, 160 copepods per
liter, the average number of copepods eaten was 7.6 with a range of 3 to
12 (Table VI.B.XXII; Fig. VI.B.4). The data suggest that in the test beakers,
prey population densities had to be 40 to 80 per liter before all the zoeae
were able to capture and consume at least one copepod on a daily basis
(Paul et al., 1979b).

In the beaker containing king crab zoeae without prey, the first
mortality occurred on day four, and 100% mortality occurred by day eight.
The survival rates to day eleven in the beaker having 20 prey items per
liter was 40%. The survival rate to day eleven in each of the remaining

beakers was 60%.

The king crab zoeae held at 2°C and fed first at age 12 hours, killed
a daily average of 3.8 prey organisms per zoea. Zoeae fed at the same
age, but held at 4°C and 6°C, exhibited similar rates of predation, con-
suming an average of 3.7 and 4.4 crustaceans per day (Fig. VI.B.5). The
temperature of the water in the beakers apparently caused no significant
(P = 0.95) differences in predation rates of zoeae fed at age 12 hours

(Fig. VI.B.5).

The predation rate of the zoeae first fed at age 60 hours and held at
2°C was considerably lower, 1.7 prey per day, than that of their cohorts fed
at age 12 hours and zoeae in the other temperature groups fed at age 60

hours (Fig. VI.B.5). The predation rates of zoeae first fed at age 60 hours
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and kept at 4°C and 6°C, and their cohorts held at the same temperature

and fed at age 12 hours were similar (Fig. VI.B.3).

The zoeae starved for 84 hours, 3.5 days, and kept at 2°C and 4°C were
generally unable to capture prey; they consumed an average of 0.03 and 0.50
organisms per day respectively (Fig. VI.B.5). Zoeae starved for 84 hours and
held at 6°C retained the ability to capture prey. However, their predation
rate of 1.2 copepods per day was only one-third that of zoeae starved for
60 hours and also held at 6°C (Fig. VI.B.5).

The correlation coefficient was determined to be -0.860, this indicates
a high negative correlation between the number of hours starved and sub-
sequent ability to capture prey. The t-distribution (P = 0.95) was found
to be significant (Paul and Paul, in press).

In Cook Inlet, king crab eggs generally hatch from March through June

(A. Davis, pers. comm., Alaska Dept. Fish and Game, Homer, Alaska). During
this period monthly mean seawater temperatures are likely to range from

2° to 8°C (U.S. Dept. Commerce, 1970). Therefore, it is probable that Cook
Inlet king crab zoeae must forage for food during periods when the water
temperatures fall within the range of those examined, 2° to 6°C, in this
study. The similarity in the predation rates of stage one zoeae fed at

age 12 hours and kept at 2°C, 4°C and 6°C (Fig. VI.B.5) indicates that prey
availability when the zoeae first begin to feed is more important in de-

termining feeding success than the seawater temperature.

Paralithodes camtschatica exists as a stage one zoea for approximately
7 to 24 days depending on water temperature (Satoe, 1958). Including its
four other larval stages, king crab larva remain planktonic for 47 to 84
days (Satoe, 1958). Little is known about the feeding habits of king crab
larvae during this planktonic period. Cultured king crab zoeae will eat
phytoplankton, but will not survive unless also fed crustaceans (T. Nakanishi,
Hokkaldo Regional Fisheries Research Labortory, pers. comm., 1979). 1In the
laboratory, king crab zoeae require copepod concentrations of 40 to 80 per
liter to feed successfully (Paul et al., 1979b). 1If prey concentrations
are sufficient, they will consume 12 copepods (Paul et al., 1979b) or 25
Artemia salina nauplii per day (Nakanishi, 1976). Ishimaru (1936) reported
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reduced survival in year classes of king crab subjected to predominantly
stormy conditions during the planktonic larval period. It is possible that
mixing due to storms interferes with the feeding success of these active

Zoeae,

The results of this study indicate that if the first zoeae of Cook
Inlet king crab receive food within 60 hours of hatching, the larvae are
capable of capturing crustacean prey if the prey are available at sufficient
concentrations. 1If feeding is delayed an additional 24 hours, their
ability to feed on copepods and probably all zooplankters will be impaired,
especially if the water temperature is 4°C or less, and their chances for
survival will be reduced. The length of the critical period for snow crab
and pink shrimp remains undescribed. The survival rate of Chionoecetes
opilio also declines if they are starved for the first three days of life
(Ron, 1971). Chionoecetes opilio zoeae are similar in size to king crab,
C. bairdi and pink shrimp zoeae, and may be found with them in the Bering

Sea.

Snow crab zoeae

The average number of copepods consumed by zoeae of Chionoecetes bairdi
at prey population densities of 20 per liter was 0.5, with a range of 0.0-
1.0, per day. The mean number of copepods eaten by zoeae increased signif-
icantly (Table VI.B.XXII; Fig. VI.B.6) with prey availability. Thus, at
copepod population densities of 40, 80, and 160 per liter, the average
number and range of copepods captured by zoeae were 1.3, 2.2, 4.8, and 0.4-
1.0, 1.0-4.0, 2.0-7.0, respectively. Copepod concentrations had to equal
80 per liter before both the mean and range indicated all zoeae successfully

captured prey each day (Table VI.B.XXII).

The larvae in the beaker with the highest concentration of copepods
exhibited no mortality during the experiment. At the other three prey

concentrations examined, zoeae suffered 207 mortality. One hundred percent

mortality occurred by day eight in the beaker without food.




Pink shrimp zoeae

The results of the experiment on zooplankton prey population density
and feeding response with newly hatched Pandalus borealis zoeae larvae were
similar to those observed for king crab and snow crab zoeae (Fig. VI.B.7).
With prey concentrations of 20 and 40 prey items per liter, the average
number of prey consumed was 0,7 and 1.5 organisms per day respectively. At
both of these prey population densities shrimp larvae were often unsuccess-
ful at capturing prey, and ranges of 0.0 to 1.2 and 0.6 to 2.8 organisms
consumed per day occurred, respectively. With a population density of 80
prey per liter the average number of copepods consumed per shrimp larva
increased. to 2.3 with a range of 1.0 to 4.0. 1In chambers containing 160
copepods per liter the mean number of copepods eaten by a zoea was 5.3 and
the range increased to 2.3 to 9.6 (Table VI.B.XXII; VI.BR.7). These results
indicate that in the test beakers prey population densities had to average
80 per liter before each shrimp larva was consistently able to capture at
least one prey item per day. Like the observations on king and snow crab
zoeae, the average daily consumption rates increased significantly (P = 0.95)
up to the highest prey concentrations examined (Table VI.B.XXII; Fig. VI.B.7);
therefore, it is impossible to determine maximum consumption rates for these

decapod larvae from the data.

The Pandalus borealis larvae in the beaker without prey had a 40%
mortality on day five, and 1007% mortality occurred on or by the thirteenth
day. 1In the other test beakers larval shrimp molted successfully and

mortality was zero.

Many decapod larvae, including Chionoecetes and Pandalus, have been
reared to settling using Artemiq as food (Modin and Cox, 1967; Motoh, 1973).
In these studies high mortality rates were reported. Bigford (1978) found
that, of the combinations tested, a diet of green flagellates, rotifers,
and shrimp nauplii produced the best survival to the first stage juvenile
in the spider crab, Libinia emarginata. 1In Cook Inlet king crab zoeae
stomachs containe diatoms (E. Haynes, National Marine Fisheries Service,
‘Auke Bay, Alaska, pers. comm., 1980). The nutritional adequacy of small

crustaceans as a sole source of food for the decapod larvae examined is
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unknown. Furthermore, it is probable that prey population densities
necessary for the zoeae to obtain adequate nutrition exceed those that
allow for the capture of a single prey item. Therefore, we believe that
mortality rates of the three species of zoeae studied here cannot be

accurately related to food density at this time.

Zooplankton population density data are available for Kachemak Bay,
one of the major fishing grounds for king crab, snow crab, and pink shrimp
in Cook Inlet. Damkaer (1977) reported zooplankton population densities,
primarily copepods and cirripede larvae, ranging from 0.2-1.0 per liter
during the period when crab zoeae were present in 1976. These mean popula-
tion densities are considerably lower than the threshold concentration of
40 to 80 zooplankton per liter, necessary for successful daily feeding
response of king crab, snow crab, and pink shrimp larvae in the laboratory.
It is possible that zooplankton collected by the obliquely towed nets
(0.2 to 0.5 mm mesh) used by Damkaer (1977) do not accurately describe the
spatial distributions of the zoeae and their prey. In other areas it has
been demonstrated that oceanographic conditions and behavioral responses
of prey species cause them to disperse or to aggregate. Ellertsen et al.
(1977) showed that cod larvae feed principally on Calanus helgolandicus
nauplii which aggregate during vertical migrations and hence exceed con-
centrations necessary for successful feeding by cod larvae. Similar
behavioral mechanisms may occur in crab and shrimp larvae. Studies of the
northern anchovy larvae off California suggest that their survival depends
on weather and oceanographic conditions which affect the time of appearance
and duration of stratified layers of suitably sized food particles (Lasker,
1975, 1978). 1Ishimaru (1936) reported extensive mortality of king crab
zoeae when stormy conditions occurred during the 60 to 80 day planktonic
larval period. The results of the OCSEAP study reported here indicate that
if mixing from storms or any other phenomenon kept prey population densities
below 40 per liter, the zoeae studied could suffer from starvation. It is
also possible that phytoplankton are important food for these zoeae, and
their requirements for zooplankton prey are met at relatively low prey con-
centrations. Adequate assessment of prey concentrations and nutritional '

requirements of the zoeae is necessary when attempting to determine the
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reasons for recruitment success or failure. Further study should include
detailed surveys of nutritional requirements, feeding behavior, and the

effect of temperature and salinity on feeding success and survival of zoeae.
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TABLE VI.B.XXT

PERCENT OF PREY TYPES, AND THEIR SIZES (MEAN TOTAL LENGTH AND GREATEST
WIDTH) FED TO STAGE ONE ZOEAE OF KING CRAB, SNOW CRAB, AND PINK SHRIMP

Kingécrab Snowécrab Pinkéshrimp Length Width

Prey type prey prey prey (mm) (mm)
Unidentified copepods 24 70 26 0.7 0.2
Pseudocalanus
minutus elongatus

adults 22 8 1.2 0.3

copepodid (IV,V) 40 5 49 1.0 0.2
Acartia clausi 1 1.1 0.4
A. longiremis 1 1.4 0.4
Oithona helgolandica 9 17 5 0.9 0.2
unidentified nauplii 3 8 12 0.5 0.2
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TABLE VI.B.XXII

THE AVERAGE DAILY CONSUMPTION OF COPEPODS BY STAGE 1 ZOEAE OF
KING CRAB, SNOW CRAB, AND PINK SHRIMP

(X = mean; sd = standard deviation; se = standard error)

King Crab
Prey density 20/2 40/ 2 80/ 169/%
X eaten 0.8 1.3 2.6 7.6
sd 0.9 0.8 1.8 2.8
se 0.2 0.3 0.5 0.9
range 0.0-2.0 0.0-2.3 1.0-7.0 3.0-12.0
Snow Crab
X eaten 0.5 1.3 2.2 4.8
sd 0.3 0.6 1.1 1.8
se 0.1 0.2 0.4 0.6
range 0.0-1.0 0.4-2.0 1.0-4.0 2.0-7.0

Pink Shrimp

X eaten 0.7 1.5 2.3 5.3
sd 0.4 0.7 1.2 2.1
se 0.2 0.2 0.4 0.7
range 0.2-1.0 0.6-2.8 1.0-4.0 2.4-9.6
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Figure VI.B.4.

PREY DENSITY

The number of copepods consumed by king crab zoeae
in beakers with different prey concentrations.
Horizontal line = mean, vertical line = range,
white box = 2 standard deviations, dark box = 2
standard errors of the mean.
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Figure VI.B.5.

and held at 2°, 4° and 6°C.

LENGTH OF STARVATION (HOURS)

The number of copepods killed by king crab stage I zoeae starved for 12, 60 and 84 hours
Horizontal line = mean, vertical line = range, white box

standard deviations, dark box = 2 standard errors of the mean.
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Figure VI.B.6.

PREY DENSITY

The number of copepods consumed by snow crab
zoeae in beakers with different prey concentra-
tions. Horizontal line = mean, vertical line =
range, white box = 2 standard deviations, dark
box = 2 standard errors of the mean.
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Figure VI,B.7.

PREY DENSITY

The number of copepods consumed by pink shrimp
zoeae in beakers with different prey concentra-
tions. Horizontal line = mean, vertical line =
range, white box = 2 standard deviations, dark
box = 2 standard errors of the mean.

188




Food of Crangon dalli

Sediment was found in 71% of the Crangon dalli stomachs (Table
VI.B.XXIII). Crangon dalli stomachs typically contained more than 50%
sediment on a dry weight basis (Table VI.B.XXIV). Also present were large
numbers of both planktonic and benthic diatoms, and polychaete setae. Only
13% of the observations of polychaete remains in (. dalli stomachs were
based on the presence of identifiable worm tissue. The remainder of the
observations were unattached setae which are commonly present in sediment.
(Thus, the importance of polychaetes as food for (. dalli are probably
overestimated in Table VI.B.XXIV.) Unidentified organic material was ob-

served in 10% of the stomachs.

Parts of unidentified crustaceans were found in 287 of the stomachs,
while other crustaceans (ostracods, barnacles, cumaceans, amphipods and other
decapods) were found in another 157 of the stomachs. Bivalves were found

in 17% of the stomachs.

The high frequency of sediment and unidentified organic matter, possibly
detritus, in the stomachs suggests sediment sorting is a prime method of
feeding for this organism. Predation on benthic infauna is also important
as evidenced by some stomach contents. For example, one stomach contained
four intact clams, Nuculana fossa, 4 to 6 mm in shell length. See Appendix V

for more detailed report on Crangon feeding and food requirement.
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TABLE VI.B.XXIII

FOOD OF COOK INLET CRANGON DALLI
DATA RECORDED AS FREQUENCY OF OCCURRENCE' OF FOOD ITEMS

PREY ITEMS
-]
I}
= W
o ~
B ~
o 3 9 o
® + R “
o ~ oy o =% - ]
o o O ] a < o @ ]
@ 0 = 0w @ [ZJNSN [ ] - v o
= o J— u BN o " o 3] o o
1%} Y V] 5] w 3 & [ U - =y o U Eal
2 f =2 § 5% 5§ % ¢ 8§ ¥ Y s e & 8T FE oSO8
E B § E & <) [ § L I = B 5] " o o 9 M © =@ °v
PR .3 g 0~ o 3 R [ N o I} - o o
=4 wn 3 I [ i X ™~ o 3 ] ] ] o} (3] - . r~ g — ] N
o =] Q 3] ';g ﬁ’ =] o 1M © o H g' o ] o — — .
£ ¢ ¢ & % &8 X % 68 B S 53 8 % 2 E E AT E R
Station/Date A 2 2 B = O @ A A& =m = KB & &= B =zZ 5 ©n A K5
PMEL 1 06/14/78 - 50 48 11 24 10 3 - 7 10 2 12 - 3 1 31 18 4 3 4 -
PMEL 1 07/14/78 - 50 46 9 30 16 - 5 15 5 12 1 - 8 25 11 1 -
PMEL 1 08/15/78 33 50 39 1 10 10 - 1 4 - 13 - - - 2 20 - 1 - -
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TABLE VI.B.XXIII

CONTINUED
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st. 37 06/16/78 - - - - - 2 - - - - = = - - - = - 2 - 6 -
st. 53 11/07/77 2 - 1 2 - 8 1 - - - - = - 2 1 1 9 7 4 32 1
st. 53 06/11/78 - 2 - - - 7 - - = = e = - == 1 6 4 - 16 -
st. 53 07/18/78 2 - - - - 13 - - 1 - -1 3 - - - 5 8 - 53 1
st. 53 08/19/78 1 - 24 1 1 22 3 3 3 - 7 3 5 - = - 3 1 2 45 -
St. 62 11/14/77 - - - 1 - 7 1 - - e e = - e - - 8§ - 2 25 1
St. 62 07/21/78
Time 0400 - - - - - 6 - 2 - - - 2 - - -3 2 - 20 -
(hrs) g0 - 1 - - - 11 - 8 1 - 2 - 1 1 - - = 1 - 2 -
1000 - - - - - 7 T - - 1 1 - 2 - - 1 2 - - 20 1
1200 - - - - - 6 - 1 2 1 2 1 - 1 - - 2 5 - 20 -
1530 - - - - = I 1 2 - 1 - - - - 2 3 16 1
1900 - - - - - 6 - - - - 1 2 - - - 1 2 - 15 -
2100 - T - - - 4 - - - - - - = = - - 2 4 - 9 2
St. 62 08/19/78  — 7 - - 13 - - - 4 2 5 1 e 5 7 - 41 2
St. 62 A
03/7/78 - - - - - 7 - - - = 1 2 2 - - - 4 4 - 19 -
St. 62 A
03/30/78 1 - - 2 - 10 - - 1 - 2 1 2 - - 3 5 3 - 29 -
St. 62 B )
06/11/78 1 - - - - 30 - - - - 1 - 2 - - =25 2 - 25 -
Total Frequency
of Occurrence 10 4 40 9 1238 17 20 12 8§ 24 17 32 10 1 10 129 86 12 609 12
Percent Frequency
of Occurrence 1 <1 5 1 <1 28 2 2 1 1 3 2 4 1 <1 1 15 10 1 71 1
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TABLE VI.B.XXIV

DRY WEIGHTS OF SEDIMENTS IN COOK INLET, CRANGON SPP.

Sediment dry wt.

Depth No. stomachs No. stomachs Grams dry (dry wt. contents) % contents

Station/Animal Date (m) examined with contents wt. contents after KOH, HCL treatment sediment
10 June 78

40A Crangon dalli 14 June 78 33 90 26 .699 .038 5.4%
18 Crangon dalli 10 June 78 53 27 15 .269 .019 7.0%
62A Crangon dalli 29 March 78 27 123 75 .651 422 64.8%
#35 Crangon dalli 5 May 78 33 32 13 .078 .020 25.6%
#54 Crangon dalli 14 May 78 22 91 60 .958 .907 94.,7%
PMEL 7 Crangon dalli July 85 51 35 144 .111 77.1%
PMEL 1 Crangon spp. 20 July 78 33 80 51 .209 .139 66.5%
62A Crangon dalli 31 March 78 27 72 54 .513 .238 46.47
53 Crangon spp. 11 June 78 89 20 13 .123 .091 74.0%
PMEL 7 Crangon dalli 14 August 78 85 178 94 .286 .179 63.0%
27 Crangon dallt 17 July 78 33 114 57 .423 .298 70.4%
62 Crangon dalli 21 July'78 27 75 40 .345 .254 74.07




Food of Hermit Crabs

A total of 218 Pagurus ochotensis stomachs were examined, and 21 dif-
ferent prey types were found in their stomachs (Table VI.B.XXV). The most
frequently occurring food was barnacles, in 23% of the stomachs; Foraminif-
era, 21%; plant material, 21%, and young clams of the genus Spisula, 17%.
The clam, Nucula tenuis, occurred in 10% of the stomachs. Polychaetes as
well as species of hermit crabs were both observed in 7% of the stomachs.
All other organisms were observed in less than 5% of the stomachs. Sedi-~
ment was observed in 78% of the stomachs and accounted for 11 to 59% of the

dried weight of pooled stomach contents (Table VI.B.XXV).

In 387% of the stomachs of Pagurus capillatus, Foraminifera were ob-
served. Plant material occurred in 137 of the stomachs. Barnacles and the
clam, Nucula tenuis, were found in 6 and 5% of the stomachs respectively.
There were 14 additional categories of material identified in the stomachs;
however, none of them except sediment, occurred in more than 4% of the
stomachs. Sediment occurred in 71% of the stomachs and constituted an

average of 26% of the dry weight of stomach contents (Table VI.B.XXVI).

Only 17 Pagurus aleuticus were available for examination. Fragments
of sympodial Hydrozoa were the most frequently occurring item and were
found in 71% of the stomachs. Plant material was observed in 187 of the
stomachs. Sediment was observed in 76% of the stomachs, and accounted for

0.4 to 27% of the dry weight of stomach contents (Table VI.B.XXVII).

Hydrozoa and plant material appeared in 22 and 137% of the 32 Pagurus
kennerlyi stomachs respectively. Unidentified crustaceans and Foraminifera
were both observed in 6% of the stomachs. Sediment occurred in 72% of the
stomachs and accounted for 207 of the dry weight of stomach contents in

the one sample examined for sediment weight (Table VI.B.XXVIIT).

The most frequently observed food of the 31 Pagurus beringanus examined
was other hermit crabs, which occurred in 197% of the stomachs. Other un-
identified crustaceans were observed in 16% of the stomachs. Plant material

was observed in 13% of the stomachs (Table VI.B.XXIX).

The most frequently occurring food of Elassochirus tenuimanus was also

other hermit crabs, found in 32% of the stomachs. Balanus spp. and other
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unidentified crustaceans were observed in 15 and 11% of the stomachs, respec-

tively. Plant material was observed in 9% of the stomachs (Table VI.B.XXX).

The hermit crabs, Pagurus ochotensis, P. capillatus, P. aleuticus,
and P. kenmnerlyi, all appear to be opportunistic foragers which ingest
small organisms acquired by sorting through sediments, and swallow large
amounts of sediment in the process. They also browse on hydrozoans, pleces
of macroalgae, and sea grass detritus. Pagurus beringanus and Elassochirus
tenuimanus appear to be more active predators consuming primarily smaller
hermit crabs and other crustaceans. However, these generalizations are
based on a limited number of observations, and need to be reexamined after
further sampling. Also, the nutritional importance of bacteria associated
with the sediments and detritus ingested by these hermit crabs need to be

examined.

No other literature concerning the feeding habits of Alaskan hermit
crabs is available. Greenwood (1972) and Orton (1927) examined the mouth-
parts and feeding behavior of hermit crabs and concluded that detrital
feeding utilizing the third maxillipeds to scrape or sieve microscopic food
from bottom deposits is the general mode of feeding for these animals.
Scavenging and predation are believed to be opportunistic and accessory to
detrital feedings. The occurrence of significant amounts of sediment in

the stomachs of the common hermit crabs suggests a dependence on sediment/

detrital feeding>in Cook Inlet.




TABLE VI.B.XXV

FOOD OF COOK INLET PAGURUS OCHOTENSIS

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS

JuaWIPas
§3U23U0D YIBWOIS ¥

HOM UT 21qe31saILP
§3U33uU0D Yoewo3ls %

$3U33U0D YORWOIS
jydyem Lip e3I0L

JUAWE PaS
[efieiew Jueld
9nssil “PTUN
3150913l
seprantydo
sue@oe3SN1) "pruUn
asepranded

*dds snup]pvg
saaTeatd °PTUA
+dds pwoovp
owhufipod pynsrds
+ds agzuvgsy
2epTTTI&K
D38708qns 8ILBwWAOALY
ganuaz vinony
spodoaises °prufn
¥°dds p772140703
BlaBYILTOd
vozokag
®0z0aPpAH

©13 JTUTWEIO
pPoO3 Y3IFA °ON

paUWEXd SYOBWOIS °ON

1esk/yjuom  33e(

Station

27

54
18

59

0.12

WO N

W N O

10 10
11 11
25 24

3/78

5
18
35
35

o~

3/78
11/77

14
24

~

81 11

1.45

33

1

39 36 15

7/78

~ 1! 1 I~ 1 I
~ o~ o~
[- -0 I S I T B I« o]
o~ ~ ~
[e o] Aol i
sl — —

LI T TR R S R
o o [=]
0O NAD T O
N —
O - T ~

~t
-

o~
Ll —

o el |
0~ N
- T e

™~ - e~ (2]

o~
[~))

Gl
Ga) e

o~ -]

(] -~
— o~
- -t
o~
™ N e}
«~
OO NNM~O~NM
o -
N - NN PMO ™MK
o~ —
O P~ 00 M 00 I~ IO~
M~ =SS S s s
/////////
N e A N
- ~t Lol -~
e <
WONTRAREHMM
M T T DN
—
m

196

44 22

0.45

1

12 11

3/78
Total Frequency
of Occurence

62A

1 45 17.7

1

4

4 50 15

16 22 9 2 34 13

2

5

218 200 46

Percent Frequency

of Occurrence

2 0.5 1 0.5 2178

7

23

1

2

92 21

*The genus Margarites occurs in the area and may be included.




FOOD OF COOK INLET, PAGURUS CAPILLATUS

TABLE VI.B.XXVI

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS
PREY ITEMS
"8 ~
.ﬁ N> ® w
g x e wuae 88 §
o 2 . 9 & 22 §2 §
g 3 s 8 a3 g .3 BE ge ¢
Ry w o m & & .3 o > . « T o & o 3]
Ne = o o = : S . o ] =} H 2o 3] 3]
& Q Uy (] o] S & < - 4y =¥ [o] [} ()] 9] [1}] o )]
o o i 0o 0 S o a5 o ® ) 3 P ~0 g e
9] g o e o TR Y g R g « o - - ] | VR Y] G 0 .0 IY)
g o} L] =} o] ] o Q &) o M (o} ) o &) In} g =} Lo = g o d g
o o ] 0 £ 2 S 8 S O X - a 3] g O £ d
9] e 3 =] o] N [3] % . ~ N — I . ] § -~ . . is) E - o o w 0‘5
v 15! £ o) S o N S - S o “ 3 ™ o g o & P U o
4 . . — o >~ =~ ol & ) ) ot o ~ % ~g g rg -8 g 8 m.ﬁ m-g
Station 3 S 2 L B2 HE gL 8 E 2 2 £ £ £ & & & 5 5 R o B0 ww o
18 11/77 4 4 1 1 1 - - -
18 3/78 12 12 6 1 1 2 10 0.10 99 >1
35 11/77 4 3 1 2 - - -
35 5/78 8 7 4 1 7 0.06 4 36
35 7/78 16 13 5 1 1 13 0.07 25 26
36 5/78 13 11 4 1 - 1 1 1 10 0.05 66 23
37 11/77 3 3 3 1 1 2 3 - - -
49 5/78 3 3 1 1 3 0.05 13 50
53A 5/78 10 1 5 1 1 1 2 1 1 9 0.06 21 25
56 5/78 13 13 9 1 3 1 1 2 2 4 13 0.08 32 21
62 11/77 13 12 4 1 1 1 1 - - -
62A 3/78 13 10 1 2 1 1 1 2 1 4 8 0.07 23 27
Total Frecuency
of Occurrence 112 92 43 4 4 3 1 1 6 1 2 2 4 1 7 1 4 3 14 79
Percent Frequency
of occurrence 82 138 4 4 3 1 1 5 1 2 2 4 1 6 1 4 3 13 71

*The genus Margarites occurs in the area and may be included.
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TABLE VI.B.XXVII

FOOD OF COOK INLET, PAGURUS ALEUTICUS

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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Total Frequency
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17

Percent Frequency
of Occurrence
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TABLE VI.B.XXVIII

FOOD OF COOK INLET, PAGURUS KENNERLYI

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY TTEMS
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TABLE VI.B.XXIX

FOOD OF COOK INLET, PAGURUS BERINGANUS
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
o
9
c
= )]
“ & a
o w o
o 3] ] —
> o 3] m
~ [} (o} [} . Ll
= = s} + [=H ]
B 3, h w o )
g g o £ @ o 8 o
=] ) + &) 0 el =] =]
o ar 3 o )
5] 3 . § - ie =]
) o 3 o o
4+ . . o ~3 =] [} o
Station 8 2 2 S 533 8 E 3
18 17 15 5 2 6
27 3 3 3
Bluff 1 1 1
62 10 10 1 3 4 10
Total Frequency
of Occurrence 31 29 5 1 6 4 19
Percent Frequency
of Occurrence 94 16 3 19 13 61
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TABLE VI.B.XXX

FOOD OF COOK INLET, ELASSOCHIRUS TENUIMANUS

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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Total Frequency
of Occurrence

18

40

47

Percent Frequency

of Occurrence

38

11

32

15
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Food of Other Invertebrates

Food data for small numbers of Lebbeus groenlandica, Pandalus danae,
Crangon communis, C. franciscorum, Selerocrangon boreas, Argis dentata,
Oregonia gracilis, Hyas lyratus, and Ophiura sarsi is presented in Tables

VI.B.XXXT-VI.B.XXXIX. The data is not discussed because the number of

stomachs examined is small.




TABLE VI.B.XXXI

FOOD OF COOK INLET, LEBBEUS GROENLANDICA

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY TTEMS

iusurpag
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1 10 14 12 8

1 1

8

1 12 10
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of Occurrence

4 40 56 48 32
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4

4 48 40 32
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TABLE VI.B.XXXTI

FOOD OF COOK INLET, PANDALUS DANAE
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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21 17
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TABLE VI.B.XXXITI

LOWER COOK INLET, CRANGON COMMUNIS

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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TABLE VI.B.XXXTIV

FOOD OF COOK INLET CRANGON FRANCISCORUM
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
o
]
o
I
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X
3]
o
) o
= o W
3! W b
o o =]
=] =) [ -~
o) [ 3] a
et o « o
e 0 3 43 60
fn I o
March 1978 & o s g o
Station A “ = © ©
62A NA 8 2 1 1
Total Frequency
of Occurrence 2 1 1
Percent Frequency
of Occurrence 25 <1 <1

TABLE VI.B.XXXV

FOOD OF COOK INLET SCLEROCRANGON BOREAS
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
N]
el +
d Q¥
= =~
o Q
: 2 :
% & Q o
3] ? Oy 0w ]
o ] Q S b J
) o] S S w P )
= 0 S v — I I
§ Yz SfeToe oy
g s © ¥ Yy 5 a0 o
5] Y o ¥ om @ ©O @
o o = 3 8] £ S S-a
P g NS ¥ 9 8 - oA
May 1978 . - e - AN - -}
Station 2 2 A SO 5 & g &
35 11 7 2¥ 1t 2 1 1
56A 29 4 1 2 1 1 1
Total Frequency
of Occurrence 40 112 1 2 3 1 2 2 1 1
Percent Frequency
of Occurrence 28 2 5 8 2 5 5 2 2

*Swallowed intact lengths, 7, 9 mm
tSwallowed intact length, 7 mm
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TABLE VI.B.XXXVI

FOOD OF COOK INLET ARGIS DENTATA

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS

JU2WIPas
S3UDIUCD YOBWOIS ¥

HOM uTr 2Tqe3se3p
S3US3U02 |yOBWO3S Y

S3U8U00 YOBWO3IS
(8) 3y3tem Lap TeIOL

JusWEpag
TeTialem JUB[q
*ds snupjog
BIATEATE "PTU)
*ds vipjog
xpssof puvynony
BI9BYDATOd
BI9JTUTWERIO]
pooj 43ata °ON

poUTWEXD SUDBWO3S °ON

May 1978
Station

38
40

10

0.29
0.21

5

36

36

56
Total Frequency

of Occurrence

19

12

5

8

3

29 13

17

12

3

65 18

Percent Frequency

of Occurrence

26

18

28

*Clams swallowed intact.

TABLE VI.B.XXXVII

FOOD OF COOK INLET OREGONIA GRACILIS

DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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TABLE VI.B.XXXVIII

FOOD OF COOK INLET HYAS LYRATUS
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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Total Frequency
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Percent Frequency
of Occurrence 71 7 14 21 14 7 7 7 36 7

TABLE VI.B.XXXIX

FOOD AND SIZE-WEIGHT RELATIONSHIPS OF COOK INLET OPHIURA SARSI
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

(X = mean)
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Food of Selected Fishes

In 1976, a large 400-mesh eastern otter trawl was used to collect
invertebrates and in the process several fishes were captured. The stomach
contents of selected fishes captured by this trawl were examined for food
(Table VI,.B.XL). The species most commonly captured and examined were the
starry flounder, rock sole, Pacific halibut, and Pacific cod. The three
most common prey species of Platichthys stellatus (starry flounder) were
Spisula polynyma (40%), Crangon dalli (12%), and Chionoecetes bairdi (7%).
Rock sole, Lepidopsetta bilineata, fed most frequently on amphipods (22%).
Halibut, Hippoglossus stenolepis, preyed primarily on C. bairdi (33%),
Crangon spp. (23%), and fishes of the genera Lumpenus and Trichodon (147%).
The four most frequently occurring prey types found in Pacific cod, Gadus
macrocephalus, were young C. bairdi (63%), Crangon spp. (51%), unidentified
fishes and polychaetes 23 and 187% respectively. Small numbers of other
species of fishes were also examined (Table VI.B.XL). An additiomal trawl
survey in 1978 provided additional data on the food of fishes. The primary
prey of pollock, Theragra chalcogramma were Crangonidae (31%) and Pandalus
goniurus (8%) (see Table VI.B.XLI). The flathead sole, Hippoglossoides
elassodon, fed on Crangonidae (16%), C. batrdi (9%) and Pandalus borealis
(8%) (Table VI.B.XLII). Yellowfin sole, Limanda aspera, fed on S. polynyma
(57%) and Macoma spp. (5%) (Table VI.B.XLIII). The food of other species
captured in small numbers is presented in Table VI.B.XLIV).
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TABLE VI.B.XL

PERCENT FREQUENCY OF OCCURRENCE OF STOMACH CONTENTS OF SELECTED
FISHES FROM LOWER COOK INLET, OCTOBER 1976

Numbers in Parenthesis Indicate the Number of a
Specific Predator Containing that Prey

Fishes % Frequency of Occurrence

Lepidopsetta bilineata (rock sole)
Stomachs examined: 53

Stomachs with food: 18 34.0

Stomach contents: Unidentified Amphipoda (12) 22.6
Unidentified Crustacea (2) 3.8
Unidentified Nudibranch (1) 1.9
Spisula polynyma (1) 1.9
Crangon dalli (1) 1.9
Unidentified Pelecypoda (1) 1.9
Unidentified remains (1) 1.9

Hippoglossus stenolepis (Pacific halibut)

Stomachs examined: 52

Stomachs with food: 48 92.3

Stomach contents: Unidentified fish (17) 32.7
Chioncecetes bairdi (17) 32.7
Lumpenus sagitta (7) 13.5
Trichodon trichodon (7) 13.5
Crangon dalli (7) 13.5
Unidentified Crangonidae (5) 9.6
Pandalus goniurus (&) 7.7
Cancer magister (&) 7.7
Pagurus ochotensis (3) 5.8
Pandalus hypsinotus (2) 3.8
Unidentified Cottidae (2) 3.8
Serripes groenlandicus (1) 1.9
Unidentified Octopus (1) 1.9
Anonyx sp. (1) 1.9
Unidentified Amphipoda (1) 1.9
Pinnixa sp. (1) 1.9
Pandalopsis dispar (1) 1.9
Unidentified Stichaeidae (1) 1.9
Unidentified Zoarcidae (1) 1.9
Microgadus proximus 1.9




TABLE VI.B.XL

CONTINUED

Fishes % Frequency of Occurrence

Platichthys stellatus (starry flounder)
Stomachs examined: 55

Stomachs with food: 31 56.4

Stomach contents:  Spisula polynyma (22) 40.0

Crangon dalli (7) 12.7

Chionoecetes bairdi (4) 7.3

Crangon sp. (2) 3.6

Pandalus borealis (1) 1.8

Unidentified Pelecypoda (1) 1.8

Hippoglossoides elassodon (flathead sole)
Stomachs examined: 6

Stomachs with food: 6 100.0
Stomach contents: Unidentified Ophiuroidea (3) 50.0
Unidentified Crangonidae (3) 50.0
Muculana fossa (2) 33.4
Unidentified Polynoidae (1) 16.7
Macoma sp. (1) 16.7

Atheresthes stomias (turbot)
Stomachs examined: 10
Stomachs with food: O 0

Glyptocephalus zachirus (rex sole)
Stomachs examined: 6
Stomachs with food: O 0

Limanda aspera (yellowfin sole)
Stomachs examined: 1
Stomachs with food: 1 100.0
Stomach contents: Unidentified Pelecypoda 100.0

Gadus macrocephalus (Pacific cod)
Stomachs examined: 43

Stomachs with food: 41 95.3
Stomach contents: Chionoecetes bairdi (27) 62.8
Unidentified Crangonidae (22) 51.1
Unidentified fishes (10) 23.2
Unidentified Polychaeta (5) 17.6

Pandalus borealis (&) 9.3
Crangon sp. (4) 9.3
Crangon dalli (2) 4.7
Unidentified TIsopoda (2) 4.7
Unidentified Amphipoda (2) 4.7
Pandalus sp. (1) 2.3
Hyas lyratus (1) 2.3
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TABLE VI.B.XL

CONTINUED

Fishes 7 _Frequency of Occurrence

Gadus macrocephalus (cont'd)
Pinnixa sp. (1)
Unidentified Paguridae (1)
Anonyx sp. (1)
Unidentified Crustacea (1)
Unidentified Pelecypoda (1)
Nuculana fossa (1)
Unidentified Pectinidae (1)
Unidentified Naticidae egg collar (1)
Echiurus echiurus alaskensis (1)
Trichodon trichodon (1)
Hippoglossoides elassodon (1)
Atheresthes stomias (1)

NN NDNDNDND N
. . .
WWWwWLbWwWwWwWwwWwww

Theragra chalcogramma (walleye pollock)
Stomachs examined: 17

Stomachs with food: 8 47.1
Stomach contents: Unidentified Crustacea (4) 23.5
Pandalus borealis (&) 23.5
Unidentified Crangonidae (1) 5.9

Mierogadus proximus (Pacific tomcod)
Stomachs examined: 12
Stomachs with food: 11 91.7
Stomach contents: Pandalus borealis (9) 75.0
Crangon dalli (2) 16.7
Pagurus ochotensis (1) 8.3

Bathymaster signatus (searcher)
Stomachs examined: 21

Stomachs with food: 4 19.1
Stomach contents: Unidentified Anthozoa (1) 4.8
Chionoecetes bairdi (1) 4.8
Unidentified Crangonidae (1) 4.8
Unidentified Crustacea (1) 4.8

Trichodon trichodon (Pacific sandfish)

Stomachs examined: 5
Stomachs with food: 2 40.0
Stomach contents: Mallotus villosus (2) 40.0

Agonus acipenserinus (sturgeon poacher)
Stomachs examined: 6
Stomachs with food: O 0
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Fishes

TABLE VI.B.XL

CONTINUED

% Frequency of Occurrence

Lycodes palearis (wattled eelpout)

Stomachs examined:
Stomachs with food:
Stomach contents:

Lycodes sp. (eelpout)
Stomachs examined:
Stomachs with food:
Stomach contents:

2
2
Crangon dalli (2)

1
1
Macoma sp.
Unidentified Crangonidae

Myoxocephalus polyacanthocephalus (great sculpin)

Stomachs examined:
Stomachs with food:
Stomach contents:

Cottidae (sculpin)
Stomachs examined:
Stomachs with food:
Stomach contents:

26

22

Chionoecetes bairdi (8)
Crangon dalli (6)

Hyas lyratus (4)
Unidentified fish (2)
Unidentified Cyclopteridae (2)
Unidentified Cottidae (1)
Lumpenus sagitta (1)
Unidentified shrimp (1)
Cancer oregonensis (1)
Cancer magister (1)
Pagurus ochotensis (1)
Oregonia gracilis (1)

3
3
Chionoecetes bairdi (3)

Cyclopteridae (snailfish)

Stomachs examined:
Stomachs with food:
Stomach contents:

4
4
Crangon dalli (&)

Squalus sp. (dogfish shark)

Stomachs examined:
Stomachs with food:
Stomach contents:

1

1
Unidentified fish
Unidentified leech

100.0
100.0

100.0
100.0
100.0

=N W o

WWWLwLWwLwwIYNUWOo &~

Q0 00 00 00 00 Q0 0O ON O & = 00 O

100.0
100.0

100.0
100.0

100.0
100.0
100.0



TABLE VI.B.XLI

FOOD OF COOK INLET POLLOCK, THERAGRA CHALCOGRAMMA
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

PREY ITEMS
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TABLE VI.B.XLII

FOOD OF COOK INLET FLATHEAD SOLE, HIPPOGLOSSOIDES ELASSODON
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS

Station

53

Total Frequency

month/year

Date

05/78
06/78
06/78
06/78
06/78
06/78
07/78
07/78
07/78
07/78
07/78
08/78
08/78
08/78
08/78
08/78
08/78

of Occurrence

Percent Frequency

of Occurrence

*The genus Margarites occurs in the area and may be included.
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TABLE VI.B.XLIII

FOOD OF COOK INLET YELLOWFIN SOLE, LIMANDA ASPERA
DATA RECORDED AS FREQUENCY OF OCCURRENCE OF FOOD ITEMS
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27 08/78 12 10 163 1 1 6 1 1 1
28 08/78 4 4 166 3 1 2
35 08/78 14 12 161 1 3 1 2 3 8 1
62A 08/78 4 3150 2 1
Total Frequency
of Occurrence 234 193 2 7 1 2 4 7 4 2 1 5133 13 2 4 19 4 2 5 1 5 6 1 2

Percent Frequency
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() TABLE VI.B.XLIV
o
FOOD OF SELECTED COOK INLET FISHES
Month Size Range
Species Station Captured N (mm, SL) Prey
1978
Lycodes brevipes 37 July 15 180-240 Nuculana fossa, Crangonidae, Teleost
Lycodopsis pacifica 6 July 1 245 Chionoecetes bairdi
Bathymaster signatus 35 May 5 96-150 Crangonidae, Amphipoda
368 May 1 170 Crangonidae
56A May 2 140-170 Pandalidae, Gammaridae, Strongylocentrotus sp.
Anoplopoma fimbria 5 June 4 380-400 Theragra chalcogramma, Sipunculida
Agonus acipenserinus 5 July 20 - Amphipoda
Glytocephalus zachirus 5 July 6 160-290 Amphipoda, Polychaeta
Hyppoglossus stenolepis 54 May 1 165 Crangon dalli, Mysldacea
28 July 1 212 Paguridae, Teleost
27 July 1 205 Pagurus ochotensis, Agonus sp.
Microstomus pacificus 5 July 14 280-320 Polychaeta, Amphipoda
Lepidopsetta bilineata 28 June 3 130~-230 Polychaeta, Spisula polynyma, Macoma sp.,
Amphipoda
5 July 8 220-300 Polychaeta, Amphipoda, Hyas lyratus
27 July 2 145-225 Polychaeta, Siliqua patula, Spisula polynyma
40 July 1 240 Spisula polynyma
41 July 11 180-290 Polychaeta, Balanus sp.
18 August 1 160 Yoldia sp.
Platichthys stellatus 54 May 1 390 Pandalus goniurus
Psettichthys melanostictus 28 June 3 112-174 Amphipoda
40A June 2 160-270 Amphiuroidea, Lumpenus sp.
40 July 13 113-240 Spisula polynyma, Amphipoda
40 August 2 160 Spisula polynyma
41 August 6 140-230 Polychaeta, Spisula polynyma, Balanus sp.




General Discussion

The results of stomach analysis of Cook Inlet benthic invertebrates
indicate that the commerclally important crab, shrimp and the fishes
examined prey directly on sediment-detrital feeding organisms (Table
VI.B.XLV). Furthermore, pink shrimp, coonstripe shrimp and humpy shrimp
stomachs contain over 507 sediment on a dry weight basis (Table VI.B.XLV)
suggesting that they feed on detritus themselves., Post-larval king crabs
and snow crab stomachs also contain sediment, suggesting that these crus-
taceans ingest large amounts of sediment while feeding (Table VI.B.XLV).
Crangonid shrimps, hermit crabs (Table VI.B.XLV), detrital feeding clams
and polychaetes, all of which are important prey organisms of these crabs,
shrimps, and fishes, also ingest 1arge quantities of sediment. Other prey
organisms, such as barnacles and filter feeding clams, probably also in-
advertently ingest sediment while feeding on resuspended material. There-
fore, if oil were to complex with subtidal sediments in lower Cook Inlet,
the commercially important crustaceans and the fishes examined would ingest
these hydrocarbons both directly while feeding, and through the consumption
of contaminated prey. A similar situation would occur if drilling muds
were allowed to settle on feeding areas. Currently, no information on the
effect of 0il or drilling mud contaminated food on crabs, shrimps or the

fishes examined is available.

The most important prey types of the adult stages of the commercially
important crabs, shrimps, and fishes examined in Cook Inlet are polychaetes,
bivalves, barnacles, crangonid shrimps, and hermit crabs. If oil pollu-
tion negatively effected population sizes of these prey organisms, food

supplies of the crabs and shrimp species of Cook Inlet would be limited.

The studies on the effect of prey concentration on the feeding success
of the zoeae of king crab, snow crab and pink shrimp show that feeding success
is Impaired if prey concentrations are below 40 per liter. KXing crab zoeae
lose the ability to feed after 3.5 days from hatching if prey concentrations
are too low for successful feeding, especially if the water temperature is
below 4°C. Survival rates of these larvae are known to be reduced by crude

oil pollution (Rice et al., 1976). If oil pollution occurred during a
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period of low prey availability or negatively affected prey availability,

high mortality rates could be expected.
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TABLE VI.B.XLV

A SUMMARY OF THE COMMON FOOD AND THE PERCENTAGE OF THE DRY WEIGHT OF
THEIR STOMACH CONTENTS THAT ARE SEDIMENT

Organism

Feeding Method

Percentage Dry

Common Identifiable Food

Stomach Contents Specimen

Snow crab

King crab adults
King crab post-larval
Dungeness crab

Pink shrimp
Coonstripe shrimp
Humpy shrimp
Crangon dalli
Argis dentata

Hermit crabs
Pagurus ochotensis

Pagurus aleuticus
Pagurus kennerlyi
Pagurus beringanus
Elassochirus tenuimanus

Pollock
Flathead sole

Yellowfin sole

N.A. = not available
N.I.

predation
predation
predation
predation

sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation

sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation
sediment sorting
and predation
predation

predation

predation

unknown but probably not important

bivalves, barnacles, hermit crabs
bivalves, barnacles, hermit crabs, snails
crustaceans, Foraminifera, Protozoa
bivalves, barnacles, amphipods

small crustaceans, polychaetes, bivalves
small crustaceans, polychaetes, bivalves
small crustaceans, polychaetes, bivalves
crustaceans, bivalves

polychaetes, bivalves, plant material

barnacles, Foraminifera, plant material, bivalves
Hydrozoa, plant material
Hydrozoa, plant material
Hermit crabs, other crustaceans, plant material
Hermit crabs, barnacles, other crustaceans

Crangon, amphipods, euphausids
Crangon, snow crabs, Hyas, pink shrimps

bivalves, barnacles

<16%
N.I.
N.A.
N.A.
547,




SECTION C - BIOLOGY OF SIX SELECTED SPECIES OF CLAMS (NUCULA TENUIS,
NUCULANA FOSSA, GLYCYMERIS SUBOBSOLETA, SPISULA POLYNYMA,
MACOMA CALCAREA, TELLINA NUCULOIDES) FROM LOWER COOK INLET

Nucula tenuis

Nucula tenuis was collected at the stations listed in Table VI.C.T
and shown in Fig. VI.C.1l. There was no apparent gear bias in age sampling
of this specles, as the age classes were well represented in the collec-
tions as shown in age composition (Table VI.C.II). Two hundred and two
N. tenuis were aged from eleven statidns; 16, 18, 27, 28, 33, 37, 39, 49,
53, 54, and 62A. The annual increase in shell length for each of the size
classes was typically 0.6 to 1.0 mm (Tables VI.C.II-VI.C.VII; Figs. VI.C.2-
VI.C.6). Growth rates were similar at all stations, and varied only slightly
from year to year (Figs. VI.C.2-VI.C.4). The integrity of the age classes
is suggested by Figs. VI.C.5 and VI.C.6, where it can be observed that nomne
of the standard errors of the mean overlap. The mean shell length at each
annular age showed some variation (Figs. VI.C.2-VI.C.4). However, all the
values for mean shell lengths at an annulus (Figs. VI.C.2-VI.C.4) did not
exceed the standard deviation around that mean annular length by more than

1 mm (Tables VI.C.II-VI.C.VII).

The majority of the specimens examined were between 0 and 4 years of
age. However, there was considerable variation in the age composition of
the collections (Tables VI.C.II-VI.C.VII). TFor example, 897 of the Nucula
tenuis from Station 28 were between 0 and 2 years of age while 100% of the
clmas from Station 49 were between 2 and 4 years of age. The oldest and
largest N. tenuts collected were 7 years of age and 9.7 mm in length, respec-
tively. This species can survive at least 9 years as indicated by data from

the Bering Sea (Feder et al., 1980).

Dry weights of the various age classes are available in Table VI.C.VIII.
Biomass estimations (dry tissue weight) for each age class were made for
Nucula tenutis at Station 28. Total N, tenuis biomass at Station 28 was

estimated at 0,19 g/m2 (Table VI.C.IX).

Approximately 267 mortality occurred in the first year class of
Nucula tenuis, this gradually increased to 36% by age 7 (Table VI.C.X);
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Fig. VI.C.7). Calculations using the age composition Tables VI.C.IT to
VI.C.VIT indicate that extensive mortality occurred after 4 years of age,
967 of the clams were from O to 4 years of age. This species is preyed
upon by the large crabs and shrimps of the area (see Section B). No com-
parable mortality data are available for this species from other regions

of the Gulf of Alaska. This bivalve undergoes more extensive mortality in
the Bering Sea than in Cook Inlet (Feder et al., 1980). In the former area,

50% mortality occurred by age 5.

Similar growth, size at age (Tables VI.C.II-VI.C.VII; Figs. VI.C.5~-
VI.C.6) and growth histories (Figs. VI.C.2-VI.C.4) were observed for Nucula
tenuis from each of the Cook Inlet stations examined. Data appearing in
Table VI.C.LXIV compares size at age from three studies: WNeiman (1964);
Feder et al. (1980) and this report. Neiman (1964) reported mean shell
lengths of 1.0, 1.5, 3.9, 5.3, 6.9, and 9.3 mm in length for N. tenuis from
the eastern Bering Sea for age classes 0 to 5, respectively. Feder et al.
(1980) reported mean shell lengths of 1.4, 2.2, 3.5, 4.8, 6.0, and 7.2 mm
from the eastern Bering Sea. These shell lengths compare with 1.7, 2.3,
3.3, 4.3, 5.3, and 6.2 mm for our Cook Inlet specimens; therefore, this
clam appears to grow slightly faster in the eastern Bering sea (Table

VI.C.LXIV).
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TABLE VI.C.I

NUMBER OF CLAMS COLLECTED BY VAN VEEN GRABS (VV) AND PIPE DREDGE (PD) IN LOWER COOK INLET
APRIL (A) AND OCTOBER (0), 1976

A Indicates Additional Clams from Various Oualitative Sources

Nucula tenuis Nuculana fossa Glycymeris subobsoleta Spisula polynyma Macoma calcarea Tellina nuculoidas
PD

w PD v PD A v PD A w A w PD A w 4t
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SUBTOTALS 0 92 16 94 4 147 16 31 415 384 0 129 357 12 0 O 0188 378 16 348 17 120 20 314 77 162 175

TOTALS 203 613 882 566 521 728

iClams present but not enumerated--see distribution maps (Figs. vIi.c.l, VI.C.8, VI.C.18, v1.C.30, VI.C.39, VI.C.51).
-Agassiz trawl, October

3Tr)‘—net, April

“Clam dredge, October

SEastern otter trawl, October

6A11 DG stations sampled were obtained by ADF&G via anchor dredge, September 1976.
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TABLE VI.C.II

THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM ELEVEN
LOWER COOK INLET STATIONS (16, 18, 27, 28, 33, 37, 39, 49,
53, 54, and 62A) (See Table VI.C.I and Fig. VI.C.1l)

N = Number of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML SD SEM R
(Age of clams) (mm) (mm) (mm) (mm)
0 30 1.7 0.1 0.04 1.5-1.9
1 55 2.3 0.3 0.07 1.9-2.9
2 44 3.3 0.3 0.08 2,7-3.8
3 34 4.3 0.3 0.12 3.7-4.9
b 30 5.3 0.4 0.15 4.6-6.0
5 7 6.2 0.2 0.21 5.8-6.5
6 0 - - —— -
7 2 | 9.3 0.5 1.02 9.0-9.7
Total = 202

TABLE VI.C.III

THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM LOWER
COOK INLET STATION 18

N = Number of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML Sh SEM R

(Age of clams) (mm) (mm) (mm) (mm)
0 0 — —_ - -
1 0 - - - -
2 3 3.5 0.3 0.37 3.3-3.8
3 9 4.2 0.4 0.27 3.7-4.9
4 4 5.1 0.4 0.50 4.,7-5.7

Total = 16
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TABLE VI.C.IV
THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM LOWER
COOK INLET STATION 28

N = Number of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML SD SEM R
(Age of clams) (tum) (mm) (mm) (mm)
0 30 1.7 0.1 0.04 1.5-1.9
1 52 2.3 0.3 0.07 1.9-2.8
2 26 3.3 0.3 0.11 2.9-3.8
3 8 4.2 0.3 0.22 3.8-4.8
4 4 5.6 0.3 0.39 5.3-6.0
5 1 6.3 0.0 0.00 6.3
Total = 121

TABLE VI.C.V
THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM LOWER
COOK INLET STATION 33

N = Number of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML SD SEM R
(Age of clams) (tum) (mm) (mm) (mm)
0 0 - - - -
1 1 2.9 0.0 0.00 2.9
2 5 3.4 0.3 0.29 3.1-3.7
3 4 4.1 0.3 0.41 3.8-4,5
4 2 5.4 0.6 1.31 5.0-5.9
Total = 12
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TABLE VI.C.VI
THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM LOWER
COOK INLET STATION 49

N = Number of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML SD SEM R

(Age of clams) (mm) (mm) (mm) (mm)
0 0 — - - -
1 0 — - - -
2 5 3.5 0.2 0.24 3.3-3.8
3 7 4.5 0.3 0.27 4,0-4.8
4 10 5.2 0.3 0.22 4,7-5.8

Total = 22

TABLE VI.C.VII
THE AGE COMPOSITION AND SHELL LENGTHS OF NUCULA TENUIS FROM LOWER
COOK INLET STATION 53

N = Numbér of clams; ML = Mean length of clams; SD = Standard deviation;
SEM = Standard error of the mean; R = Range

Year class N ML SD SEM R
(Age of clams) (mm) (mm) (mm) (mm)
0 0 — — - -
1 0 - — — —
2 1 3.4 0.0 0.00 3.4
3 3 4.4 0.3 0.47 4,2-4.8
4 5 5.2 0.6 0.58 4.6-5.8
5 ' 1 6.1 0.0 0.00 6.1
Total = 10
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TABLE VI.C.VIII

AGE AND DRY-WEIGHT RELATIONSHIPS OF COOK INLET NUCULA TENUIS

Number Total Dry X Total Dry Total Shell Total Dry Tissue X Dry Tissue % Dry

Age of Clams Weight (g)* Weight (g) Weight (g) Weight (g) Weight (g) Tissuet
0 25 0.028 0.0011 0.018 0.010 0.00040 35.7
1 25 0.048 0.0019 0.029 0.019 0.00076 39.6
2 25 0.113 0.0045 0.080 0.033 0.00132 29.2
3 25 0.252 0.0101 0.183 0.069 0.00276 27.4
4 25 0.459 0.0184 0.343 0.116 0.00464 25.3
5 20 0.628 0.0314 0.479 0.149 0.00745 23.7

*Total dry weight =

total dry tissue weight

total shell weight + total dry tissue weight

t% dry tissue =

x 100

total dry weight




TABLE VI.C.IX

NUCULA TENUIS: BIOMASS ESTIMATIONS PER m? AT STATION 28

Number in X Number of X Dry Tissue Weight Dry Tissue Weight

Age 6 Grabs Clams/m? (g)* (g) /m?
0 26 52 0.00040 0.02080
1 39 78 0.00076 0.05928
2 18 36 0.00132 0.04752
3 6 12 0.00276 0.03312
4 3 6 0.00464 0.02784

Total dry tissue weight in g(biomass)/m2 0.18856

*See Table VI.C.VIII
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TABLE VI.C.X

THE NUMBER OF NUCULA TENUIS AT EACH AGE, AND THE RELATIONSHIP BETWEEN
AGE AND NATURAL MORTALITY IN LOWER COOK INLET

Number at Age  Number at Age  Natural Mortality

from Original from Curve in % from Curve in Mortality
Age (t) Data (N) Figure VI.C.7% Figure Vi.c.7% Coefficient (2)

0 30 - - -

1 55 53 26 .3067

2 44 39 28 .3314

3 34 28 29 .3365

4 30 20 30 .3567

5 7 14 36 L4420

6 0 9 b4 .5878

7 2 5

*Based on the technique of Gruffydd (1974) in which the number at age from
the curve for one-year old clams is estimated. All other numbers at age
are calculated using the following expression:

N, - e-z(t)'

Nt+1 = N, ; where
N = number of clams
z = mortality coefficient
t = time

t + 1 = time at the next year
e = 2,718
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Figure VI.C.l. Distribution of all Nucula tenuis collected by van Veen grab and
pipe dredge from lower Cook Inlet statioms.
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